
Draft 
Programmatic Environmental Impact Report 

For The 

Vegetation Treatment Program  

Of the 
California State Board of Forestry and Fire Protection 

(SCH #2005082054) 
 

October 30, 2012 
 

Lead Agency: 
The California State Board of Forestry 

& Fire Protection 
 

Prepared By: 
The California Department of Forestry 

& Fire Protection,  
Baldwin, Blomstrom & Wilkerson & Assoc., Arcata, CA and 

Trinity County Resource Conservation District,  
Weaverville, CA. 

 



 



 

 
 
 
 

Draft 
Programmatic Environmental Impact Report 

For The 
California State Board of Forestry and Fire Protection’s 

Vegetation Treatment Program 
(SCH #2005082054) 

 
October 30, 2012 

 
Lead Agency: 

The California State Board of Forestry 
& Fire Protection 

 
 
 

Prepared By: 
The California Department of Forestry 

& Fire Protection,  
Baldwin, Blomstrom & Wilkerson & Assoc., Arcata, CA and 

Trinity County Resource Conservation District,  
Weaverville, CA. 



 



 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  i 

 

Table of Contents 
Vegetation Treatment Program 

Draft Environmental Impact Report 
 
Preface 

Table of Contents .................................................................................................................. i 
List of Figures and Tables ...................................................................................................... xi 
Note to Reader About How to Read and Use This EIR .......................................................... xxv 
Executive Summary ............................................................................................................... ES-i 

 
Chapter 1 Introduction and Background  

1.1 Introduction  .......................................................................................................................... 1-1 
1.2 Need for Vegetation Management  ...................................................................................... 1-1 
1.3 Regulatory Authority (Legislative Statute and BOF Regulations) .......................................... 1-5 
1.4 Description of CAL FIRE Programs that Carry Out Vegetation Treatments .......................... 1-6 
1.5 Other Agencies Involved in Regulation of Vegetation Treatment Projects  ......................... 1-9 
1.6 Decisions Subject to the California Environmental Quality Act ............................................ 1-10 
1.7 Proposed Program Purpose and Goals .................................................................................. 1-10 
1.8 Purpose of Programmatic Environmental Impact Reports  .................................................. 1-14 
1.9 PEIR and Program Duration  .................................................................................................. 1-15 
1.10 Organization of the PEIR ........................................................................................................ 1-16 
Literature Cited ............................................................................................................................... 1-a 

 
Chapter 2 Proposed Program  

2.1 Overview of Proposed Program ............................................................................................ 2-1 
2.2 Landscape Available to be Treated   ...................................................................................... 2-5 
2.3 Minimum Management Requirements  ................................................................................ 2-6 
2.4 Treatable Landscape .............................................................................................................. 2-8 
2.5 Detailed Description of Treatments ...................................................................................... 2-9 

2.5.1  Overview ...................................................................................................................... 2-9 
2.5.2  Prescribed Fire Treatments ......................................................................................... 2-10 
2.5.3  Mechanical Treatments ............................................................................................... 2-13 
2.5.4  Manual Treatments ..................................................................................................... 2-17 
2.5.5  Prescribed Herbivory Treatments ............................................................................... 2-18 
2.5.6  Herbicide Treatments .................................................................................................. 2-20 
2.5.7  Treatment Maintenance .............................................................................................. 2-23 
2.5.8  Treatment Combinations ............................................................................................. 2-24 
2.5.9  Distribution and Location of Area Treated Annually` .................................................. 2-24 

2.6 How the Proposed Program Would be Implemented ........................................................... 2-26 
2.7 Known Areas of Controversy ................................................................................................. 2-29 
Literature Cited ............................................................................................................................... 2-a 



Table of Contents 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  ii 

 

Chapter 3 Alternatives  
3.1 Overview of Alternatives ....................................................................................................... 3-1 
3.2 Landscape Available to be Treated ....................................................................................... 3-2 
3.3 Minimum Management Requirements ................................................................................. 3-3 
3.4 Alternative 1 – Status Quo .................................................................................................... 3-3 

3.4.A   Landscape Available to be Treated ............................................................................ 3-3 
3.4.B   Minimum Management Requirements ...................................................................... 3-4 
3.4.C   Detailed Description of Treatments ........................................................................... 3-4 

3.5 Alternative 2 – No Herbicide Treatment ............................................................................... 3-5 
3.5.A   Landscape Available To Be Treated ............................................................................ 3-6 
3.5.B   Minimum Management Requirements ...................................................................... 3-6 
3.5.C   Treatable Landscape ................................................................................................... 3-6 
3.5.D   Detailed Description of Treatments ........................................................................... 3-7 

3.6 Alternative 3 – Treatments that Minimize Potential Effects to Water Quality  .................... 3-8 
3.6.A   Landscape Available To Be Treated ............................................................................ 3-8 
3.6.B   Minimum Management Requirements ...................................................................... 3-9 
3.6.C   Treatable Landscape ................................................................................................... 3-9 
3.6.D   Detailed Description of Treatments ........................................................................... 3-10 

3.7 Alternative 4 –Treatments that Minimize Potential Impacts to Air Quality. ........................ 3-11 
3.7.A   Landscape Available To Be Treated ............................................................................ 3-11 
3.7.B   Minimum Management Requirements ...................................................................... 3-12 
3.7.C   Treatable Landscape ................................................................................................... 3-12 
3.7.D   Detailed Description of Treatments ........................................................................... 3-12 

3.8 Summary of Treatments and Landscape Constraints ........................................................... 3-14 
3.9 Alternatives Considered But Eliminated From Detailed Analysis ......................................... 3-15 
3.10 Environmentally Superior Alternative ................................................................................... 3-16 
Literature Cited ............................................................................................................................... 3-a 

 
Chapter 4 Environmental Setting  

4.1 Regional Setting - Bioregion Overview .................................................................................. 4.1-1 
4.1.1 Introduction .................................................................................................................. 4.1-1 
4.1.2 Land Management on Forest and Range Lands ........................................................... 4.1-2 
4.1.3 Range Setting ................................................................................................................ 4.1-4 
4.1.4 Environmental Factors on Rangeland .......................................................................... 4.1-7 
4.1.5 Economic Importance ................................................................................................... 4.1-9 
4.1.6 Forest Setting ................................................................................................................ 4.1-10 
4.1.7 Bioregion Overview ...................................................................................................... 4.1-13 

4.2 Wildfire Trends ...................................................................................................................... 4.2-1 
4.2.1 Introduction .................................................................................................................. 4.2-1 
4.2.2 Wildland Fire Trends..................................................................................................... 4.2-3 
4.2.3 Wildland Fire Economic Impacts .................................................................................. 4.2-5 
4.2.4 Characterizing Wildfire ................................................................................................. 4.2-8 



Table of Contents 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  iii 

 

4.2.5 Environmental Trends .................................................................................................. 4.2-14 
4.2.6 Assets at Risk ................................................................................................................ 4.2-15 
4.2.7 Regulatory Environment ............................................................................................... 4.2-18 
4.2.8 Highly Sensitive Ecological and Urban Interface Area.................................................. 4.2-25 
4.2.9 California Fire Plan and possible VTP emphasis ........................................................... 4.2-26 

4.3 (Hold for Future Use) 
4.4 Climate Change in California ................................................................................................. ..4.4-1 

4.4.1 Introduction .................................................................................................................. ..4.4-1 
4.4.2 Sources of CO2 Emissions in California ......................................................................... ..4.4-1 
4.4.3 Environmental Effects from Climate Change ............................................................... ..4.4-3 
4.4.4 California’s Regulatory Framework in Response to the Challenge of Climate  
          Change .......................................................................................................................... 4.4-15 
4.4.5 Carbon Sequestration, Forest Conservation and Restoration ..................................... 4.4-17 
4.4.6 Summary ....................................................................................................................... 4.4-19 

4.5 Biological Resources - Bioregional Summary...... .................................................................. ..4.5-1 
4.5.1 Aquatics ........................................................................................................................ 4.5-22 
4.5.2 Wildlife .......................................................................................................................... 4.5-32 
4.5.3 Vegetation and Plant Species of Special Concern ........................................................ 4.5-52 
4.5.4 Invasive Plant Species ................................................................................................... 4.5-69 

4.6 Air Quality Setting .................................................................................................................. 4.6-1 
4.6.1 Introduction .................................................................................................................. 4.6-1 
4.6.2 Regulatory Framework ................................................................................................. 4.6-1 
4.6.3 Pollutants of Concern ................................................................................................... 4.6-5 
4.6.4 Sources of Pollutants .................................................................................................... 4.6-7 
4.6.5 Management ................................................................................................................ 4.6-10 
4.6.6 Visibility ........................................................................................................................ 4.6-10 
4.6.7 Emissions Reduction ..................................................................................................... 4.6-11 
4.6.8 Smoke Management .................................................................................................... 4.6-12 
4.6.9 California Climate and Meteorology ............................................................................ 4.6-13 

4.7 Water Resources and Water Quality ..................................................................................... 4.7-1 
4.7.1 Introduction .................................................................................................................. 4.7-1 
4.7.2 Regulatory Framework ................................................................................................. 4.7-1 
4.7.3 Background on Watershed Condition and Geomorphology ........................................ 4.7-3 
4.7.4 Setting for Water Resources and Water Quality .......................................................... 4.7-6 
4.7.5 Impaired Waterbodies. ................................................................................................. 4.7-7 
4.7.6 Hydrologic Regions ....................................................................................................... 4.7-9 

4.8 Archaeological and Cultural Historic Resources .................................................................... 4.8-1 
4.8.1 Introduction .................................................................................................................. 4.8-1 
4.8.2 Regulatory Framework ................................................................................................. 4.8-1 
4.8.3 Prehistoric California Background ................................................................................ 4.8-2 
4.8.4 Ethnographic Background ............................................................................................ 4.8-5 
4.8.5 Historic Background ..................................................................................................... 4.8-6 

 



Table of Contents 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  iv 

 

4.9 Population, Employment and Housing .................................................................................. 4.9-1 
4.9.1 Introduction .................................................................................................................. 4.9-1 
4.9.2 Population Growth and Extent ..................................................................................... 4.9-1 
4.9.3 Population Projections ................................................................................................. 4.9-5 
4.9.4 Housing Issues and Trends ........................................................................................... 4.9-10 
4.9.5 Employment ................................................................................................................. 4.9-12 

4.10 Transportation and Traffic ..................................................................................................... 4.10-1 
4.10.1 Introduction ................................................................................................................ 4.10-1 
4.10.2 Responsible Agencies ................................................................................................. 4.10-1 
4.10.3 Transportation Setting ............................................................................................... 4.10-1 
4.10.4 Environmental Issues .................................................................................................. 4.10-3 

4.11 Utilities and Energy ................................................................................................................ 4.11-1 
4.11.1 Introduction ................................................................................................................ 4.11-1 
4.11.2 Regulatory Setting ...................................................................................................... 4.11-1 
4.11.3 Electricity - Transmission Lines ................................................................................... 4.11-2 
4.11.4 Water Infrastructure .................................................................................................. 4.11-4 
4.11.5 Energy Production and Use ........................................................................................ 4.11-5 
4.11.6 Forest and Range Related Energy Industry Structure ................................................ 4.11-6 

4.12 Noise ...................................................................................................................................... 4.12-1 
4.12.1 Introduction ................................................................................................................ 4.12-1 
4.12.2 Background on Environmental Noise ......................................................................... 4.12-1 
4.12.3 Regulatory Setting ...................................................................................................... 4.12-2 
4.12.4 Regional Setting and Existing Conditions ................................................................... 4.12-3 

4.13 Visual Resources .................................................................................................................... 4.13-1 
4.13.1 Introduction ................................................................................................................ 4.13-1 
4.13.2 Background ................................................................................................................. 4.13-1 
4.13.3 Setting ......................................................................................................................... 4.13-1 

4.14 Recreation ............................................................................................................................. 4.14-1 
4.14.1 Introduction ................................................................................................................ 4.14-1 
4.14.2 Extent of Area Available for Recreation ..................................................................... 4.14-1 
4.14.3 Use of Recreational Areas .......................................................................................... 4.14-2 
4.14.4 Description of Recreation Provided by Land Ownership ........................................... 4.14-4 

4.15 Geologic Hazards and Soils .................................................................................................... 4.15-1 
4.15.1 Introduction ................................................................................................................ 4.15-1 
4.15.2 Geology ....................................................................................................................... 4.15-1 
4.15.3 Landslide Hazards ....................................................................................................... 4.15-1 
4.15.4 California Paleontology .............................................................................................. 4.15-4 
4.15.5 Soils ............................................................................................................................. 4.15-7 
4.15.6 Soil Loss ...................................................................................................................... 4.15-10 

4.16 Hazardous Materials and other Concerns ............................................................................. 4.16-1 
4.16.1 Introduction ................................................................................................................ 4.16-1 
4.16.2 Hazardous Materials ................................................................................................... 4.16-1 
 



Table of Contents 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  v 

 

4.16.3 Worker Safety and Environmental Toxicity of Hazardous Materials ......................... 4.16-9 
4.16.4 Other Concerns ........................................................................................................... 4.16-12 

4.17 Herbicides .............................................................................................................................. 4.17-1 
4.17.1 Introduction ................................................................................................................ 4.17-1 
4.17.2 Regulatory Framework ............................................................................................... 4.17-2 
4.17.3 Forest and Rangeland Herbicide Use ......................................................................... 4.17-4 
4.17.4 Prevalent Public Issues Relating to Herbicide Application ......................................... 4.17-8 
4.17.5 Adjuvants, Diluents, Marker Dyes, and Other Colorants ........................................... 4.17-10 
4.17.6 Forestry and Rangeland Herbicides in Native Plants - Drift ....................................... 4.17-11 
4.17.7 Current Forestry and Rangeland Vegetation Management Herbicide Use ............... 4.17-12 
4.17.8 Bioregion Summary .................................................................................................... 4.17-16 
4.17.9 Herbicide Use on Federal Forest and Range Lands .................................................... 4.17-18 

Literature Cited ............................................................................................................................... 4-a 

 
Chapter 5  Environmental Impacts Analysis and Mitigation  

5.0 Introduction & Summary of Proposed Program Alternatives ............................................... 5-1 
5.1 Potentially Significant Effects ................................................................................................ 5.1-1 
5.2 Effects of Program/Alternatives on Wildfire Severity and Extent ........................................ 5.2-1 

5.2.1 Significance Criteria..................................................................................................... 5.2-1 
5.2.2 Determination Threshold ............................................................................................ 5.2-1 
5.2.3 Data and Assumptions ................................................................................................ 5.2-1 
5.2.4 Direct Effects Common to all Bioregions From Implementing the Program/ 

Alternatives ................................................................................................................. 5.2-9 
5.2.5 Indirect Effects of Implementing the Program/Alternatives ...................................... 5.2-15 
5.2.6 Determination of Significance..................................................................................... 5.2-16 
5.2.7 Similar Effects Described Elsewhere ........................................................................... 5.2-16 

5.3 (Hold for Future Use) 
5.4 Response of Program/Alternatives to Climate Change ......................................................... 5.4-1 

5.4.1 Significance Criteria..................................................................................................... 5.4-1 
5.4.2 Determination Threshold ............................................................................................ 5.4-2 
5.4.3 Data and Assumptions ................................................................................................ 5.4-2 
5.4.4 Direct Effects Common to all Bioregions From Implementing the  

Program and Alternatives ........................................................................................... 5.4-6 
5.4.5 Indirect Effects of Implementing the Program/Alternatives ...................................... 5.4-15 
5.4.6 Determination of Significance..................................................................................... 5.4-15 
5.4.7 Similar Effects Described Elsewhere ........................................................................... 5.4-16 

5.5 Effects of Program/Alternative Implementation on Biologic Resources .............................. 5.5-1 
5.5.1 Aquatic Resources ....................................................................................................... 5.5-1 
5.5.2 Wildlife Resources ....................................................................................................... 5.5-9 
5.5.3 Vegetation ................................................................................................................... 5.5-72 
5.5.4 Invasive Non-native Plants .......................................................................................... 5.5-112 

5.6 Effects of Program/Alternative Implementation on Air Quality ........................................... 5.6-1 



Table of Contents 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  vi 

 

5.6.1 Significance Criteria..................................................................................................... 5.6-1 
5.6.2 Determination Threshold ............................................................................................ 5.6-1 
5.6.3 Data and Assumptions ................................................................................................ 5.6-2 
5.6.4 Direct Effects Common to all Bioregions From Implementing the  
 Program/ Alternatives ................................................................................................. 5.6-6 
5.6.5 Bioregion Specific Direct Effects of Implementing the Program/  
 Alternatives ................................................................................................................. 5.6-15 
5.6.6 Indirect Effects of Implementing the Program/Alternatives ...................................... 5.6-17 
5.6.7 Determination of Significance..................................................................................... 5.6-17 
5.6.8 Similar Effects Described Elsewhere ........................................................................... 5.6-18 
5.6.9 Mitigation Measures for the Proposed Program ........................................................ 5.6-18 

5.7 Effects of Program/Alternative Implementation on Water Resources  ................................ .5.7-1 
5.7.1 Significance Criteria..................................................................................................... .5.7-1 
5.7.2 Determination Threshold ............................................................................................ .5.7-1 
5.7.3 Data and Assumptions ................................................................................................ .5.7-2 
5.7.4 Direct Effects Common to all Bioregions from Implementing the Program/  

Alternatives ................................................................................................................. .5.7-6 
5.7.5 Bioregion Specific Direct Effects of Implementing the Program/ Alternatives  

on Water Quality ......................................................................................................... 5.7-14 
5.7.6 Indirect Effects of Implementing the Program/Alternatives on Water Quality ......... 5.7-15 
5.7.7 Similar Effects Described Elsewhere ........................................................................... 5.7-15 
5.7.8 Determinations Regarding Water Quality .................................................................. 5.7-15 
5.7.9 Mitigation Measures for the Proposed Program ........................................................ 5.7-17 

5.8 Effects of Program/Alternative Implementation on Prehistoric, Historic, Ethnographic, 
& Paleontological Resources ................................................................................................. 5.8-1 
5.8.1 Significance Criteria..................................................................................................... 5.8-1 
5.8.2 Determination Threshold ............................................................................................ 5.8-2 
5.8.3 Data and Assumptions ................................................................................................ 5.8-2 
5.8.4 Direct Effects Common to all Bioregions From Implementing the Program/  
 Alternatives ................................................................................................................. 5.8-5 
5.8.5 Indirect Effects of Implementing the Program/Alternatives ...................................... 5.8-14 
5.8.6 Determination of Significance..................................................................................... 5.8-15 

5.9 Effects of Program/Alternative Implementation on Population and Housing...................... 5.9-1 
5.9.1 Significance Criteria..................................................................................................... 5.9-1 
5.9.2 Determination Threshold ............................................................................................ 5.9-1 
5.9.3 Data and Assumptions ................................................................................................ 5.9-1 
5.9.4 Direct and Indirect Effects of Implementing the Program/Alternatives .................... 5.9-1 
5.9.5 Determinations Regarding Population and Housing .................................................. 5.9-1 

5.10 Effects of Program/Alternative Implementation on Transportation/Traffic ........................ 5.10-1 
5.10.1 . Significance Criteria ................................................................................................... 5.10-1 
5.10.2 Determination Threshold .......................................................................................... 5.10-1 
5.10.3 Direct Effects Common to all Bioregions From Implementing the Program or  
 Alternatives................................................................................................................ 5.10-1 



Table of Contents 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  vii 

 

5.10.4 Bioregion Specific Direct Effects of Implementing the Program/Alternatives ......... 5.10-3 
5.10.5 Indirect Effects of Implementing the Program/Alternatives .................................... 5.10-3 
5.10.6 Determination of Significance ................................................................................... 5.10-3 
5.10.7 Similar Effects Described Elsewhere ......................................................................... 5.10-4 
5.10.8 Mitigation Measures for the Proposed Project ......................................................... 5.10-4 

5.11 Effects of Program/Alternative Implementation on Utilities and Energy  ............................ 5.11-1 
5.11.1 Significance Criteria ................................................................................................... 5.11-1 
5.11.2 Determination Threshold .......................................................................................... 5.11-1 
5.11.3 Data and Assumptions ............................................................................................... 5.11-1 
5.11.4 Direct Effects Common to all Bioregions from Implementing the Program/ 
 Alternatives................................................................................................................ 5.11-1 
5.11.5 Determination of Significance ................................................................................... 5.11-2 
5.11.6 Mitigation Measures for the Proposed Project ......................................................... 5.11-2 

5.12 Effects of Program/Alternative Implementation on Noise ................................................... 5.12-1 
5.12.1 Significance Criteria ................................................................................................... 5.12-1 
5.12.2 Determination Threshold .......................................................................................... 5.12-1 
5.12.3 Data and Assumptions ............................................................................................... 5.12-2 
5.12.4 Direct Effects Common to all Bioregions From Implementing the Program/  
 Alternatives................................................................................................................ 5.12-3 
5.12.5 Bioregion-Specific Direct Effects of Implementing the Program/ Alternatives ........ 5.12-7 
5.12.6 Indirect Effects of Implementing the Program/Alternatives .................................... 5.12-7 
5.12.7 Determination of Significance ................................................................................... 5.12-7 
5.12.8 Similar Effects Described Elsewhere ......................................................................... 5.12-8 
5.12.9 Mitigation Measures for the Proposed Project ......................................................... 5.12-8 

5.13 Effects of Program/Alternative Implementation on Visual\Aesthetic Resources  ............... 5.13-1 
5.13.1 Significance Criteria ................................................................................................... 5.13-1 
5.13.2 Determination Threshold .......................................................................................... 5.13-1 
5.13.3  Data and Assumptions ............................................................................................... 5.13-1 
5.13.4 Direct and Indirect Effects of Implementing the Program/Alternatives ................... 5.13-2 
5.13.5 Effects of Alternatives ............................................................................................... 5.13-4 
5.13.6 Determinations Regarding Visual/Aesthetic Resources ............................................ 5.13-4 

5.14 Effects of Program/Alternative Implementation on Recreation ........................................... 5.14-1 
5.14.1 Significance Criteria ................................................................................................... 5.14-1 
5.14.2 Methodology ............................................................................................................. 5.14-1 
5.14.3 Determination Threshold .......................................................................................... 5.14-1 
5.14.4 Data and Assumptions ............................................................................................... 5.14-2 
5.14.5 Direct Effects Common to all Bioregions From Implementing the Program/ 
 Alternatives................................................................................................................ 5.14-2 
5.14.6 Bioregion-Specific Direct Effects of Implementing the Program/  
 Alternatives................................................................................................................ 5.14-3 
5.14.7 Indirect Effects of Implementing the Program/Alternatives .................................... 5.14-4 
5.14.8 Bioregion-Specific Indirect Effects of Implementing the Program/Alternatives ...... 5.14-4 
5.14.9 Determination of Significance ................................................................................... 5.14-4 



Table of Contents 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  viii 

 

5.14.10 Similar Effects Described Elsewhere ........................................................................ 5.14-5 
5.14.11 Mitigation Measures for the Proposed Project ....................................................... 5.14-5 

5.15 Effects of Program/Alternative Implementation on Geology and Soils ................................ 5.15-1 
5.15.1 Significance Criteria ................................................................................................... 5.15-1 
5.15.2  Thresholds of Determination .................................................................................... 5.15-1 
5.15.3  Methodology ............................................................................................................. 5.15-1 
5.15.4  Direct Effects Common to all Bioregions From Implementing the  

Program/Alternatives ................................................................................................ 5.15-4 
5.15.5  Bioregion Specific Direct Effects of Implementing the Program/ 

Alternatives................................................................................................................ 5.15-18 
5.15.6  Indirect Effects of Implementing the Program/Alternatives ..................................... 5.15-19 
5.15.7  Determination of Significance ................................................................................... 5.15-19 
5.15.8  Similar Effects Described Elsewhere ......................................................................... 5.15-20 
5.15.9  Mitigation Measures for the Proposed Project ......................................................... 5.15-20 

5.16 Effects of Program/Alternative Implementation Associated With Hazardous Materials ..... 5.16-1 
5.16.1 Significance Criteria ................................................................................................... 5.16-1 
5.16.2 Determination Threshold .......................................................................................... 5.16-1 
5.16.3 Data and Assumptions ............................................................................................... 5.16-2 
5.16.4 Direct Effects Common to all Bioregions From Implementing the 

Program/Alternatives ................................................................................................ 5.16-2 
5.16.5 Bioregion-Specific Direct Effects of Implementing the Program/Alternatives ......... 5.16-5 
5.16.6 Determination of Significance ................................................................................... 5.16-5 
5.16.7 Similar Effects Described Elsewhere ......................................................................... 5.16-6 
5.16.8 Mitigation Measures for the Proposed Project ......................................................... 5.16-6 

5.17 Effects of Program/Alternative Implementation Associated with Herbicides ...................... 5.17-1 
5.17.1  Chemical Use Considerations for the Proposed Program and Alternatives ............. 5.17-3 
5.17.2  Direct Effects from Implementing the Proposed Program and Alternatives ............ 5.17-33 
5.17.3  Indirect Effects from Implementing the Proposed Program and Alternatives ......... 5.17-276 
5.17.4  Uncertainties and Unknowns .................................................................................... 5.17-287 
5.17.5  Effects in Relation to Proposed Program Goals ........................................................ 5.17-289 
5.17.6  Effects from Off-program Herbicide Treatments ...................................................... 5.17-289 
5.17.7  Disposal of Chemicals ................................................................................................ 5.17-290 
5.17.8  Approval Process for Future Chemicals ..................................................................... 5.17-291 
5.17.9  Summary of Effects .................................................................................................... 5.17-291 
5.17.10 Significance Determination ...................................................................................... 5.17-312 
5.17.11 Mitigation Measures ................................................................................................ 5.17-313 

5.18 Significant Effects that Cannot be Avoided (CCR 15126.2(b)) ............................................... 5.18-1 
5.19 Significant Irreversible Environmental Changes (CCR 15126.2(c)) ........................................ 5.19-1 
5.20 Growth Inducing Impacts (CCR 15126.2(d)). ......................................................................... 5.20-1 
Literature Cited ............................................................................................................................... 5-a 

 
 



Table of Contents 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  ix 

 

Chapter 6  Cumulative Effects Analysis 
6.0  Introduction ........................................................................................................................... 6-1 
6.1  Regulatory Framework ........................................................................................................... 6-2 
6.2  Past, Present and Future Projects .......................................................................................... 6-4 

6.2.1 Past Projects .............................................................................................................. 6-5 
6.2.2 Current Projects ......................................................................................................... 6-18 
6.2.3 Future Projects .......................................................................................................... 6-19 

6.3 Watershed Potential Benefit and Constraints GIS Model (Future Condition) ....................... 6-21 
6.4 Cumulative Effects Evaluation by Resource Topic .................................................................. 6-21 

6.4.1 Cumulative Effects – Water Resources ..................................................................... 6-21 
6.4.2 Cumulative Effects – Soils and Geology .................................................................... 6-35 
6.4.3 Cumulative Effects – Wildfire Severity and Extent .................................................... 6-39 
6.4.4 Cumulative Effects – Air Quality ................................................................................ 6-40 
6.4.5 Cumulative Effects – Archeological and Cultural Resources ..................................... 6-47 
6.4.6 Cumulative Effects – Visual / Aesthetic Resources ................................................... 6-49 
6.4.7 Cumulative Effects – Noise ........................................................................................ 6-50 
6.4.8 Cumulative Effects – Transportation ......................................................................... 6-52 
6.4.9 Cumulative Effects – Population and Housing  ......................................................... 6-53 
6.4.10 Cumulative Effects – Recreation ............................................................................... 6-54 
6.4.11 Cumulative Effects – Biological Resources ................................................................ 6-56 

6.5 Cumulative Effects Summary .................................................................................................. 6-89 
Literature Cited ............................................................................................................................... 6-a 

 
Chapter 7 Monitoring  

7.0 Introduction and Description of Proposed Program Monitoring ........................................... 7-1 
7.1 Implementation Monitoring ................................................................................................... 7-3 
7.2 Mitigation Monitoring  ............................................................................................................ 7-4 
Literature Cited ............................................................................................................................... 7-a 

 
Chapter 8 Environmental Checklist  

  ................................................................................................................................................. 8-1 

 
Chapter 9 Public Scoping 

9.0 Initial Scoping .......................................................................................................................... 9-1 

 
Chapter 10 List of Preparers & Individuals/Organizations Consulted 
 List of Individuals Involved in Preparing the EIR ................................................................... 10-1 
 List of Individuals/Organizations Consulted During the Preparation of the EIR ................... 10-1 
 
 



Table of Contents 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  x 

 

 Appendices 
Glossary ............................................................................................................................................. i 
Appendix A, Spatial Modeling of Landscape Potential for the Vegetation Treatment Program ...... A-1 
Appendix B, Special Status Taxa and CNPS Listed Plants .................................................................. B-1 
Appendix C, Herbicide Descriptions .................................................................................................. C-1 
Appendix D, Adjuvants ...................................................................................................................... D-1 
Appendix E, How to Read a Pesticide Label ...................................................................................... E-1 
Appendix F, 2, 4-D Label .................................................................................................................... F-1 
Appendix G, 2, 4-D Material Safety Data Sheet ................................................................................ G-1 
Appendix H, Guidelines for Herbicide Use ........................................................................................ H-1 
Appendix I, Principle Bioregional Ecosystem Drivers ........................................................................ I-1 
 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xi 
Vegetation Treatment Program 
Draft Environmental Impact Report 

LIST OF FIGURES 
 
Figure 1.1 Vegetation Treatment Program Fire Threat 
Figure 1.2 Non-Shaded Fuel Break 
Figure 1.3 Before and After Shaded Fuel Break 
Figure 1.4 Before and After Fuel Management Zone 
Figure 1.5 Before and After Defensible Space 
 
Figure 2.1 Bioregions 
Figure 2.2 Land Cover on Program Area 
Figure 2.3 Prescribed Burn of Chaparral in Southern California 
Figure 2.4 Examples of Prescribed Burning to Create Fuel Break 
Figure 2.5 Chain behind bulldozer 
Figure 2.6 Mastication 
Figure 2.7 Hand Fuel Break 
Figure 2.8 Goats Maintaining Fuel Break 
Figure 2.9 Ground Application of Herbicides 
Figure 2.10 California Fire Safe Councils 
 
Figure 4.1.1 Primary Rangeland by Vegetation Cover Type 
Figure 4.1.2 California forest lands by bioregion 
Figure 4.1.3 North Coast/Klamath Bioregion 
Figure 4.1.4 Modoc Bioregion 
Figure 4.1.5 Sacramento Valley Bioregion 
Figure 4.1.6 Bay Delta Bioregion 
Figure 4.1.7 Sierra Bioregion 
Figure 4.1.8 San Joaquin Valley Bioregion  
Figure 4.1.9 Central Coast Bioregion 
Figure 4.1.10 Mojave Bioregion 
Figure 4.1.11 South Coast Bioregion 
Figure 4.1.12 Colorado Desert Bioregion 
 
Figure 4.2.1 Wildfire Trends 
Figure 4.2.2 Annual area burned in California from 1950 – 2010 
Figure 4.2.3 Percent of area burned by decade and vegetation life form, 1950 -2008 
Figure 4.2.4 Wildfire acres and dollar damage for fires in CAL FIRE jurisdiction 
Figure 4.2.5 Trend in the cost of fire protection 
Figure 4.2.6 Fire Rotation 
Figure 4.2.7 Potential Fire Behavior 
Figure 4.2.8 Threat of Wildfire 
Figure 4.2.9 Condition Class 

 
Figure 4.4.1 Greenhouse Gas Emissions 
Figure 4.4.2 Economic sector contributions to greenhouse gases in California 
Figure 4.4.3 Composition of climate change pollutants in California 
Figure 4.4.4 Predicted change in California annual mean temperature 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xii 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Figure 4.4.5 Ecological Units for California 
Figure 4.4.6 Vegetation distribution under current conditions and under two different climate change  
                       scenarios 
Figure 4.4.7 Change in areal extent of major vegetation types projected by 2070–2099 
Figure 4.4.8 Priority landscape maps depicting ecosystem threats to forest carbon 
Figure 4.4.9 California’s climate change emissions and targets 
 
Figure 4.5.1 Coastal Anadromy Zone 1 
 
Figure 4.5.2 Plant and animal diversity and canopy closure 
 
Figure 4.5.3.1 Land Cover of California 
Figure 4.5.3.2 Area of Conifer Forest by tree size and canopy closure 
Figure 4.5.3.3 Area of Hardwood Forest and Woodland by tree size and canopy closure 
Figure 4.5.3.4 Old-growth by forest type in California 
Figure 4.5.3.5 Late successional forests by ownership and management class 
Figure 4.5.3.6 Percent of primary rangelands by land cover class 
Figure 4.5.3.7 Percent of primary rangeland by ownership, 1997 
Figure 4.5.3.8 Percent of primary rangelands in public and private ownership by land cover class 
Figure 4.5.3.9 Projected rangeland development by bioregion, 2000-2040 
 
Figure 4.5.4.1 Diversity of Invasive Species 
Figure 4.5.4.2 Ecological Impact of Invasive Species  
 
Figure 4.6.1 Air Basins within California  
Figure 4.6.2 Carbon monoxide (CO) emissions 
Figure 4.6.3 Estimated PM10 (Particulate Matter) emissions 
Figure 4.6.4 Estimated PM2.5 (Particulate Matter) emissions 
Figure 4.6.5 Mandatory Class 1 Federal Areas 
 
Figure 4.7.1 Hydrologic Regions for California 
 
Figure 4.9.1 Historic and projected population growth in California, 1850-2050 
Figure 4.9.2 Projected rate of county population increase (2000-2020) 
Figure 4.9.3 Projected rate of population increase by county-based bioregion (2010-2020) 
Figure 4.9.4 Year-over Change in Employment 2001-2008 
Figure 4.9.5 Employment, Job Growth, and Average Annual Wage 2001-2008 
 
Figure 4.10.1 Condition of Rural Roads in California 
Figure 4.11.1 California’s Major Electric Transmission Lines 
Figure 4.11.2 California dams and their power status 
Figure 4.11.3 Percent of electric generation by fuel types in California (2001) 
Figure 4.11.4 Percent of statewide annual total power generation for sources associated with forests  
                         and rangelands, 1991-2001 
Figure 4.11.5 Hydroelectric plant capacity on California rivers  
Figure 4.11.6 Conceptual Framework 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xiii 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Figure 4.11.7 Percentage area of land cover classes, statewide 
Figure 4.11.8 Ownership 
Figure 4.11.9 Gross Potential Area 
Figure 4.11.10 Forest and shrublands technically available for biomass production 
Figure 4.11.11 Fire Threat Treatment Area  
Figure 4.11.12 California Fuels market by Category (1980-2008) 
Figure 4.11.13 Operational biomass facilities in California 
 
Figure 4.13.1 Example of the visual changes to an area following a Fuel Reduction project near Pollock     
           Pines, California in 2003 
 

Figure 4.15.1 Geologic time periods across California 
 
Figure 4.17.1 Pesticide Use in California for all Land Uses (2010) 
Figure 4.17.2 County based bioregions for California 
 
Figure 5.2.1 Wildfire Occurrence by Watershed 
 
Figure 5.8.1 Flow chart review process for cultural resources for CAL FIRE projects 
 
Figure 6.2.1 Average annual grazing capacity (AUM per acre) by primary rangeland cover class 
Figure 6.2.2 Number of AUMs on BLM lands with grazing permits and leases, 1996-2000 
Figure 6.2.3 Number of AUMs on USFS lands with grazing permits, 1980-2000 
Figure 6.2.4 Grazing capacity by Management Landscape class and total grazing use, available rangelands 
 
Figure 6.4.1 2010 303(d) listed impaired waterbodies  
 
Figure A.1 Graphic showing the basic logic and generic data inputs used for the landscape-based Relative Risk   

Rating assessment 
Figure A.2 The percentage of Calwater planning watershed (PWS) units of VTP jurisdiction 
Figure A.3 Relative Risk is the final result map of the benefit potential / opportunity GIS model, combining 

wildfire hazard level and concentration of values at risk by Calwater planning watershed 
Figure A.4 The Wildfire Hazard Rating map combines three maps by Calwater Planning Watershed: the 

Number of Times Burned since 1950, Fire Regime Condition Class and Fuel Ranking   
Figure A.5 The Values at Risk map combines two maps by Calwater Planning Watershed: the Social/Economic 

Concerns and the Natural/Cultural Resource Concerns  
Figures A.6a and A.6b Rankings of the first two of three inputs to Wildfire Hazard Rating: Times Burned since 

1950, and Fire Regime Condition Class 
Figure A.6c The third of three inputs to the Wildfire Hazard Rating: Fuel Ranking 
Figure A.7 Evaluation of Social/Economic Concerns, which combines Infrastructure Values (Figure A.9a) and 

Natural Resource Commodities Values (Figure A.7b) 
Figure A.8 The final result for Natural and Cultural Resource Concerns  
Figures A.9a and A.9b Maps of final results of Infrastructure Values and Natural Resource Commodity Values 

on VTP jurisdiction lands, which combined to created Social/Economic Concerns (Figure A.5) 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xiv 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Figure A.10 Map of the final results of Environmental Services Values, the sole input to Natural/Cultural 
Resource Concerns 

Figures A.11a and A.11b The first two (of four) inputs to the evaluation of Infrastructure Values (Figure A.9a): 
Wildland-Urban Interface Assets, and (combined) Power Lines and Rural Highways Assets 

Figures A.11c and A.11d Inputs 3 and 4 (of four) to the evaluation of Infrastructure Values (Figure A.9a): 
Presence of Hydroelectric Assets and Municipal Water Supply Assets. Combined highway and 
power line infrastructure rankings ranged from one (low importance) to 3 (high importance) by 
PWS. 

Figures A.12a and A.12b First and second of the four inputs to the Natural Resource Commodity evaluation: 
Merchantable Timber Assets and Livestock Forage Assets, weighted 43% and 7% respectively of the 
composite result 

Figures A.12c and A.12d Maps of the data inputs 3 and 4 (of four) to Natural Resource Commodity 
evaluation: Water Production Assets and Recreational Assets, weighted 36% and 14% of the final 
result 

Figures A.13a and A.13b Data inputs 1 and 2 (of five) to the Environmental Services evaluation (Figure A.10): 
Forest Structure Assets (large trees) and Soil Erosion Potential 

Figures A.13c and A.13d Data inputs 3 and 4 (of five total) to the Environmental Services evaluation, Ranked 
Air Quality PM-10 Non-attainment PWS, and Ranked Total Habitat Capability for vertebrates. 

Figure A.13e The 5th of 5 inputs to the Environmental Services evaluation, showing the Number of Species 
Listed in the California Natural Diversity Database (CNDDB) 

Figure A.14 Generalized graphic of the GIS Potential Constraints Model 
Figures A.15a through A.15d Potential Constraints on Prescribed Burning treatments in the Proposed 

Program and Alternatives 1 through 3 
Figures A.15e Potential Constraints on Prescribed Burning treatments by Alternative 4 
Figures A.16a and A.16b Potential Constraints on Mechanical treatments in the Proposed Program and in 

Alternatives 1 through 4. Alternative 3 which emphasizes water quality values, showed higher 
constraints on heavy machinery mainly from steep slopes. 

Figures A.17a and A.17b Potential Constraints on Herbicide treatments by the Proposed Program and 
Alternatives 1, 3, and 4, as well as Alternative 2 

Figures A.18a and A.18b Potential Constraints on Manual and Biological (Grazing) treatments. The maps 
portray the results from the Proposed Program and all Alternatives – low constraints on these 
treatment practices across all watersheds in all bioregions of the state. 

 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xv 
Vegetation Treatment Program 
Draft Environmental Impact Report 

LIST OF TABLES 
 

Table ES.1 Comparison of Proposed Program and Alternatives 
Table ES.2 Comparison of the environmental impacts to resources of implementing the Proposed      
      Program or the Alternatives 
Table ES.3 Goal achievement due to implementing the Proposed Program or the Alternatives 
Table ES.4 Special Status species and mitigation measures that will be implemented to reduce             
      impacts from the Program to less than significant 
 
Table 1.1 CAL FIRE Vegetation Treatment Program guidance documents 
 
Table 2.1 Vegetation Status in Program 
Table 2.2 Acres in Proposed Program by life form, protection area and bioregion 
Table 2.3 Proposed Program treatable (low Constraint) Landscape by bioregion and treatment type 
Table 2.4 Proposed Program treatment acreage by bioregion 
Table 2.5 Number of VTP Projects per 10 year period by bioregion and treatment type 
 
Table 3.1 Alternative landscape and treatment comparison 
Table 3.2 Alternative 1 treatable landscape by bioregion and treatment type 
Table 3.3 Alternative 1 (status quo) 10-year treatment acreage by bioregion 
Table 3.4 Alternative 2 treatable (low constraint) landscape by bioregion and treatment type 
Table 3.5 Alternative 2 proposed treatment acreage by bioregion 
Table 3.6 Alternative 3 treatable (low constraint) landscape by bioregion and treatment type 
Table 3.7 Alternative 3 proposed treatment acreage by bioregion 
Table 3.8 Alternative 4 treatable (low Constraint) Landscape by bioregion and treatment type 
Table 3.9 Alternative 4 proposed treatment acreage by bioregion 
Table 3.10 Comparison of Proposed Program and Alternatives 
Table 3.11 Comparison of the environmental Impacts to resources of implementing the Proposed    
      Program or the Alternatives 
Table 3.12 Summary of potential adverse and beneficial cumulative effects at project or bioregional  
      scales of assessment 
Table 3.13 Goal achievement due to implementing the Proposed Program or the Alternatives 
 
Table 4.1.1 Area of land cover type by owner group 
Table 4.1.2 California Land Management 
Table 4.1.3 California rangeland area by management 
Table 4.1.4 Area of Forest Land by classification and Resource Area 
Table 4.1.5 Area of Timberland by ownership and FIA Resource Area 
 
Table 4.2.1 Average annual acres burned and percent of habitats burned by wildfire in 1996-2005   
       on state direct protection areas by vegetation type and VTP geographic region 
Table 4.2.2 Area of Potential Fire Behavior 
Table 4.2.3 Statewide Fire Threat 
Table 4.2.4 Condition Class Status 
Table 4.2.5 Percent of timberland area by Fire Threat Class 
Table 4.2.6 Area of wildland urban interface by density class and percent area by fire threat, 2010 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xvi 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Table 4.2.7 Number of housing units in the wildland urban interface by density class and percent of housing 
units by fire threat, 2010 

Table 4.2.8 Fire Benefits from Vegetation Treatment 
Table 4.2.9 WUI Treatments and Estimated Cost 
 
Table 4.4.1 Climate change impacts in the forest sector 
Table 4.4.2 Climate Threat Index: Deviation of Climate Variables by Ecological Unit 
Table 4.4.3 Summary of percentage change in species range for two global climate models 
Table 4.4.4 Results for all California forestlands 
Table 4.4.5 Summary of the acres of medium and high priority landscape by bioregion 
Table 4.4.6 Resources Agency strategies to reduce greenhouse gases emissions 
 
Table 4.5.1 Habitat Type and Land Ownership North Coast/Klamath Bioregion 
Table 4.5.2 Habitat Type and Land Ownership Central Coast Bioregion 
Table 4.5.3 Habitat Type and Land Ownership South Coast Bioregion 
Table 4.5.4 Habitat Type and Land Ownership Sacramento Valley Bioregion 
Table 4.5.5 Habitat Type and Land Ownership San Joaquin Valley Bioregion 
Table 4.5.6 Habitat Type and Land Ownership BayDelta Bioregion 
Table 4.5.7 Habitat Type and Land Ownership Modoc Bioregion 
Table 4.5.8 Habitat Type and Land Ownership Sierra Bioregion 
Table 4.5.9 Habitat Type and Land Ownership Mojave Bioregion 
Table 4.5.10 Habitat Type and Land Ownership Colorado Desert Bioregion 
 
Table 4.5.2.1 Bird Population Trend Estimates from 1966 to 2009 
Table 4.5.2.2 Cumulative number of officially listed taxa, 1987 to 2010 
Table 4.5.2.3 Characteristics of common natural communities authorized for treatment under the      
          VMP 
Table 4.5.2.4 Rare natural plant communities and occurrence by plant community 
 
Table 4.5.3.1 Area of land cover classes by major ownership 
Table 4.5.3.2 Area of forest and rangeland California Wildlife Habitat Relationship types by owner 
Table 4.5.3.3 Percent of Conifer Forest by tree size and canopy closure 
Table 4.5.3.4 Percent area of Hardwood Forest and Woodland by tree size and canopy closure 
Table 4.5.3.5 Area of Hardwood CWHR types and percent total hardwood area by bioregion 
Table 4.5.3.6 Statewide area of old-growth by ownership 
Table 4.5.3.7 Area of primary rangeland by ownership and CWHR type 
Table 4.5.3.8 Area of primary rangelands by major ownership and bioregion 
Table 4.5.3.9 Changes in rangeland area or vegetation reported by various monitoring methods 
Table 4.5.3.10 Projected rangeland development in California, 2000 to 2040 
 
Table 4.6.1 Air Quality Districts by Air basin 
Table 4.6.2 Average annual emissions from wildfires in California (2008) 
Table 4.6.3 2005 Estimated Annual Average Emissions and Percent of Total State Emissions 
Table 4.6.4 Emission factors in lbs/ton of fuel consumed by fuel component for wet, moderate, and dry burn 

conditions 
Table 4.6.5 Air Quality Attainment Status (State Standards) 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xvii 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Table 4.6.6 Air Quality Attainment Status (Federal Standards) 
Table 4.6.7 Air Quality Standards 
 
Table 4.7.1 California Watershed Variability 
Table 4.7.2 Principal Rivers in Program Area by Region 
Table 4.7.3 Statewide summary of impaired waterbodies listed by source category 
Table 4.7.4 Water Quality Concerns for High Priority Watersheds 
Table 4.7.5 Impaired water bodies (streams) 
Table 4.7.6 Impaired water bodies (Lakes, Bays, Estuaries… ) 
 
Table 4.9.1 Past population growth in California by bioregion and county (2000 - 2010) 
Table 4.9.2 Top ten fastest growing counties (2000 – 2010) and percentage forest and rangeland 
Table 4.9.3 Percentage change of the top ten fastest growing California cities (2000 – 2010) 
Table 4.9.4 Projected population growth by bioregion and county (2010-2020) 
Table 4.9.5 Acres by housing density and land use classes (2010) 
 
Table 4.10.1 Extent of transportation system by bioregion 
Table 4.10.2 California Public Road Length, Miles by Functional System 
Table 4.10.3 Trends in Statewide Road Supply and Traffic Demand 
 
Table 4.11.1 Length of transmission lines by bioregion 
Table 4.11.2 Length of transmission lines by ownership 
Table 4.11.3 Gross system electricity production by resource type 
Table 4.11.4 Megawatt production from online power plants by bioregion and plant type, 2001 
Table 4.11.5 Percentage of megawatt production from online power plants by plant type, 2001 
Table 4.11.6 Current estimate for gross and technically available biomass 
Table 4.11.7 Estimated annual FTTA availability in millions 
Table 4.11.8 Estimated potential capacity by non-merchantable availability type 
 
Table 4.12.1 Decibel Levels for Common Noise Sources 
Table 4.12.2 Active Timber Harvest Site Equipment and Activity Noise Level Measurements 
 
Table 4.13.1a Highway Miles by Bioregion 
Table 4.13.1b Miles of Scenic Road and the Associated Viewshed Area by Bioregion 
 
Table 4.14.1 Public land available for wildland recreation 
Table 4.14.2 Visits, Recreational Visitor Days, and area by public outdoor recreation provider 
Table 4.14.3 Percent of Ownership of Campgrounds, By Bioregion 2001-2009 
Table 4.14.4 Use per acre for selected redwood parks 
Table 4.14.5 Representative State Parks in Geographic Regions Included in the Proposed Program 
Table 4.14.6 Visits on selected California Department of Parks and Recreation parks considered to be  
                      forests and rangelands by bioregion and statewide, 2001-2009 
Table 4.14.7 Major Recreational Activities on National Forests in California 
Table 4.14.8 Acres of National Wildlife Refuges by Bioregion 
 
Table 4.15.1 Geologic Provinces of California 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xviii 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Table 4.15.2 Summary of the percentage of dominant soils order by bioregion 
Table 4.15.3 Total annual grazing capacity on available primary rangeland cover types 
Table 4.15.4 Area of timberland by site class and resource area, 1994 
Table 4.15.5 Soil surface conditions affect on infiltration and runoff 
Table 4.15.6 Event-based sediment yields from debris flows due to wildfires 
Table 4.15.7 Summary of post-fire erosion potential by bioregion 
Table 4.15.8 Field indicators of existing landslides and areas with high landslide potential 
 
Table 4.16.1 Summary of Effects from the Use of Retardants on USFS Lands 
Table 4.16.2 Types of Environmental Impacts from Retardants, Foam and Water Enhancers 
 
Table 4.17.1 Herbicide products names that contain Sulfometuron-Methyl and have been documented by 

Dept. of Pesticide Regulation as being used on forest lands in California 
Table 4.17.2 Herbicide products names that contain Imazapyr-Isopropylamine Salt and have been 

documented by Department of Pesticide Regulation as being used on Forest lands in California 
Table 4.17.3 Forestry Herbicides (Active Ingredient and Adjuvants) Used During 2008 
Table 4.17.4 Range Herbicides (Active Ingredient and Adjuvants) Used During 2008 
Table 4.17.5 Trends in Pesticide Use from 2008-2000  
Table 4.17.6 Summary of Herbicide Use on Forest and Rangelands for 2010 
Table 4.17.7a Amount of herbicide use on USFS lands summarized by Bioregion for 2008 
Table 4.17.7b Amount area treated with herbicides on USFS lands summarized by Bioregion for 2008 
Table 4.17.8 Amount of Herbicides Applied on BLM Lands from 2006-2008 

 Table 4.17.9 Active Ingredients and Adjuvants Used in Forest and Rangelands in California 
Table 4.17.10 Herbicide Use on Forest Lands by County 
Table 4.17.11 Herbicide Use on Rangelands by County 
 
Table 5.0.1 Proposed treatment acreage during first decade of Program or Alternatives 
Table 5.0.2 WHR types by WHR lifeform and disturbance type 
Table 5.0.3 Expected treatment outcomes by treatment type and fire regime type 
Table 5.0.4 Proposed Program potential annual treatments by disturbance type by bioregion 
Table 5.0.5 Proposed Program potential treatments over 10 years by disturbance type by bioregion 
Table 5.0.6 Proposed Program potential number of projects per watershed for one year of treatments 
Table 5.0.7 Proportion of watersheds within a bioregion potentially treated by Proposed Program at   
       one year and after ten years of treatments 
Table 5.0.8 Proportion of watersheds by disturbance class 
 
Table 5.2.1 Number of watersheds by percent treated and number of wildfires over last 50 years 
Table 5.2.2 Summary of effects on wildfire severity and frequency from implementing the proposed   
       program 
Table 5.2.3 Average annual acres burned by wildfire 1996-2005 by vegetative type and bioregion 
Table 5.2.4 Comparison of Average Wildfire Acres Burned Per Year to Total Acres Burned As A Result   
       of Program Implementation 
Table 5.2.5 Total average annual acres burned by Alternative by wildfire and prescribed fire by             

severity class 
 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xix 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Table 5.4.1 Summary of effects to climate from CO2 due to implementing treatments by treatment  
       type and bioregion 
Table 5.4.2 Average annual acres burned by wildfire and proposed treatment acres by WHR major  
       lifeform 
Table 5.4.3 Additional annual CO2E accretion on Program lands due to treatments 
Table 5.4.4 Acres of vegetation treated annually by prescribed fire and tons of CO2 emitted annually 
 
Table 5.5.1.1 Summary of effects on aquatic resources from implementing the Proposed Program 
 
Table 5.5.2.1 Summary of direct effects on wildlife resources from implementing the Proposed  Program 
Table 5.5.2.2 Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status  
          Wildlife in the North Coast/Klamath Bioregion 
Table 5.5.2.3 Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status  
          Wildlife in the Modoc Bioregion 
Table 5.5.2.4 Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status  
          Wildlife in the Sacramento Valley Bioregion   
Table 5.5.2.5 Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status  
          Wildlife in the Sierra Bioregion 
Table 5.5.2.6 Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status  
          Wildlife in the Bay Area/Delta Bioregion 
Table 5.5.2.7 Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status  
          Wildlife in the San Joaquin Valley Bioregion   
Table 5.5.2.8 Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status  
          Wildlife in the Central Coast Bioregion   
Table 5.5.2.9 Potential Indirect Effects at the Bioregion Level of the VTP on Selected Special-Status  
          Wildlife in the South Coast Bioregion   
Table 5.5.2.10 Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status  
            Wildlife in the South Coast Bioregion 
Table 5.5.2.11 Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status  
            Wildlife in the Colorado Desert Bioregion 
 
Table 5.5.3.1 Summary of effects on botanical resources from implementing the Proposed Program 
Table 5.5.3.2 North Coast Percentage of Total Habitat Potentially Treated in Bioregion per Decade 
Table 5.5.3.3 Modoc Percentage of Total Habitat Potentially Treated in Bioregion per Decade 
Table 5.5.3.4 Sacramento Valley Percentage of Total Habitat Potentially Treated in Bioregion per  
          Decade 
Table 5.5.3.5 Sierra Percentage of Total Habitat Potentially Treated in Bioregion per Decade 
Table 5.5.3.6 Bay Area Percentage of Total Habitat Potentially Treated in Bioregion per Decade 
Table 5.5.3.7 San Joaquin Percentage of Total Habitat Potentially Treated in Bioregion per Decade 
Table 5.5.3.8 Central Coast Percentage of Total Habitat Potentially Treated in Bioregion per Decade 
Table 5.5.3.9 Mojave Percentage of Total Habitat Potentially Treated in Bioregion per Decade 
Table 5.5.3.10 South Coast Percentage of Total Habitat Potentially Treated in Bioregion per Decade 
Table 5.5.3.11 Colorado Desert Percentage of Total Habitat Potentially Treated in Bioregion per Decade 
Table 5.5.3.12 North Coast Special Status Plants & Community Types with the Most Element  
                          Occurrences 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xx 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Table 5.5.3.13 Modoc Special Status Plants & Community Types with the Most Element  
                         Occurrences 
Table 5.5.3.14 Sacramento Valley Special Status Plants & Community Types with the Most Element  
                         Occurrences 
Table 5.5.3.15 Sierra Special Status Plants & Community Types with the Most Element Occurrences 
Table 5.5.3.16 Bay Area Special Status Plants & Community Types with the Most Element  
                         Occurrences 
Table 5.5.3.17 San Joaquin Valley Special Status Plants & Community Types with the Most Element  
                         Occurrences 
Table 5.5.3.18 Central Coast Special Status Plants & Community Types with the Most Element  
                         Occurrences 
Table 5.5.3.19 Mojave Special Status Plants & Community Types with the Most Element  
                         Occurrences 
Table 5.5.3.20 South Coast Special Status Plants & Community Types with the Most Element  
                         Occurrences 
Table 5.5.3.21 Colorado Desert Special Status Plants & Community Types with the Most Element  
                         Occurrences 
Table 5.5.3.22 Total and Decadal Treated Acres in Oak Woodlands by Bioregion 
 
Table 5.5.4.1 State-Listed Invasive Species by Lifeform & Bioregion 
Table 5.5.4.2 Summary of effects from non-native invasive species from implementing the  
                       Proposed Program 
 
Table 5.6.1 California ambient air quality standards and thresholds 
Table 5.6.2 Proposed Program treatment acreages by air basin 
Table 5.6.3 Potential emissions from vehicles/heavy equipment performing treatments statewide  
                    by the Proposed Program 
Table 5.6.4 Summary of effects on air quality from implementing the Proposed Program 
Table 5.6.5 Annual increase in tons of pollutants emitted due to implementation of the Proposed  
                    Program prescribed fire treatments compared to status quo 
Table 5.6.6 Comparison of pollutants emitted by Alternatives 1-4 prescribed fire treatments 
Table 5.6.7 Reduction in pollutants emitted by wildfire as a result of Program treatments 
Table 5.6.8 Tons of pollutants not emitted (“saved”) as a result of Proposed Program treatments 
Table 5.6.9 Comparison of tons of pollutants emitted by Proposed Program treatments and tons of  
                    pollutants “saved” by Proposed Program treatments 
Table 5.6.10 Comparison of Proposed Program annual treatment emissions to emissions “saved”  
                      on treated areas burned by wildfire 
 
Table 5.7.1 ERA treatment coefficients for surface fire regime vegetation type 
Table 5.7.2 ERA treatment coefficients for crown fire regime vegetation type 
Table 5.7.3 Summary of effects on water quality and peak flows from implementing the Proposed Program 
Table 5.7.4 Percentage of watersheds in each bioregion that fall into ERA disturbance categories for the 
                     Proposed Program 
Table 5.7.5 Percentage of watersheds in each bioregion that fall into disturbance categories for the  
                    four Alternatives 
 
 
 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xxi 
Vegetation Treatment Program 
Draft Environmental Impact Report 

 
Table 5.8.1 Summary of effects on cultural resources from implementing the Proposed Program 
Table 5.8.2 Effects from low, moderate, and high intensity fire on cultural resources 
 
Table 5.9.1 Annual projects and related workers 
 
Table 5.10.1 Summary of effects on transportation and traffic from implementing the Proposed            

Program 
 
Table 5.11.1 Summary of effects on utilities and energy from implementing the Proposed Program 
 
Table 5.12.1 Noise levels of equipment likely to be operated under Proposed Program 
Table 5.12.2 Production rates and associated noise levels for equipment used in Proposed Program 
Table 5.12.3 Summary of noise effects from implementing the Proposed Program 
Table 5.12.4 Number of projects by treatment type for Proposed Program 
 
Table 5.13.1 Aesthetic effects by treatment & disturbance type 
Table 5.13.2 Scale of adverse treatments in scenic highway viewshed 
 
Table 5.14.1 Percentage of recreational lands treated annually under Proposed Program 
Table 5.14.2 Summary of effects on recreational resources from implementing the Proposed Program 
 
Table 5.15.1 Acres potentially treated by Proposed Program during 5-year period by erosion hazard  
         rating 
Table 5.15.2 2 year 6-hour rainfall intensity 
Table 5.15.3 Slope of bioreigons and of area potentially treated in five years 
Table 5.15.4 Summary of effects on soils and geology from implementing the Proposed Program 
 
Table 5.16.1 Summary of effects on hazards and hazardous materials from implementing the          
          Proposed Program 
 
Table 5.17.1 Landscape constraints and minimum management requirements applicable to chemical    
         use 
Table 5.17.2 Chemicals proposed for use under the Proposed Program & Alternatives 
Table 5.17.3 Comparison of potential annual chemical treatments by bioregion 
Table 5.17.4 Proposed Program number of potential annual chemical treatment projects per    
         watershed 
Table 5.17.5 Proposed Program potential annual chemical treatment area by bioregion and WHR  
         lifeform 
Table 5.17.6 Proposed Program potential annual chemical treatment acres by bioregion and purpose 
Table 5.17.7 Chemical application rates proposed for use under the Program & Alternatives 
Table 5.17.8 Modes of off-site transport for chemicals proposed for use under the Program & Alternatives 
Table 5.17.9 Chemical & site parameters used in GLEAMS modeling  
Table 5.17.10 The mean number of weeks observed from the maximum herbicide concentration to the non-

detectable level  
Table 5.17.11 Mean half-life of four forestry herbicides in plant parts used by California Indians  



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xxii 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Table 5.17.12 Acute toxicity criteria used by the U.S. EPA for pesticide classification & labeling 
Table 5.17.13 Examples of U.S. EPA signal word determination 
Table 5.17.14 Acute toxicity of proposed chemicals according to the U.S. EPA 
Table 5.17.15 Acute toxicity criteria used by the WHO for pesticide hazard classification   
Table 5.17.16 Acute toxicity criteria used by the WHO for the globally harmonized system for     
            pesticide hazard classification                                           
Table 5.17.17 Acute toxicity of chemicals potentially used under the Proposed Program & Alternatives,       
           as reported by the WHO 
Table 5.17.18 Human health toxicological reference doses, target organs, and endpoints of chemicals 

proposed for use under the Program & Alternatives 
Table 5.17.19 Reproductive and developmental toxicity of chemicals proposed for use under the Proposed 

Program & Alternatives 
Table 5.17.20 Carcinogenicity and mutagenicity of chemicals proposed for use under the Program &  
            Alternatives 
Table 5.17.21 Neurotoxicity, immunotoxicity, and endocrine disruption of chemicals potentially used  
           under the Proposed Program & Alternatives 
Table 5.17.22 Metabolism, metabolites and impurities from chemicals and formulations potentially  
           used under the Proposed Program & Alternatives 
Table 5.17.23 Standard scenarios used in USDA/FS risk assessments 
Table 5.17.24 Occupational exposure rates used in Forest Service risk assessments 
Table 5.17.25 Water concentration rates of chemicals proposed for use 
Table 5.17.26 Bioconcentration factors of chemicals proposed for use as L/Kg fish 
Table 5.17.27 Reference doses (RfD) values used by the USDA/FS for proposed chemicals 
Table 5.17.28 Terrestrial wildlife acute toxicity summary 
Table 5.17.29 Aquatic organism acute toxicity summary 
Table 5.17.30 Ecological endpoints for 2,4-D acid and salts 
Table 5.17.31 Ecological endpoints for 2,4-D esters 
Table 5.17.32 Ecological endpoints for borax 
Table 5.17.33 Ecological endpoints for clopyralid 
Table 5.17.34 Ecological endpoints for less toxic glyphosate formulations 
Table 5.17.35 Ecological endpoints for more toxic glyphosate formulations 
Table 5.17.36 Ecological endpoints for hexazinone 
Table 5.17.37 Ecological endpoints for imazapyr 
Table 5.17.38 Ecological endpoints for NP9E 
Table 5.17.39 Ecological endpoints for sulfometuron methyl 
Table 5.17.40 Ecological endpoints for TCP, a metabolite of triclopyr 
Table 5.17.41 Ecological endpoints for tricloyr acid and TEA 
Table 5.17.42 Ecological endpoints for tricloyr BEE 
Table 5.17.43 Spray droplet size and potential drift distance 
Table 5.17.44 Emission potential of VTP chemicals used in 2010 in California 
Table 5.17.45 Summary of effects on human health and the environment from implementing      
           herbicide treatments in the Proposed Program 
 
Table 6.2.1 Average annual summary of past projects and percentage of disturbed acres 
Table 6.2.2 Acreage of VMP projects per year listed by CAL FIRE units 



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xxiii 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Table 6.2.3 Acreage of California forest improvement program projects per year by counties and         
       bioregions 
Table 6.2.4a Summary of acres of fuel reduction projects (treatment - fire) on federal lands, 2003 –  
         2010 
Table 6.2.4b Summary of acres of fuel reduction projects (treatment - mechanical) on federal lands,  
         2003 – 2010 
Table 6.2.5a Acres of commercial timber harvesting activities on private lands, 2001-2010 
Table 6.2.5b Acres of commercial timber harvesting activities on federal and private lands, 1995 - 2005 
Table 6.2.6 Estimated number of structures for different housing density classes by bioregion 
Table 6.2.7 Various rangeland area estimates by ownership 
Table 6.2.8 Total grazing area in range and forest categories in all ownerships, 1997 
Table 6.2.9 Total annual forage production on available primary rangelands by land cover class 
Table 6.2.10 Total annual forage production on available secondary rangelands by land cover class 
Table 6.2.11 Average annual summary of past projects and percentage of disturbed acres 
Table 6.2.12 Total acreage of projects funded under proposition 40 per year by unit 
Table 6.2.13 Total acreages of projects funded under proposition 40 by project objective 
Table 6.2.14 Expected acres treated on federal and private lands over a 10 year time frame 
 
Table 6.4.1 Summary of 303(d) listed waterbodies by hydrologic region 
Table 6.4.2a Baseline ERA values: percent of watersheds in each bioregion that fall into ERA      
         disturbance categories 
Table 6.4.2b ERA cumulative effects: percent of watersheds in each bioregion that fall into ERA           
         disturbance categories for the Proposed Program and other non-VTP sources 
Table 6.4.2c ERA cumulative effects: Alternative 1- percent of watersheds in each bioregion that fall  
         into ERA disturbance categories for the Proposed Program and other non-VTP sources 
Table 6.4.2d ERA cumulative effects: Alternative 2- percent of watersheds in each bioregion that fall  
          into ERA disturbance categories for the Proposed Program and other non-VTP sources 
Table 6.4.2e ERA cumulative effects: Alternative 3 -- percent of watersheds in each bioregion that fall  
          into ERA 
Table 6.4.2f ERA cumulative effects: Alternative 4 - percent of watersheds in each bioregion that fall  
         into ERA disturbance categories for the Proposed Program and other non-VTP sources 
Table 6.4.3 Emissions estimates for prescribed burn projects that were recorded in 2005 
Table 6.4.4 Air quality from all sources 
Table 6.4.5 Cumulative number of officially listed taxa, 1987 to 2009 
Table 6.4.6 Sources of non-point pollution in California’s impaired lakes, wetlands, and rivers, 2010 
 
Table 6.5.1 Summary of potential adverse and beneficial cumulative effects at project or bioregional  
       scales of assessment 
 
Table 7.1 CAL FIRE monitoring program 
Table 7.2 Mitigation monitoring responsibility and reporting requirements 
 
Table A.1 Main areas (by bioregion) of VTP operation 
Table A.2 Summary of relative risk ratings by major VTP area of jurisdiction 
Table A.3 Summary of constraint coefficient by Alternative, treatment practice and constraining    
                  factor or value  



List of Figures and Tables 

 
 

California Department of Forestry and Fire Protection xxiv 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Table A.4 Summary of constraints on prescribed burning treatments for the Proposed Program and 
Alternatives 1, 2, and 3 

Table A.5 Summary of constraints on prescribed burning treatments for Alternative 4 
Table A.6 Summary of constraints on mechanical treatments for Proposed Program and Alternatives 1, 2 and 

4 
Table A.7 Summary of constraints on mechanical treatments for Alternative 3 
Table A.8 Summary of constraints on herbicide treatments for Proposed Program and Alternatives 1, 3 and 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  xxv 

 

Note to Reader About How to Read and Use This EIR 
 

The purpose of an EIR is to provide the public with information about whether a specific project 
(or in this case a Program of projects) might cause a significant effect to the environment. Describing 
the environmental consequences of a program across a landscape of the scale being proposed is 
neither an easy task nor is it possible to describe in a few pages. The authors have strived to balance 
completeness with brevity so as not to overwhelm the reader with a product so imposing that few 
will bother to review the document. Nonetheless, this Programmatic EIR weighs in at over 1,000 
pages not counting the appendices.   

Because of the challenge to reviewing a document of this size, we provide the following guide to 
using the document. 

A “quick” summary of the proposed program, the alternatives to the program and the 
environmental consequences of both the program and the alternatives can be gained by reviewing 
the Executive Summary. If the reader is interested in the purpose and need for the program as well 
as the regulatory framework under which the program would operate you should read Chapter 1. 
Most readers will want to review Chapters 2 and 3, which provide a detailed description of the 
program and detailed descriptions of the alternatives. Chapter 4 describes the 38,000,000 acres of 
mostly private land that might be treated across the 100,000,000 acres of the State of California. 
Generally all private forest, range and grasslands might be treated by the State of California. Also 
within the treatable landscape are all California State Park lands.  

Chapters 5 and 6 are the meat of the document. Chapter 5 describes the environmental 
consequences that result directly from the implementation of the CAL FIRE vegetation treatment 
program. Chapter 5 is the longest chapter and is broken into seventeen subchapters, generally one 
subchapter per resource area such as air quality, water quality, noise, etc. Each subchapter has 
identical sections that are briefly described below using Section 5.15, Geology and Soils as an 
example: 

5.15 Geology and Soils – this section briefly describes the subchapter. 
5.15.1 Significance Criteria – this section describes to the reader what criteria are to be used to 

judge when an effect to geology and soils would be considered significant. 
5.15.2 Determination Threshold – this section describes to the reader how to judge the intensity of 

an effect that is: when might a treatment effect change from moderate or major, to an effect 
that is significant. 

5.15.3 Methodology, Data or Assumptions– this section describes some of the assumptions, 
methodology and data that were used in the description of the effects. 

5.15.4 Direct Effects Across all Bioregions of Implementing the Program on Geology and Soils – this 
section describes the effects of implementing the program on geology and soils that are 
common across all bioregion. 

5.15.5 Direct Effects Specific to Bioregions of Implementing the Program on Geology and Soils – this 
section describes the effects of implementing the program on geology and soils that are 
specific to each bioregion. 

5.15.6 Indirect Effects of Implementing the Program and Alternatives on Geology and Soils – this 
section describes the indirect effects of implementing the Program on Geology and Soils. 
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5.15.7 Significance Determination – this section makes a determination as to whether the effects 
described in Sections 5.15.4 to 5.15.6 are substantial enough to cross the thresholds 
described in 5.15.2 and thus be considered a significant effect as described in Section 5.15.1. 

5.15.8 Similar Effects Described Elsewhere – as this section implies there may be effects on geology 
and soils described in this subchapter that are similar to effects described elsewhere in the 
document 

5.15.9 Mitigation Measures – this section describes the measures that SHALL be taken to reduce 
adverse effects that might be significant to effects, which are clearly not significant.  

Readers interested in the cumulative effects of treatment programs being implemented by all 
land managers should definitely review Chapter 6.  

Chapter 7 describes how the program would be monitored. Chapter 7 is particularly important 
for readers wishing to understand how the project proponents would ensure that the mitigation 
measures described in chapter 5 are tracked through time. Chapter 8 describes the environmental 
checklist that will be filled out before a project could be approved and implemented. Again, readers 
interested in the mitigation measures will want to read Chapter 8 to see how the environmental 
checklist ensures that the project proponents have to “deal with” the mitigation measures. Chapter 9 
describes how public concerns were incorporated into program and alternative design. Chapter 10 
describes the people who produced all of this work.  
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Executive Summary 

 
Introduction 
 

This section presents a summary of the California State Board of Forestry and Fire Protection 
(BOF) proposal to initiate the California Statewide Vegetation Treatment Program (VTP). The 
proposed program is intended to lower the risk of catastrophic wildfires on nonfederal lands by 
reducing hazardous fuels. Such fires can result in substantial loss of life and property as well as 
multi-million dollar suppression costs. Other VTP goals include control of unwanted vegetation, 
including invasive species, improvement of rangeland for livestock grazing, improvement of fish and 
wildlife habitat, enhancement and protection of riparian areas and wetlands, and improvement of 
water quality in priority watersheds. The initiation of this program is a project, subject to California 
Environmental Quality Act (CEQA). As the CEQA lead agency, the BOF will provide policy direction 
for implementation of the VTP to the California Department of Forestry and Fire Protection (CAL 
FIRE), which administers a wide range of vegetation management programs. 
 
Purpose of the PEIR 
 

CEQA requires that all state and local government agencies consider the environmental 
consequences of projects over which they have discretionary authority before taking action on 
those projects. The purpose of this PEIR is to analyze the environmental effects of the VTP, to 
indicate ways to reduce or avoid potential environmental damage resulting from the program, and 
to identify alternatives to the proposed program. CEQA requires that each public agency mitigate or 
avoid the significant environmental effects of projects it approves or implements, whenever 
feasible. 
 
Purpose of a Program EIR 
 

A program-level EIR is prepared for an agency program or series of actions that are closely 
related projects that have not been defined, but are considered under CEQA as one collectively 
large project with similar environmental effects. CAL FIRE will serve as the lead agency under CEQA 
for implementation of the VTP. This PEIR was prepared to eliminate the need for separate EIRs for 
each project. This approach streamlines the administrative process for subsequent projects by 
assessing the cumulative impacts of the larger program and developing program-wide policies, 
guidelines, and mitigation measures that should not have to be reconsidered for individual projects. 
(State CEQA Guidelines Section 15168.)  
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Purpose and Need for the Program 
 
The purpose of the VTP (the Program) is to modify vegetation on wildlands to reduce the costs 

and losses associated with wildfires and to enhance the condition of forests, rangelands, and 
watersheds.  

 
The need for the Program is based on the fact that the wildlands of California are naturally fire 

prone. Past land and fire management practices have had the effect of increasing the intensity, rate 
of spread, as well as the annual acreage burned on these lands (BOF, 1996). Although the citizens of 
California expect these lands to provide a wide range of sustainable economic and non-economic 
benefits, the state’s expanding population increases the risk of arson or unintentional fire starts that 
jeopardize these expectations. The natural communities of plants and animals on these lands are at 
risk from catastrophic wildfire. Also at risk are the communities that interface with these wildlands, 
including those within wildland-urban interface (WUI) and rural areas. Strategic management and 
control of wildland vegetation is essential to the safety, health, recreational, and economic well-
being of California’s citizens. 

 
In recent years, the severity and intensity of wildfires in the West has increased dramatically 

from levels in the 1970s and 1980s; currently, a million or more acres across the west burn annually. 
Changes in vegetation have resulted in increases in hazardous fuels and increased threat. Much of 
this change in threat can be attributed to fire exclusion policies instituted over the past 100 years 
(Bureau of Land Management, 2005). 

 
Wildfires are becoming more intense and severe (University of California, Davis 1996) and, as 

more people move to rural areas, the potential for the loss of property and life continues to 
increase. For example, on the west slope of the Sierra Nevada, projections of risk from wildfire 
occurrence are highest in oak woodlands, chaparral, and low-elevation conifer forests (University of 
California, Davis 1996). The number of people living in these areas is projected to increase from 
600,000 in 1990 to two million people in 2040. 

 
Wildland fire is pervasive throughout California. The average annual acreage burned (by 

wildfires greater than 300 acres in size) between 1985 and 1994 was about 325,000 acres (FRAP 
2006). Between 1995 and 2004, the average annual acreage burned statewide increased to about 
471,000 acres, representing a 45% increase. Between 2004 and 2010 the average increased 
dramatically (due to the extreme fire year in 2008) to 600,000 acres, yet the last few years have 
been relatively low at around 230,000 acres. Excluding the extreme fire year of 2003, when 5,394 
structures were burned, the average number of structures burned between 2000 and 2005 is 458 
structures/year, with average structural damage of $109 million per year. Between 2005 and 2010 
the average number of structures burned on all lands in California was 1,166 with damages 
estimated at $207 million per year. ([http://bof.fire.ca.gov/incidents/ incidents_statsevents#2010] 
large fire statistics.pdf). In 2005 CAL FIRE suppression costs were $105.3 million; while costs in real 
dollars doubled in the latter half of the 1990-2005 period, increasing from a yearly average of $83.6 
million to $160.1 million (in 2005 dollars) (CAL FIRE, 2011). 

http://bof.fire.ca.gov/incidents/incidents_statsevents#2010
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While the cause and degree is controversial, climate change may already be influencing trends 
in wildland fire acreage burned. Scientists at the USDA Forest Service Pacific Northwest Forest and 
Range Experiment Station have modeled the effects of global warming on vegetation and fire 
weather in California. Current forecast models indicate that there will be an increase in grasslands, 
an increase and shift to the east and upslope of mixed evergreen hardwood forests, a decrease and 
shift to the east and upslope of conifer forests, and a decrease in oak woodlands and shrublands 
(Lenihan, 2003). Some scientists project average air temperatures to increase significantly, perhaps 
4-6° F over the next century. Precipitation will either increase or decrease, depending on the 
scenario modeled. Under wetter conditions, fuels will build up to such an extent that during drier 
summers, fires will burn with great intensity. More area will be burned than at present, but at 
irregular intervals. Under drier conditions the fire season will lengthen and fires will burn more 
frequently. Again, the area burned by wildfires will increase. Also under these projections, snow 
packs at higher elevations are expected to decrease, with resulting in earlier snowmelts, which will 
decrease streamflows earlier in the year.  
 
Goals of Program 
 

The Program has multiple goals which can be summarized below: 
 

1. Maintain and enhance forest and range land resources including forest health to benefit 
present and future generations. 

2. Modify wildland fire behavior to help reduce catastrophic losses to life and property 
consistent with public expectation for fire protection. 

3. Reduce the severity and associated suppression costs of wildland fires by altering the 
volume and continuity of wildland fuels. 

4. Reduce the risk of large, high intensity fires by restoring a natural range of fire-adapted plant 
communities through periodic low intensity vegetation treatments. 

5. Maintain or improve long term air quality through vegetation treatments that reduce the 
severity of large, uncontrolled fires that release air pollutants and greenhouse gases. 

6. Vary the spatial and temporal distribution of vegetation treatments within and across 
watersheds to reduce the detrimental effects of wildland fire on watershed health. 

7. Reduce noxious weeds and non-native invasive plants to increase desirable plant species and 
improve browse for wildlife and domestic stock. 

8. Improve wildlife habitat by spatially and temporally altering vegetation structure and 
composition, creating a mosaic of successional stages within various vegetation types. 

9. Provide a CEQA-compliant programmatic review document process/mechanism for other 
state or local agencies, which have a vegetation management program/project consistent 
with the VTP, to utilize this guiding document to implement their vegetation treatment 
programs/project. 
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Location 
 

The 38,000,000 acres that might be treated under the Proposed Program are comprised of 
about 34,958,000 acres that are either privately owned or State owned lands (e.g., Department of 
Parks and Recreation lands) that are designated as State Responsibility Area (SRA) and about 
3,000,000 acres of federal Direct Protection Area lands (DPA - lands that would normally receive fire 
protection services from CAL FIRE; however, due to efficiency of operations these lands receive fire 
protection from federal agencies according to written agreements with CAL FIRE). 
 
Proposed Program 
 

The Vegetation Treatment Program proposes to treat vegetation in order to meet the purposes 
established above. Vegetation management activities include the removal, rearrangement, or 
conversion of vegetation using various treatments. Treatment methods include prescribed fire, 
mechanical, manual, prescribed herbivory (see Glossary), and herbicide. Vegetative treatments may 
be applied singly or in any combination needed for a particular vegetation type to meet specific 
resource management objectives. The method or methods used will be those that are most likely to 
achieve the desired objectives while protecting natural resource values.  
 

The general suite of treatments likely to be initiated under the Proposed Program in any decade 
would comprise about 2.16 million acres and would include:  
 

• Prescribed fire (underburn, jackpot burn, broadcast burn, pile burn, establishment of 
control lines) – about 53% of treatments, 

• Mechanical (chaining, tilling, mowing, roller chopping, masticating, brushraking, skidding 
and removal, chipping, piling, pile burning) – about 18% of treatments, 

• Manual (hand pull and grub, thin, prune, hand pile, lop and scatter, hand plant, pile burn) – 
about 10% of treatments, 

• Prescribed herbivory (targeted grazing or browsing by cattle, horses, sheep, or goats) – 
about 10% of treatments, 

• Herbicides (ground applications only, such as backpack spray, hypohatchet, pellet dispersal, 
etc.) – about 9% of treatments.  

 
The Proposed Program would be limited by five landscape constraints that describe where the 

Program could be applied, and by 15 minimum management requirements that limit how Program 
practices would be modified to reduce impacts.  
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Alternatives 
 

In accordance with Section 15126 of the CEQA Guidelines, a draft EIR must analyze a range of 
reasonable alternatives to the proposed project that could feasibly attain the objectives of the 
project. The CEQA Guidelines provide the following direction for analysis of the alternatives: 
 

• Describe a range of reasonable and feasible alternatives to the project, or to the location of 
the project. 

• Evaluate the comparative merits of the alternatives. 
• If there is a specific proposed project, explain why other alternatives were rejected in favor 

of the proposal. 
• Focus on alternatives capable of avoiding or substantially lessening significant adverse 

environmental effects or reducing them to a level of less than significant, even if these 
alternatives would impede to some degree the attainment of the project objectives, or 
would be more costly. 

• If an alternative would cause one or more significant effects in addition to those that would 
be caused by the project as proposed, the significant effects of the alternative shall be 
discussed, but in less detail than the significant effects of the project as proposed. 

 
Given the CEQA Guidelines above, the following alternatives were developed:   

 
• Alternative 1 – Status Quo. This alternative represents the “No Project” alternative required 

by CEQA. If CAL FIRE took no further action, existing vegetation treatment programs, such as 
the VMP and California Forest Improvement Program (CFIP), would continue to operate 
using previously approved EIRs and departmental procedures. The guidance documents for 
each of the CAL FIRE programs would apply to an existing landscape that is somewhat 
smaller than the Proposed Program or Alternatives 2.  

• Alternative 2 – No Herbicide Treatments. In this alternative no herbicides would be 
prescriptively applied and procedures would be put into place that would preclude the 
department from funding vegetative treatment projects where the project applicant had 
applied herbicides at any time up to 1 year prior to the proposed project or intended to 
apply herbicides within 3 years after the proposed project.  

• Alternative 3 – Treatments that Minimize Potential Impacts to Water Quality. This 
alternative addresses potentially significant effects associated with impacts to water quality 
and to threatened and endangered wildlife, plants, and fish, by restricting the landscape 
across which certain vegetative treatments could be applied. Some of the minimum 
landscape constraints and minimum management requirements noted below would be 
enhanced to reduce impacts to water quality and to special status wildlife, plants, and fish. 
Overall, a smaller landscape would be considered for treatment. Also, there would be fewer 
mechanical and herbicide treatments and more hand treatments. 

• Alternative 4 – Treatments that Minimize Potential Impacts to Air Quality. This alternative 
addresses potentially significant effects associated with impacts to air quality, particularly in 
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Air Quality Management Districts where air quality goals for particulate matter that is 10 
microns in size (PM10), particulate matter that is 2.5 microns (PM2.5) and ozone have not 
been attained. In this alternative, substantially fewer acres would be treated with prescribed 
fire and as a result, substantially fewer acres would be treated under this alternative as a 
whole due to the higher costs of other treatments. 

 
Alternatives would be limited to landscape constraints and minimum management 

requirements similar to the Proposed Program, but tailored to meet the overall goal of the 
alternative.  
 
Comparison of Alternatives 
 

Table ES.1 (from Table 3.10) summarizes the Proposed Program and Alternative’s acreage 
treated and the landscape on which the treatments would occur. Table ES.2 (from Table 3.11) 
summarizes the environmental impacts from the Proposed Program and the Alternatives.   
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Table ES.1 
Comparison Of Proposed Program and Alternatives 

Element Proposed 
Program 

Alternative 1 
Status Quo 

Alternative 2 
No 

Herbicide 
Treatments 

Alternative 3 
Minimize 

Water 
Quality 
Impacts 

Alternative 4 
Minimize Air 

Quality 
Impacts 

Approx. Total 
Landscape 

37,958,400 ac 34,824,500 ac 37,958,400 37,958,400ac 37,958,400ac 

Landscape Treatable 
with Prescribed Fire 

12,234,800 ac 11,224,700 ac 12,234,800 9,569,300 ac 1,593,000 ac 

Landscape Treatable 
with Mechanical 
Treatments 

10,211,600 ac 9,368,500 ac 10,211,600 ac 4,262,300 ac 10,211,600 ac 

Landscape Treatable 
with Hand 
Treatments 

37,958,400 ac 34,824,500 ac 37,958,400 ac 37,958,400 ac 37,958,400 ac 

Landscape Treatable 
with Herbicides 

21,053,500 ac 19,315,300 ac 0 21,053,500 ac 21,053,500 ac 

Landscape Treatable 
with Herbivory 

37,958,400 ac 0 ac 37,958,400 ac 37,958,400 ac 37,958,400 ac 

Yearly Acreage 
Treated 

216,910 ac 47,000 ac 216,910 ac 216,910 ac 93,000 ac 

Projected 10 Year 
Treatment Acreage 

~ 2.17 MM ac ~ 470 M ac ~ 2.17 MM ac ~ 2.17 MM ac ~ 930 M ac 

Percent Prescribed 
Fire 

53% 63% 56% 56% 8% 

Percent Hand 
Treatments 

18% 21% 22% 19% 25% 

Percent Mechanical  10% 12% 12% 11% 38% 

Percent Herbicides 9% 4% 0% 4% 5% 

Percent Rx Herbivory 10% 0% 10% 10% 24% 

(M = 1000 acres, MM = 1,000,000 acres) 
 

The Proposed Program treats almost five times as many acres (2.16 million acres/decade) as 
the Status Quo (470,000 acres/decade). Because the Proposed Program treats so many more acres 
than the Status Quo it is likely to reduce impacts from wildland fire compared to the Status Quo due 
to previously treated areas, particularly surface fire regimes, burning at lower severity in the case of 
wildfire. In addition, wildfire extent is likely to be slightly reduced after the first decade of 
treatments, as a small number of watersheds statewide (mostly in the South Coast, Sierra and San 
Joaquin bioregions) have 35% or more of their watershed area treated. From a wildlife standpoint, 
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effects are expected to be slightly to moderately beneficial, particularly to non-listed species such as 
deer, quail, etc. On the other hand, the Proposed Program would have a negligible to moderate 
adverse effect to some special status wildlife species due to prescribed fire and mechanical 
treatments disrupting habitat of such species at a greater rate than would be “saved” due to 
reduced wildland fire intensity. Because of the need to treat invasives, the Proposed Program would 
have a slightly adverse to slightly beneficial impact on invasives, since treatments designed to 
extirpate invasives can also introduce invasive species to areas free of noxious weeds. From a soils 
standpoint, Program treatments are expected to have slightly to moderately adverse effects as 
these treatments occur on more acres per decade than the number of treated acres that burn due 
to wildfire at a lower severity level. The Proposed Program would have its biggest effect on air 
quality where the scope of the prescribed fire program (~ 115,000 acres burned annually) would 
produce significantly more emissions than would be “saved” by treated areas burning at lower 
severity during wildfire. The reason for this is that only about 16% of treated areas are expected to 
be burned by wildfire in any decade, and while fire severity is expected to drop from severe to low 
in surface fire regimes, it is not expected to drop to less than moderate in crown fire regimes. Also, 
treated crown fire ecosystems burning under severe fire weather conditions (e.g., Santa Ana fire 
weather conditions) are not expected to have significantly less emissions than untreated areas. 
Finally, from a climate change perspective, the Proposed Program would initially have a slightly 
adverse effect on CO2 levels, as a combination of increased use of prescribed fire does not offset 
reduced wildfire intensity. However, over time, increased mechanical and hand treatments are 
expected to increase tree growth somewhat, sequestering more CO2 and leading to a slight 
reduction in total carbon emissions after 30 years of treatments.  
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Table ES.2 
Comparison of the Environmental Impacts to Resources of Implementing the Proposed Program or the 
Alternatives 1/ 

Element 
Program Alternative 

1 
Alternative 

2 
Alternative 

3 
Alternative 

4 
Summary of Resource Impacts 

Wildfire 
Intensity/Occurrence 

MB NA/NB MB NB/MB NA/NB 

Climate Change NA NA/NB NA NA NA 
Aquatic Resources NA NA NA NB NA 
Wildlife Resources NB/MB NB MB MB NB/MB 
Vegetative Resources NA/NB NA/NB MA NA/NB NA/NB 
Invasives NA/NB MA MA NA/NB NA/NB 
Air Quality SA NA/NB SA SA MA 
Water Quality NA NA NA NB NA 
Cultural, Archaeological NA NA NA NA NA 
Population and Housing NA/NB NA/NB NA/NB NA/NB NA/NB 
Transportation/Traffic NA NA NA NA NA 
Utilities and Energy NA/NB NA/NB NA/NB NA/NB NA/NB 
Noise NA/MA NA NA/MA NA/MA NA 
Visual/Aesthetic NA NA NA NA NA 
Recreation NA NA NA NA NA 
Geology/Soils NA/MA NA NA/MA NA NA 
Hazardous Materials NA NA NA NA NA 
Herbicides      

Wildlife Resources MA/MB NA/NB NA 2/ MA/MB MA/MB 
Vegetative Resources NA/NB NA/NB NA NA/NB NA/NB 
Air Quality NA/MA NA NA MA MA 
Water Quality MA NA/MA NA MA NA/MA 
Recreation MA NA/MA NA MA NA/MA 
Geology/Soils NA/NB NA/NB NA NA/NB NA/NB 
Human Health NA/MA NA NA NA/MA NA 

1/ Key to effects: adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or are 
within the natural range of variability, for the resource at issue. SA/SB – significant adverse or beneficial 
effects are those effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. 
MA/MB - moderately adverse or beneficial effects - those effects that can be detected beyond the affected 
area, but are transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects 
that are imperceptible or undetectable. 
2/ A rating of NA is assigned to the No Herbicide alternative to account for the likely off program use of 
herbicides. 
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Table ES.3 (from Table 3.12) summarizes how well the Proposed Program and the Alternatives 
meet the goals established for the VTP. The Proposed Program would likely meet the goals 
established for the VTP in Section 1.7 to a greater degree than the Alternatives and the Status Quo. 
Again, Alternative 3 would come almost as close to meeting the goals for the VTP as the Proposed 
Program. However Alternative 3 would not meet the goals of the VTP to the same degree as the 
Program since the overall number of acres that Alternative 3 would treat during the life of the VTP 
would be quite a bit less than the Program.  
 

Table ES.3 
Goal Achievement Due to Implementing the Proposed Program or the Alternatives 1/ 

Goal 2/ 
Summary of Goal Achievement 
Program Alternative 

1 
Alternative 

2 
Alternative 

3 
Alternative 

4 
Goal 1 – enhance forest health + + 0 + + + + 
Goal 2 – modify wildfire 
behavior 

+ + 0 + + + + 

Goal 3 – reduce suppression 
costs 

+ + 0 + + + + 

Goal 4 – restore natural range of 
plants 

+ + 0 - + + + 

Goal 5 – maintain/improve air 
quality 

- 0 - - 0 

Goal 6 – reduce watershed 
effects 

+ 0 + ++ 0 

Goal 7 – reduce non-native 
plants 

++ 0 - ++ + 

Goal 8 – improve wildlife habitat ++ 0 + ++ + 
Goal 9 – provide a CEQA process + 0 + + + 

1/ Key to ratings, “+ +” strongly meets goal, “+” moderately meets goal, “0“ neutral towards goal accomplishment, “-“ 
moderately adverse towards goal accomplishment, “ - -“ strongly adverse to goal accomplishment. 
2/Goals of the VTP (from Section 1.7) 

1. Maintain and enhance forest and range land resources including forest health to benefit present and future 
generations. 

2. Modify wildland fire behavior to help reduce catastrophic losses to life and property consistent with public 
expectation for fire protection. 

3. Reduce the severity and associated suppression costs of wildland fires by altering the volume and continuity of 
wildland fuels. 

4. Reduce the risk of large, high intensity fires by restoring a natural range of fire-adapted plant communities 
through periodic low intensity vegetation treatments. 

5. Maintain or improve long term air quality through vegetation treatments that reduce the severity of large, 
uncontrolled fires that release air pollutants and greenhouse gases. 

6. Vary the spatial and temporal distribution of vegetation treatments within and across watersheds to reduce 
the detrimental effects of wildland fire on watershed health. 

7. Reduce noxious weeds and non-native invasive plants to increase desirable plant species and improve browse 
for wildlife and domestic stock. 
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8. Improve wildlife habitat by spatially and temporally altering vegetation structure and composition, creating a 
mosaic of successional stages within various vegetation types. 

9. Provide a CEQA-compliant programmatic review document process/mechanism for other state or local 
agencies, which have a vegetation management program/project consistent with the VTP, to utilize this guiding 
document to implement their vegetation treatment programs/project. 

 
Cumulative Impacts 
 

The CEQA Guidelines require that an EIR provide a discussion of cumulative effects, which is a 
change in the environment that results from adding the effect of the project to those effects of 
closely related past, present and probable future projects. CEQA guidelines define cumulative 
effects as two or more individual effects which, when considered together, are considerable or 
which compound or increase other environmental effects (CEQA Guidelines § 15355). The effects 
may be changes resulting from a single project or a number of separate projects. The cumulative 
impact from several projects is the change in the environment that results from the incremental 
impact of the project when added to other closely related past, present, and reasonably foreseeable 
probable future projects. Cumulative effects can result from individually minor but collectively 
significant effects (CEQA Guidelines § 15355). In a CEQA evaluation, the proposed action must be 
considered along with the combined effects of the cumulative actions in a single analysis. The 
effects from multiple projects may be additive or synergistic. Table 6.12 summarizes the cumulative 
impacts from the VTP at project or bioregional scales of assessment. 
 
Significant and Unavoidable Impacts 
 

Analysis in the VTP indicates that any significant negative impacts resulting from Program 
implementation can be mitigated to a less than significant level; therefore no significant and 
unavoidable impacts have been identified. (Although some of the alternatives analyzed in the PEIR 
are predicted to result in significant negative impacts to various resources, no mitigation measures 
have been developed for the alternatives. However, if instead of the Proposed Program the decision 
maker adopted one of the alternatives, applicable mitigation measures would be developed and 
implemented.)   

 
Some of the more critical resources and their mitigation measures are summarized below: 
 
• Air Quality 
 
Implementation of the Proposed Program and Alternatives could potentially result in significant 

and unavoidable impacts to air quality because five of the six criteria pollutants could exceed 
California’s Ambient Air Quality Standards (Section 5.6). However, two Mitigation Measures, 5.6-1 
and 5.6-2, have been developed, which when implemented are expected to reduce impacts to air 
quality to less than significant, as documented in Section 5.6. 

• Biological Resources 
 

The Proposed Program and Alternatives 1 through 4 could potentially cause indirect or direct 
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substantial adverse effects to sensitive species. However, most of these potential effects can be 
avoided or minimized through adherence to the checklist and MMRs. Direct effects, by definition, 
are virtually never positive; however, appropriate avoidance measures, including surveys where 
necessary, implemented at the project level will eliminate negative direct effects on special-status 
wildlife.  

 
As discussed in Section 5.5.2, implementation of the Proposed Program could cause substantial 

adverse impacts to several special status species. In every such case, however, mitigation measures 
have been developed that, when implemented, will reduce this impact to a level of less than 
significant, as shown in Table ES.4 below. These species and the purposes of the mitigation 
measures are discussed in detail in Section 5.5.2.  
 

Table ES.4 
Special Status Species and Mitigation Measures That Will be Implemented to Reduce Impacts 
from the Program to Less Than Significant 
Species Mitigation Measure 
Northern Spotted Owl 5.5.2-1 
Valley Elderberry Longhorn Beetle 5.5.2-3 
San Joaquin Kit Fox 5.5.2-4 
California Tiger Salamander 5.5.2-5 
California Red-Legged Frog 5.5.2-7 
Burrow-Dwelling Special Status Taxa 5.5.2-8 
Various Special Status Taxa 5.5.2-10 
Smith’s Blue (butterfly) 5.5.2-11 
Black Legless Lizard 5.5.2-12 

 
• Noise 

 
Implementation of the Proposed Program and alternatives could have significant and 

unavoidable short-term impacts to schools, churches, hospitals and other sensitive receptor sites 
due to noise generated by heavy equipment and chainsaws. However, Mitigation Measures 5.12-1, 
2, 3, and 4 have been developed which, when implemented, will reduce these impacts to a level of 
less than significant. 
 
Growth Inducement 
 

Certain projects, such as freeway interchanges, housing developments, wastewater treatment 
plants, etc., clearly result in secondary growth inducing impacts that must be analyzed. The 
proposed program will not have any growth-inducing impacts because it will not foster growth or 
result in new housing or construction of facilities. Based on the above conclusion, no reasonably 
foreseeable growth-inducing impacts have been identified that would result from implementation 
of the Proposed Program or the Alternatives to the Program. (CEQA Guidelines § 15126[f]). 
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Irreversible Environmental Change 
 

For some projects, the environmental impacts caused by implementing the project may result 
in the irreversible or irretrievable commitment of environmental resources (CCR §15126.2c). EIR’s 
are required by CEQA to describe any significant irreversible environmental changes that would 
result from the proposed action. As discussed above, all potentially irreversible and irretrievable 
commitments of environmental resources have been reduced to a less than significant level by the 
implementation of mitigation measures specific to particular resources. 
 
Known Areas of Controversy 
 

Section 15123(b) of the State CEQA Guidelines requires that an EIR identify areas of controversy 
known to the lead agency, including issues raised by agencies and the public. Several effects of 
implementing the Proposed Program are expected to be controversial, including the following: 
 

• Impacts to air quality in certain air basins due to smoke from prescribed fire treatments.  
• Potential impacts to water quality, biological resources and human health from application 

of herbicides as a prescribed treatment funded under the Proposed Program. 
• Potential impacts to water quality, biological resources and human health from application 

of herbicides not prescribed or funded under the Proposed Program, as a before or after 
treatment. 

• Potential unintended effects of the application of herbicides. 
• Potential spread of invasive plants due to treatments.  
• Potential for loss of life, property and resource values due to escaped prescribed fire.  
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Chapter 1  Introduction and Background 

1.1 Introduction 
The California State Board of Forestry and Fire Protection (BOF) is proposing to initiate the 

California Statewide Vegetation Treatment Program (VTP). The BOF provides policy leadership and 
generates public interest in the state’s forests and rangelands. This program intends to lower the risk of 
catastrophic wildfires on nonfederal lands by managing vegetation to modify/reduce hazardous fuels. 
While history has shown that catastrophic wildfires can result in substantial loss of life and property, 
and cost millions of dollars in fire suppression, the key goal of this program is to prevent loss of lives, 
reduce fire suppression cost, reduce private property losses and protect natural resources from 
devastating wildfire. Other VTP goals include control of unwanted vegetation, including invasive 
species, improvement of rangeland for livestock grazing, improvement of fish and wildlife habitat, 
enhancement and protection of riparian areas and wetlands (see Glossary for definition of riparian 
areas and wetlands), and improvement of water quality in priority watersheds. The initiation of this 
program is a project, subject to California Environmental Quality Act (CEQA). As the CEQA lead agency, 
the BOF will provide policy direction for implementation of the VTP to the California Department of 
Forestry and Fire Protection (CAL FIRE), which currently administers a wide range of vegetation 
management programs. 

1.2 Need for Vegetation Management 
Fire Protection  

The wildlands of California are naturally fire prone. Past land and fire management practices have 
had the effect of increasing the intensity, rate of spread, as well as the annual acreage burned on these 
lands (BOF, 2010). Although the citizens of California expect these lands to provide a wide range of 
sustainable economic and non-economic benefits, the expanding population increases the risk 
unintentional fire starts or even arson caused fires that jeopardize these expectations. While most of 
the natural communities of plants and animals have adapted to natural fire conditions, these natural 
communities are now at risk from catastrophic wildfire primarily due to the hazardous fuel conditions. 
Also at risk are the communities that interface with these wildlands, including those within wildland-
urban interface (WUI) and rural areas. Strategic management and control of wildland vegetation is 
essential to the safety, health, recreational, and economic well-being of California’s citizens. 

In recent years, the severity and intensity of wildfires in the West has increased dramatically from 
levels in the 1970s and 1980s; currently, a million or more acres across the West burn annually. 
However, while millions of acres burn annually; many more acres have not burned over the course of 
this same period. Moreover, areas where the natural fire frequency has been disrupted (extended) the 
spatial distribution and abundance of vegetation has also changed; this change has increased 
hazardous fuel conditions and increased risk (risk is defined as “the chance of a fire starting as 
determined by the presence and activity of causative agents”) and threat (threat is defined as “the 
expected fire frequency and physical ability to cause impacts”). Components include surface fuels, 
topography, fire history, and weather conditions from catastrophic wildfires. Much of this change in 
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threat (Figure 1.1) can be attributed to fire exclusion policies over the past 100 years (Bureau of Land 
Management, 2005; Westerling, et al., 2006). 

Wildfires are becoming more intense and severe (University of California, Davis, 1996) and, as 
more people move to rural areas, the potential for the loss of property and life continues to increase. 
For example, on the west slope of the Sierra Nevada, projections of risk from wildfire occurrence are 
highest in oak woodlands, chaparral, and low-elevation conifer forests (University of California, Davis, 
1996). The number of people living in these areas is projected to increase from 600,000 in 1990 to two 
million people in 2040. 

Wildland fire is pervasive throughout California. The average annual acreage burned (by wildfires 
greater than 300 acres in size) between 1985 and 1994 was about 325,000 acres (CAL FIRE, 2006). 
Between 1995 and 2004, the average annual acreage burned statewide increased to about 471,000 
acres, representing a 45% increase. Between 2004 and 2010 the average increased dramatically (due to 
the extreme fire year in 2008) to 600,000 acres, yet the last few years have been relatively low at 
around 230,000 acres. Excluding the extreme fire year of 2003, when 5,394 structures were burned, 
the average number of structures burned between 2000 and 2005 is 458 structures/year, with average 
structural damage of $109 million per year. Between 2005 and 2010 the average number of structures 
burned on all lands in California was 1,166 with damages estimated at $207 million per year. 
([http://bof.fire.ca.gov/ incidents/incidents_statsevents#2010] large fire statistics.pdf). In 2005 CAL 
FIRE suppression costs were $117 million while costs in real dollars nearly doubled between 2006 and 
2010, increasing from a yearly average of $155 million (between 2000 and 2005) to $311 million (CAL 
FIRE, 2011).  

While the cause and degree is controversial, climate change may already be influencing trends in 
wildland fire acreage burned. Scientists at the USDA Forest Service Pacific Northwest Forest and Range 
Experiment Station have modeled the effects of global warming on vegetation and fire weather in 
California. Current forecast models indicate that there will be an increase in grasslands, an increase and 
shift to the east and upslope of mixed evergreen hardwood forests, a decrease and shift to the east and 
upslope of conifer forests, and a decrease in oak woodlands and shrublands (Lenihan, 2003). Some 
scientists project average air temperatures to increase significantly, perhaps 4-6° F over the next 
century. Precipitation will either increase or decrease, depending on the scenario modeled. Under 
wetter conditions, fuels will build up to such an extent that during drier summers fires will burn with 
great intensity. More area will be burned than at present, but at irregular intervals (Westerling, et. al., 
2006). Under drier conditions the fire season will lengthen and fires will burn more frequently. Again, 
the area burned by wildfires will increase. Also under these projections, snow packs at higher 
elevations are expected to decrease, with resulting in earlier snowmelts, which will decrease 
streamflows earlier in the year.  

 
 
 
 
 
 
 

http://bof.fire.ca.gov/incidents/incidents_statsevents#2010
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Figure 1.1 
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For years, managers have recognized the risks of damage to housing and infrastructure from 
wildland fire and have acted to reduce wildland fuels, by thinning, prescribed burning, and other 
vegetation treatments. Thinned areas have proven to act as fuel breaks when impacted by wildfire 
(Skinner et al., 2004; North et al., 2009). Well planned prescribed burning can be an effective means of 
reducing fuels that result from long periods of fire exclusion while moderating potential ecosystem 
damage (Knapp et al., 2005). Reducing fire intensity through vegetation management can substantially 
aid in wildland fire containment and control, while creating safety zones for fire fighter and citizen 
safety (CAL FIRE, 2003). 

Non-native Invasive Plants  

In addition to the increases in wildfire occurrence and severity, non-native invasive plants, 
including such species as star thistle and scotch broom, have become the dominant vegetation on 20 
million acres of California wildlands (CAL FIRE, 2010). These species threaten water quality and 
quantity, native plant communities, wildlife habitat, wilderness values, recreational opportunities, and 
livestock forage, and are detrimental to agriculture, commerce and public health. Vegetation 
treatments such as physical removal, spraying with herbicides, etc. can help to reduce the extent of 
invasive species, though it is also recognized that treatments can also introduce invasive species.  

Resource Management 

Resource management and natural agents have changed the structural characteristics of California 
forests (CAL FIRE, 2010). The lack of open forest stands and associated plant communities in some 
areas is of particular concern to the public and to resource managers. Another concern is maintenance 
of forest habitat containing large trees. Vegetation treatments can be used to create more open forest 
conditions, which will enhance the growth of trees and allow them to gain growth sooner, while 
minimizing the chance of the these forests being damaged or destroyed by fire, insects, or disease 
before they mature.  

Wildlife diversity and population numbers are related to vegetative composition and structure. For 
example, some bird species previously considered common in forested habitats, but also requiring 
open shrub and herbaceous conditions within their habitat types, have shown marked long term 
population declines (CAL FIRE, 2010). Specially designed vegetation treatments can be utilized to 
improve such habitats. Game species such as deer and quail can also benefit from vegetation 
treatments. Improvement of fish and wildlife habitat can be the primary purpose of a VTP project. 

The forests of California have a high capacity for timber production. A large percentage of soils in 
California are rich and produce diverse stands of conifers and hardwoods. California is the nation's 
greatest consumer of wood and paper, consuming about 10 billion board feet a year; however lumber 
production in California, at slightly less than 1.5 billion board feet, is at its lowest level in two decades 
(CAL FIRE, 2010). The 2010 timber harvest was only 24% of the 1988 harvest. Private timberlands 
generate about 90% of the total timber harvest in California. Growth on private timberlands and 
federal lands is statistically the same as or exceeds mortality and harvest combined. The decrease in 
harvest is related to environmental concerns and to a landbase that is often viewed by California’s 
citizens as better utilized for purposes other than timber production.  

Evidence from historical field studies also suggests that forest composition in California has 
substantially increased proportions of shade tolerant species, including hardwoods, while shade 
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intolerant species such as pine are in decline (CAL FIRE, 2010). Increased stocking of understory trees 
resulting from fire suppression raises the risk of unnaturally severe fires, as well as the potential for 
increased mortality due to pathogens. Vegetation treatments that open up the forest can improve the 
growth, health, and fire resistance of forest stands and increase the proportional stocking of shade 
intolerant and commercially valuable species. 

Forests and rangelands provide forage used by livestock and wildlife. Rangelands in California are 
currently being grazed at a sustainable level and productivity is being maintained (CAL FIRE 2010). 
However, in the absence of periodic disturbance, the continued productivity of the state’s rangelands is 
being threatened by the encroachment of non-native invasive plants and native shrubs. Vegetation 
treatments can help counter these negative trends, and improvement of rangeland condition is a 
primary objective of the VTP. 

Soil Conservation and Water Quality 

Over the last decade, there has been increased recognition of the influence of forest and rangeland 
soil and water conditions on ecological processes operating at the watershed level (CAL FIRE 2010). 
Historical land management practices have been tied to reduced water quality, especially those that 
result in soil erosion into streams. Untreated vegetation can create a significant fire hazard and result in 
large conflagration fires that can adversely affect the beneficial uses of water and soil productivity. 
Improvement of water quality in priority watersheds is one of the goals of vegetation treatments under 
the VTP. Water quality can be maintained or improved by proactive projects that improve hillslope 
vegetative cover and fire resistance, while incorporating protective measures, such as buffer zones 
around watercourses and installation of erosion control structures on roads (Cafferatta, 2007). 

1.3 Regulatory Authority (Legislative Statute and BOF Regulations) 
CAL FIRE is responsible for preventing and extinguishing wildland fires on State Responsibility Areas 

(SRAs) (Public Resource Code [PRC] 4113, 4125). SRAs are lands that provide forest or range products, 
watersheds not owned or managed by the federal government or within the boundaries of cities, and 
where CAL FIRE has the primary financial responsibility for preventing and suppressing fires. The BOF is 
responsible for identifying very high fire hazard severity zones on SRAs and areas protected by local fire 
agencies (Local Responsibility Areas, or LRAs). LRAs are lands where local agencies have the primary 
financial responsibility for preventing and suppressing fires. Lands where federal agencies are 
responsible for preventing and extinguishing wildland fires are called Federal Responsibility Areas 
(FRAs). Local agencies are required to designate, by ordinance, very high fire hazard severity zones and 
to require landowners to reduce fire hazards adjacent to occupied buildings. The intent of identifying 
areas with very high fire hazards is to allow CAL FIRE and local agencies to develop measures that 
would reduce the loss of life and property from uncontrolled wildfires (Assembly Bill 337 [Bates]). 

Public Resources Code §4114 and §4130 authorize the BOF to establish a fire plan, which, among 
other things, establishes the levels of statewide fire protection services for State Responsibility Area 
(SRA) lands. The California Fire Plan (BOF, 2010) has as its highest priority enhancing the protection of 
lives, property and natural resources from wildland fire by identifying and evaluating wildland fire 
hazards to life, property and natural resource assets at risk as well as improving environmental 
resilience to wildland fire. The Plan was developed around the idea that there are certain central 
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policies that are critical to reducing and preventing the impacts of fire, which revolve around both 
suppression efforts and fire prevention efforts. Major policy components include: 

• Land use planning that ensures increased fire safety for new development 

• Creation of defensible space for survivability of established homes and neighborhoods 
• Improving fire resistance and structural survivability of homes and other constructed assets 
• Fuel hazard reduction that creates resilient landscapes and protects the wildland and natural 

resource values  
• Adequate and appropriate levels of wildland fire suppression and related services 
• Commitment by individuals and communities to wildfire prevention and protection through 

local fire planning 

CAL FIRE implements vegetation treatments under PRC Sections 4474-4494. PRC Sections 4461-
4475 gives CAL FIRE authority to implement the current Vegetation Management Program and to enter 
into contracts with landowners or other persons to conduct vegetation treatments within defined 
vegetation types. In addition, with the 2005 passage of SB 1084, the Legislature modified and in some 
cases added language to PRC 4475-4494, which 1) broadened CAL FIRE’s range of vegetation treatment 
practices beyond those described for the existing Vegetation Management Program, 2) added a 
definition of “hazardous fuel reduction”, and 3) made other changes to the major statutory provisions 
guiding CAL FIRE’s vegetation treatment authorities.  

California PRC Sections 4790-4799.04 provides the regulatory authority for CAL FIRE to administer 
the California Forest Improvement Program (CFIP).  

California PRC 4562 mandates that the Board adopt fire protection zones where specific protection 
measures are to be identified, including vegetation treatments within and adjacent to timber 
operations.  

Finally, PRC 4290 and 4291 give CAL FIRE the authority to enforce the 100-foot defensible space 
requirement around all buildings and structures on non-federal 1) SRA lands (PRC 4290); or 2) on 
forest-covered lands, brush-covered lands, grass-covered lands, or any land that is covered with 
flammable material (PRC 4291).  

1.4 Description of CAL FIRE Programs that Carry Out Vegetation Treatments 
CAL FIRE currently implements vegetation treatments through various programs, including: the 

current Vegetation Management Program (VMP), CAL FIRE’s Prefire Management Initiative, Proposition 
40 Fuels Reduction Program, and the California Forest Improvement Program (CFIP) (BOF, 1996). The 
existing programs are briefly described in this section. In addition, CAL FIRE regulates commercial 
timber harvesting on private lands, which manipulates fuel composition and arrangement. However, 
the timber harvest program is administered through an environmental review process that is separate 
from the proposed VTP.  

The current VMP reduces the potential for large wildfires and enhances natural resources by 
treating the following vegetation types, and primarily on SRA lands where CAL FIRE is responsible for 
fire protection:  
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a) Coastal scrub habitat south of San Luis Obispo County,  

b) Montane hardwood-conifer habitat north of Monterey County,  

c) Mixed chaparral, montane chaparral, chamise-redshank, and valley foothill hardwood 
habitats throughout their range, and  

d) Annual and perennial grasslands that occur within the above vegetation types.  

Although the VMP emphasizes treatment of rangelands, it also meets a wide variety of other 
objectives, including protecting human life and property, reducing fire suppression costs, enhancing 
wildlife habitat, improving commodity production (e.g., livestock grazing and water yield), and reducing 
the potential for long-term detrimental effects of wildfire (e.g., impacts from flooding, on air and water 
quality, and on soil productivity). Approximately 10.9 million acres are available for treatment under 
the VMP; however, the VMP is authorized to treat a maximum of 120,000 acres annually (CAL FIRE 
1981). Because of funding limitations and other factors, (lack of suitable burn day conditions, cost and 
time to meet environmental review requirements, surveying for and mitigating treatment effects to 
threatened and endangered species, etc.), treatment has averaged less than 30,000 acres per year. 
Assistance for project funding is dependent on the availability of funds and staff, and consistency with 
the objectives of the VMP. 

The Prefire Management Initiative is a blend of existing CAL FIRE programs — fire prevention, land-
use planning, vegetation management and forest health improvement, with the addition of risk 
assessment and systems analysis expertise (BOF, 1996). The Pre-Fire Management Initiative is 
implemented through existing authority and gives CAL FIRE the leeway to allocate budget resources to 
conduct a systematic application of risk assessment, fire safety, fire prevention and fire hazard 
reduction techniques. The Pre-Fire Management Initiative emphasizes smaller projects adjacent to new 
developments in the WUI. Projects are chosen based on the most cost-effective means of protecting 
assets at risk from major disastrous wildfires. Normally, these projects are initiated by CAL FIRE 
Administrative Units. Pre-fire treatments include modifying/thinning/clearing vegetation outside the 
distance required under California’s defensible space law (PRC 4291) such as establishing and 
maintaining fire safe landscaping, utilizing prescribed fire, mechanically creating fuel breaks, 
mechanically changing forest structure to modify wildland fire behavior, and/or establishing safety and 
protection zones around high value assets. 

CAL FIRE also implemented the Fuels Reduction Program, funded by Proposition 40, the California 
Clean Water, Clean Air, Safe Neighborhood Parks, and Coastal Protection Act of 2002. The goal of the 
Proposition 40 Fuels Reduction Program (which is due to end in 2012) is to reduce wildland fuels that 
pose a threat to watershed resources and water quality on nonfederal lands in areas with high or 
moderate levels of watershed assets at risk in the following fifteen Sierra Nevada counties: Butte, 
Plumas, Sierra, Yuba, Nevada, Placer, El Dorado, Amador, Alpine, Calaveras, Tuolumne, Madera, 
Mariposa, Fresno, and Tulare. 

CAL FIRE implements the Proposition 40 Fuels Reduction Program by partnering with non-profit 
organizations, such as Fire Safe Councils, and with non-federal government agencies, through funding 
under the Watershed and Fuels Community Assistance Grants Program.  

CFIP is a cost-share program aimed at improving the economic value and environmental quality of 
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private forestlands. The CFIP program is a voluntary program that can fund up to 75% (or 90% in the 
case of catastrophically-damaged lands) of an approved project. It applies to private landowners 
owning between 20 and 5,000 acres of commercial forestland. Landowners can submit group 
applications and forest landowners who own less than 20 acres can apply as part of a group. 
Applications for CFIP projects and administration of projects are made at the local CAL FIRE unit level. 
There is a 10-year requirement for maintenance of land uses compatible with funded work. The 
purpose of the program is to work cooperatively with private landowners, particularly smaller, non-
industrial landowners, to upgrade the management of their lands and improve both the productivity of 
the land and the degree of protection and enhancement of the forest resource system as a whole. 
Fundable practices include: 

(1) Preparation of forestland management plans  
(2) Site preparation 
(3) Planting and costs of seeds and seedlings 
(4) Release from brush competition 
(5) Young-growth stand improvement 
(6) Forest land conservation measures 
(7) Fish and wildlife habitat improvement 
(8) Follow-up work 

Table 1.1 shows the environmental and planning documents that guide the existing vegetation 
treatment programs carried out by CAL FIRE. 

Table 1.1   
CAL FIRE Vegetation Treatment Program Guidance Documents 
PROGRAM RELEVANT DOCUMENTATION 
Vegetation 
Management 
Program 

Vegetation Management Program Handbook and Field Guide. June 16, 2001. California 
Department of Forestry and Fire Protection. Sacramento. 135p.  
 
Chaparral Management Program Final Environmental Impact Report. May 18, 1981. California 
Department of Forestry and Fire Protection, Sacramento.  

Proposition 40 Fuels 
Reduction Program 
(ends 2012) 

Procedural Guide for Community Assistance Grant Fuel Reduction Projects Funded by Proposition 
40; Sierra Nevada Forest Land and Fuels Management; California Clean Water, Clean Air, Safe 
Neighborhood Parks, and Coastal Protection Act of 2002. January 2006. California Department of 
Forestry and Fire Protection, Sacramento. 40p. 

California Forest 
Improvement 
Program 
 

California Forest Improvement Program Operations Manual. August 2005. California Department 
of Forestry and Fire Protection, Sacramento.  
 
Final Environmental Impact Report for Proposed Administrative Regulations for the California 
Forest Improvement Program to be Adopted by the Director of Forestry and Approved by the 
Board of Forestry. June 1979. California Department of Forestry and Fire Protection, Sacramento.  
 
California Forest Improvement Program Environmental Impact Report: Supplement to the Final 
EIR; State Clearinghouse #79050318. June 1990. California Department of Forestry and Fire 
Protection, Sacramento. 
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1.5 Other Agencies Involved in Regulation of Vegetation Treatment Projects 
There are three tiers of agency involvement in implementing VTP projects outside of CAL FIRE. As 

noted above, the Board of Forestry is the lead agency for the VTP EIR and is responsible for overall 
decision-making at the programmatic level.  

The California Department of Fish and Game (DFG) is a trustee agency since it manages the state’s 
fish and wildlife resources on behalf of the citizens of the State of California. As such, its duties and 
responsibilities are generally higher than the next lower tier of regulatory agencies, the responsible 
agency. For the VTP - because DFG is a trustee agency - CAL FIRE will be required to consult on and 
coordinate all VTP projects directly with DFG. Another trustee agency in California is the Department of 
Parks and Recreation (DPR). VTP projects can and probably will take place on Parks and Recreation 
lands, however it is likely that in those cases, DPR will act as lead agency rather than deferring to CAL 
FIRE as the lead agency. 

A somewhat lower tier of other state agency involvement in the VTP includes responsible agencies 
that will use this EIR as the basis for making their own regulatory approvals such as DFG issuing a Lake 
and Streambed Alteration Agreement (1602 permit see Glossary) or Regional Water Quality Control 
Boards (RWQCB) being requested to issue a waiver from waste discharge requirements. Other 
responsible agencies likely to be involved in VTP project regulatory oversight and approval include the 
Coastal Commission or other agency with an approved Local Coastal Plan, Air Pollution Control Districts 
(APCD), and the Air Quality Management Districts (AQMD). Note that in this case, DFG is a trustee 
agency and could also be a responsible agency if a 1600 permit were required for a specific project.  

The third tier of state agency involvement includes commenting agencies (Department of Pesticide 
Regulation, etc.) and other State or local agencies that will use this EIR as documentation to implement 
their own vegetation treatments.  

In some cases a federal agency may become involved such as on federal land under the jurisdiction 
of the program. The two federal agencies likely to be involved in VTP projects are the U.S. Fish and 
Wildlife Service (USFWS) and National Oceanic and Atmospheric Agency fisheries branch (NOAA 
Fisheries – formerly National Marine Fisheries Service), which are the federal agencies that CAL FIRE 
would consult with if a VTP project were scheduled on or very near to federal lands.  

The likely nexus for bringing in responsible agencies include projects using prescribed fire, such as 
pile burning and broadcast burning, which are required to comply with the local Air Quality 
Management Districts (AQMD) and Air Pollution Control Districts (APCD) burn requirements, such as 
having a burn permit or burning only on burn days. At this time, RWQCBs have not set waste discharge 
requirements for vegetation management projects carried out by CAL FIRE (except the Lahontan Board 
which requires CAL FIRE vegetation treatment projects to meet the Lahontan Board’s waiver 
requirements). However, most of the CAL FIRE programs that implement vegetation management 
projects have rules and regulations that have been reviewed and/or approved by either the State 
Water Quality Control Board or by Regional Boards. The removal of vegetation within the coastal zone 
is defined as a “development” project and subject to permitting by the Coastal Commission or the local 
government agency that has an approved Local Coastal Plan, as such the Coastal Commission is likely to 
be an active responsible agency for VTP projects near the coast. 
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In addition, the RWQCB may use this document for any necessary National Pollutant Discharge 
Elimination System (NPDES) permits for application of herbicides, and the California Department of Fish 
and Game may use it for Lake and Streambed Alteration agreements and any permits required under 
the California Endangered Species Act (CESA). 

1.6 Decisions Subject to the California Environmental Quality Act  
The California Environmental Quality Act (CEQA) applies only to discretionary projects by public 

agencies. A “project” is defined as the whole of an action, which has the potential for resulting in either 
a direct physical change in the environment or a reasonably foreseeable indirect change in the 
environment. (CEQA Guidelines sec. 15378(a); PRC 21065). 

A “project” under CEQA is considered to be an activity directly undertaken by a public agency, an 
activity that is supported, in whole or in part, through public agency contracts, grants, subsidies, loans, 
or other assistance from a public agency, or an activity involving the public agency issuance of a lease, 
permit, license, certificate, or other entitlement for use by a public agency. An agency is generally not 
permitted to treat each separate permit or approval under a program, such as the VTP, as a separate 
project segment if the effect is to avoid full disclosure of environmental impacts. However, CEQA does 
encourage the application of a programmatic approach where a group or series of projects are similar 
in activities and impacts and where potential impacts can be avoided or mitigated in a similar manner. 
Section 1.8 describes the relationship between CEQA projects and the CEQA requirements for this 
Program.  

1.7 Proposed Program Purpose and Goals 
In furtherance of the goals of the 2010 Fire Plan (specifically goal 1 which relates to human and 

natural resources at risk and goal 5 which relates to integrating fire and fuels management practices 
with landowner priorities and multiple jurisdictional efforts within local, state and federal responsibility 
areas), the purpose of the VTP is to modify vegetation on wildlands to reduce the costs and losses 
associated with wildfires and to enhance the condition of forests, rangelands, and watersheds.  

The goals of the VTP include: 

1. Maintain and enhance forest and range land resources including forest health to benefit 
present and future generations. 

2. Modify wildland fire behavior to help reduce catastrophic losses to life and property consistent 
with public expectation for fire protection. 

3. Reduce the severity and associated suppression costs of wildland fires by altering the volume 
and continuity of wildland fuels. 

4. Reduce the risk of large, high intensity fires by restoring a natural range of fire-adapted plant 
communities through periodic low intensity vegetation treatments. 

5. Maintain or improve long term air quality through vegetation treatments that reduce the 
severity of large, uncontrolled fires that release air pollutants and greenhouse gases. 

6. Vary the spatial and temporal distribution of vegetation treatments within and across 
watersheds to reduce the detrimental effects of wildland fire on watershed health. 

7. Reduce noxious weeds and non-native invasive plants to increase desirable plant species and 
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improve browse for wildlife and domestic stock. 
8. Improve wildlife habitat by spatially and temporally altering vegetation structure and 

composition, creating a mosaic of successional stages within various vegetation types. 
9. Provide a CEQA-compliant programmatic review document process/mechanism for other state 

or local agencies, which have a vegetation management program/project consistent with the 
VTP, to utilize this guiding document to implement their vegetation treatment 
programs/project. 

A variety of vegetation treatments are typically used in combination to achieve the goals or 
outcomes noted above. Some prescriptions used to meet the outcomes above are creation of fuel 
breaks, fuel management zones, defensible space and prescribed fire. Some of these prescriptions are 
briefly described below: 

Typical Treatments to Meet VTP Goals 

Fuel Break— Fuel breaks are wide strips of land where trees and vegetation have been reduced or 
removed. These areas can slow, and even stop, the spread of a wildland fire because they provide 
fewer fuels to carry the fire. They also provide firefighters with safe zones to take a stand against a 
wildfire, or retreat from fire if the need arises. Typically, fuel breaks are located in strategic locations 
based upon terrain, existing roads, community areas, and other key access points. Fuel breaks can be 
divided into two categories, shaded and non-shaded. 

Non-Shaded Fuel Break—A fuel break without shade normally comprises a change in vegetation 
type, such as from forest or shrubland into grassland. Since a large opening is essentially cleared of 
woody vegetation to create a non-shaded fuel break, heavy equipment is typically used for 
construction, except on steep slopes, where manual or prescribed fire treatments are employed. 
(Figure 1.2). 

Figure 1.2 
Non-Shaded Fuel Break 

 
 

Shaded Fuel Break—A shaded fuel break is constructed in a forest setting. Typically, the tree 
canopy is thinned to reduce the potential for a crown fire to move through the canopy. The woody 
understory vegetation is likewise thinned out, and in certain situations is eliminated. The shade of the 
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retained canopy helps reduce the potential for rapid re-growth of shrubs and sprouting hardwoods and 
can reduce rill and gully erosion. (Figure 1.3). 

Figure 1.3 
Before and After Shaded Fuel Break 

  
Both shaded and non-shaded fuel breaks are constructed using a mix of treatments, such as 

uprooting vegetation using a tractor blade (preferably a comb-like “brush blade”) or severing 
vegetation at the root line manually with a chainsaw. Thinning of the canopy may allow for harvest of 
merchantable and non-merchantable timber. Mastication (grinding into small pieces using a large 
grinding head mounted on a piece of heavy equipment) may be used to thin understory vegetation. 
Slash created by fuel break installation can be treated by removal from the fuel break area, piling and 
burning, mastication, chipping or lopping and scattering (see Glossary). Fuel breaks can be maintained 
by a repeat of the treatments that were used for construction or by a different treatment, such as 
prescribed fire, herbivory, or the use of herbicides. 

Fuel Management Zones—These are areas, usually surrounding communities, where the natural 
vegetative cover is reduced in density, though not usually to the level of reduction typical of a fuel 
break. After installation of the treatment prescription, fuel ladders (see Glossary) are greatly reduced, 
and overstory and understory vegetation is spatially separated so that a ground fire will not, under 
normal fire conditions, climb into the canopy and turn into a crown fire. If a crown fire does start, the 
separation of fuels will prevent it from spreading across more than a small portion of the treated area, 
and will likely force it instead to drop back to the ground where it is more defendable. Installation of 
fuel management zones is typically accomplished through a combination of mechanical and manual 
treatments. If commercial products are removed, a permit is required. Fuel management zone slash 
treatment and maintenance are similar to that used for fuel breaks. 

Large Scale Wildland Treatment—These are areas up to the watershed scale, or even greater, that 
are treated to reduce highly flammable or dense fuels, including live brushy plants in some vegetation 
types (such as chaparral), a build up of decadent herbaceous vegetation or, dead woody vegetation. 
Treatment is typically accomplished by the use of prescribed fire or a combination of prescribed fire, 
mechanical treatment, and hand work (cutting and piling in specific areas). Successful treatment should 
result in a mosaic of trees, shrubs and herbaceous vegetation based on slope, aspect and soil type. The 
fuel that is removed reduces the chance of crown fires, providing large areas where wildland fires will 
slow or stop, and offering fire fighters zones of opportunity to stop the advance of wildfire. Such 
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treatment can result in improved plant species composition and increased forage for wildlife and 
livestock if specifically outlined as a project objective (Figure 1.4). 

Figure 1.4 
Before and After Fuel Management Zone 

  

Defensible Space—Defensible space is an area within the perimeter of a parcel, development, 
neighborhood, or community where basic wildland fire protection practices and measures are 
implemented, providing the key point of defense from an approaching wildfire, or defense against 
encroaching wildfires or escaping structure fires. The perimeter is defined as the area encompassing 
the parcel or parcels proposed for construction and/or development, excluding the physical structure 
itself. The establishment and maintenance of emergency vehicle access, emergency water reserves, 
street names, building identification, and fuel modification measures characterize the area. The 
configuration of post-treatment vegetation can be similar to that of a shaded fuel break. Defensible 
space installation in heavily populated areas is often accomplished by manual methods rather than 
heavy equipment, though both can be used, depending on safety concerns, noise, and visual impact. 
The most common slash treatment utilized within defensible spaces is hand pile and burn, although 
chipping, mastication and lop and scatter can be used when slash quantities are relatively light. 
Homeowners, typically employing hand treatments or herbicides, often do their own maintenance 
within defensible space installations (Figure 1.5). 
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Figure 1.5 
Before and After Defensible Space 

  

1.8 Purpose of Programmatic Environmental Impact Reports 
The California Environmental Quality Act (CEQA) requires that state agencies disclose to decision 

makers and the public the environmental effects of proposed activities. In addition to providing an 
analysis of the environmental impacts of a project or program, other objectives of CEQA include: 

• Identify and prevent environmental damage 
• Disclose agency decision making 
• Enhance public participation 
• Foster intergovernmental coordination  

The objective of this Programmatic Environmental Impact Report (PEIR) is to analyze the potential 
environmental effects of the Proposed Program (the Statewide Vegetation Treatment Program, or 
VTP), identify ways to mitigate potential adverse impacts resulting from the identified treatments of 
the VTP, and evaluate alternatives to the VTP. 

The PEIR is a device originally developed by federal agencies under the National Environmental 
Protection Act (NEPA). Use of this approach was recommended for CEQA in the court decision of 
County of Inyo v. Yorty. The PEIR can be used effectively with a decision to carry out a new 
governmental program or to adopt a new body of regulations in a regulatory program. The PEIR 
enables the agency to examine the overall effects of the proposed course of action and to take steps to 
avoid unnecessary adverse environmental effects. 

Use of a PEIR enables the Lead Agency to characterize an overall program as the project being 
approved at that time. Following this approach, when individual activities within the program are 
proposed by either the lead agency or other agency tiering off of the PEIR, the agency is required to 
examine the individual activities to determine whether their effects were fully analyzed in the PEIR. If 
the activities would have no effects beyond those analyzed in the PEIR, the agency can assert that the 
program activities are part of the program that was approved by the decision maker, and no further 
CEQA compliance is required. This approach offers many possibilities for agencies to reduce their costs 
of CEQA compliance and still achieve high levels of environmental protection. (Section 21083, Public 
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Resources Code; Reference: Section 21003, Public Resources Code; County of Inyo v. Yorty, (1973) 32 
Cal. App. 3d 795) 

The role of the PEIR in environmental compliance documentation is to describe and analyze a 
series of related projects or activities that collectively are considered under CEQA as one large project 
with similar environmental effects that can be mitigated in similar ways. The PEIR eliminates the need 
for separate EIRs for each project (State CEQA Guidelines 15168), thereby streamlining the 
administrative process for subsequent projects by assessing the cumulative impacts of the larger 
program and developing program-wide policies, guidelines, and mitigation measures that should not 
have to be reconsidered for individual projects. 

PEIR Cumulative Effects Analysis 

A major objective of the PEIR is to identify and address the potential impacts of implementing the 
VTP. To meet this objective, the PEIR addresses the program-level impacts of vegetation treatments at 
the statewide level along with other agencies’ vegetation treatment programs (e.g. USFS, BLM, National 
Park Service (NPS), etc.) plus other related projects. Mitigation measures developed as a result of an 
analysis of cumulative impacts will ensure that a series of projects conducted under the VTP does not 
result in unrecognized large-scale impacts.  

Standard Practices and Mitigation Measures 

Because the PEIR analyzes the full range of VTP treatments and their potential impacts to 
resources, it can also identify and prescribe measures that can reduce those potential impacts to a less 
than significant level. Standard practices, minimum management requirements, and, if necessary, 
mitigation measures are used in all projects as well as a requirement that all projects be accompanied 
by a VTP PEIR checklist documenting adherence to all of the Program requirements. 

Scope of Project Implementation 

When the PEIR is relied on during implementation of subsequent activities, the Lead Agency must 
incorporate feasible mitigation measures and alternatives developed in the PEIR into the subsequent 
activities. If a public notice is required for the subsequent activities, the Lead Agency must state in the 
notice that the proposed activity is within the scope of the PEIR. (CEQA Guidelines sec. 15168(e)). 

1.9 PEIR and Program Duration 
The PEIR will remain in effect until such time as substantial changes in conditions occur or 

significant environmental impacts are identified that were not previously addressed in the PEIR. When 
either of these situations occurs, the PEIR may be amended or supplemented to address such new 
information. VTP projects could occur well into the future as long as the conditions within the project 
area do not change substantially beyond the conditions described in the document.  
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1.10 Organization of the PEIR 
The content and format of this PEIR are designed to meet the requirements of CEQA and the 

Guidelines. The report is organized into the following chapters: 

• The Executive Summary summarizes the need for the program, the program objectives, the 
Proposed Program and the Alternatives, conclusions regarding impacts of the Proposed 
Program, and issues of concern. 

• Chapter 1 describes the responsibility of CAL FIRE and the BOF, and the need for the VTP, 
the Proposed Program objectives, and the purpose of the PEIR. 

• Chapter 2 describes the Proposed Program. 
• Chapter 3 describes the Alternatives to the Proposed Program. 
• Chapter 4 describes the environmental setting.  
• Chapter 5 describes the environmental impacts and mitigation measures.  
• Chapter 6 describes the cumulative impacts of implementing the Proposed Program and the 

Alternatives. 
• Chapter 7 describes monitoring.  
• Chapter 8 is the Environmental Checklist for projects. 
• Chapter 9 describes the public scoping process. 
• Chapter 10 lists the individuals involved in preparation of the PEIR. 
• Appendices. 
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Chapter 2  Proposed Program 

2.1 Overview of Proposed Program 
The Vegetation Treatment Program (VTP) proposes to treat vegetation in order to meet the goals 

previously described. Vegetation may be treated by hand, mechanically using equipment, by prescribed 
fire, biologically using domestic livestock, and/or using herbicides (hereafter the term ‘herbicides’ also 
includes the application of borax as a fungicide – borax is the only non-herbicide chemical proposed for 
use in the VTP). Combinations of these treatments may occur in order to achieve the desired 
objective(s).  

The vegetation types that would potentially be treated (Table 2.1) or are unlikely to be treated (but 
could be treated) comprise about 38,000,000 acres while about 22 million acres would be excluded 
from treatment. The 38,000,000 acres that might be treated under the Proposed Program are 
comprised of about 34,958,000 acres, which are either privately owned or State owned lands (e.g. 
Department of Parks and Recreation (DPR) lands) that are designated as SRA or LRA, and about 
3,000,000 acres of federal DPA lands (see glossary for description of DPA). Figure 2.1 shows the 
bioregions where treatments would take place (see Section 4.1 for a description of the bioregions). 
Table 2.2 and Figure 2.2 summarize the vegetation status within the program by responsibility area, 
bioregion and California Wildlife Habitat Relationship (WHR) life form (Mayer and Laudenslayer, 1988).  

Table 2.1  
Vegetation Status in Program 
CWHR LIFE FORM –  
VEGETATION TYPE TREATABLE CWHR LIFE FORM – VEGETATION TYPE TREATABLE 

Annual and Perennial Grasslands Likely Cropland Excluded 
Closed Cone/Pine/Cypress Likely Deciduous Orchard Excluded 
Douglas-fir Forests Likely Desert Riparian Excluded 
Eucalyptus Likely Desert Wash Excluded 
Jeffrey, Ponderosa, Lodgepole & Eastside Likely Dryland Grain Crops Excluded 
Juniper Likely Estuarine Excluded 
Mixed Conifer Forests Likely Evergreen Orchard Excluded 
Montane Hardwood Conifer Likely Fresh Emergent Wetland Excluded 
Pinyon Juniper Likely Irrigated Grain Crops Excluded 
Redwood Likely Irrigated Hayfield Excluded 
Sagebrush Likely Irrigated Row and Field Crops Excluded 
Various Oak Woodland Likely Lacustrine Excluded 
Various Shrub Types Likely Orchard - Vineyard Excluded 
Wet Meadow Likely Palm Oasis Excluded 
Alpine-Dwarf Shrub Unlikely Irrigated Pasture Excluded 
Desert Scrub Unlikely Rice Excluded 
Desert Succulent Shrub Unlikely Riverine Excluded 
Joshua Tree Unlikely Saline Emergent Wetland Excluded 
Alkali Desert Scrub Unlikely Urban Excluded 
Agriculture Excluded Vineyard Excluded 
Barren Excluded Water Excluded 
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Figure 2.1 
Bioregions 
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Table 2.2 
Acres in Proposed Program by Life Form, Protection Area and Bioregion  

LRA Only Conifer Forest 
Conifer 

Woodland 
Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub Grand Total 

LRA 
Klamath/North Coast 21,500 1,100   18,700 14,500 48,300 15,500 119,600 
Modoc 9,000 1,800   6,000 3,200 17,400 109,100 146,500 
Sacramento Valley     3,100 77,900 280,100 600 361,700 
Sierra Nevada 42,000 500 4,200  9,000 7,500 48,800 24,200 136,200 
Bay Area / Delta 11,000    27,000 81,300 323,000 14,900 457,200 
San Joaquin 300    100 15,500 604,800 3,600 624,300 
Central Coast 900 200   11,800 21,000 89,600 19,200 142,700 
Mojave  31,400 2,169,400 65,400 1,900 100 2,600 24,600 2,295,400 
South Coast 4,200 600 12,200  9,200 44,000 213,100 321,200 604,500 
Colorado Desert  10,900 1,132,800 13,900  1,000 224,000 1,800 1,384,400 
LRA Subtotal 88,900 46,500 3,318,600 79,300 86,800 266,000 1,851,700 534,700 6,272,300 

SRA + DPA 
Klamath/North Coast 4,038,600 107,500   1,340,400 656,300 971,700 912,000 8,026,500 
Modoc 1,513,000 279,100   91,700 208,900 141,900 1,230,900 3,465,500 
Sacramento Valley 100    14,800 445,400 673,800 26,200 1,160,300 
Sierra Nevada 1,684,400 43,700 74,300 100 1,094,900 1,126,800 1,666,000 770,400 6,460,600 
Bay Area / Delta 529,200 200   451,600 557,200 970,300 376,100 2,884,600 
San Joaquin 2,300 19,500 700  3,200 57,100 1,032,100 57,900 1,172,800 
Central Coast 39,100 20,400 100  64,500 1,312,700 2,355,900 1,046,600 4,839,300 
Mojave 9,800 126,700 440,000 12,400 13,400 18,500 52,100 139,900 812,800 
South Coast 95,300 26,700 66,300 1,900 42,700 166,100 282,300 1,502,000 2,183,300 
Colorado Desert 900 52,000 368,900 300 1,000 4,900 4,300 248,200 680,500 
SRA+DPA Subtotal 7,912,700 675,800 950,300 14,700 3,118,200 4,553,900 8,150,400 6,310,200 31,686,100 
Grand Total 8,001,600 722,300 4,268,900 94,000 3,205,000 4,819,900 10,002,100 6,844,900 37,958,700 
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Figure 2.2 
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CAL FIRE would act as the lead agency for all projects on SRA lands, except for projects on DPR 
lands where State Parks may act as the lead agency. For projects on DPA lands where the majority of 
the funding is provided by the VTP, CAL FIRE would act as the lead agency but would be required to 
complete the necessary CEQA and NEPA compliance (see Section 2.6 How the Program Would Be 
Implemented for further details).  

2.2 Landscape Available To Be Treated 
Not all of the total landscape shown above (38 million acres) would be treatable, due to the 

following landscape constraints that limit where the Program could be applied: 

1. A watercourse and lake protection zone (WLPZ) will be established on each side of all Class I and II 
watercourses (see Glossary for definitions) that is equal to the widths specified in the CA Forest 
Practice Rules, which vary between 75-150 feet on each side of Class I watercourses and from 50-
100 feet on each side of Class II watercourses. WLPZs are measured by slope distance from the high 
water mark of the watercourse. Vegetation significant to maintenance of watercourse shade will 
not be disturbed within Class I and II watercourses. Vegetation within and adjacent to Class III 
watercourses will be retained, as feasible, to protect water quality.  

2. Heavy earth-moving equipment will not operate within the WLPZ of any Class I or II watercourse 
without a California Department of Fish and Game (DFG) Streambed Alteration Agreement, as 
indicated above except at existing or designated crossings. An exception to this practice may be 
allowed when conducting fish and wildlife habitat improvement or forestland conservation projects 
(see 3, below). Wider protection zones may be required on some sites if so indicated by 
environmental review of the project.  

3. Treatment of wet meadows, bogs, fens, marshes, vernal pools, and other wet areas, as well as the 
use of wet areas as natural barriers for containing prescribed fire, are permitted when such projects 
will result in maintenance and/or improvement of habitat for native plant and/or animal species. 
Necessary measures (such as obtaining a US Army Corps of Engineers (ACOE) wetland delineation, 
DFG consultation, PEIR mitigation measures, etc.) to minimize damage to wetlands will be 
incorporated into each such project. 

4. Treatments using heavy earth-moving equipment will not take place on known potential or active 
geologically unstable areas unless specific measures to minimize the effects of operations on slope 
stability are incorporated into project design. For potential operations on slopes mapped as high or 
very high geologic hazard, California Geologic Survey (CGS) will be requested to provide geologic 
review. 

5. Appropriate buffer zones, seasonal restrictions, firing techniques, etc., consistent with regulatory 
guidelines and recognized taxa-specific conservation measures, shall be implemented in areas 
where special status species, as defined by DFG (DFG, 2006), are known to occur. Such measures 
will be designed to protect and improve habitat for special status species. Occurrence information 
will be gathered primarily by a query of the most recent reasonably available and appropriate 
databases for biological information, and other reasonably available sources such as California 
Natural Diversity Database (CNDDB, 2006) or to the California Department of Fish and Game’s BIOS 
database (DFG, 2007).  
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2.3 Minimum Management Requirements  
In addition to the landscape constraints described above, all treatments under the Proposed 

Program will utilize the following standard practices known as minimum management requirements 
(MMRs) that place limitations on how the Program would be implemented: 

1. No tractors, trucks, cars, or other machinery will be serviced adjacent to lakes or watercourses, or 
within wet meadows and other wet areas, or in other areas where such servicing could allow grease, 
oil, fuel, or other toxic substances to enter lakes, watercourses, or wet areas. 

2. Heavy equipment will not operate on soils that are saturated. This means that equipment will not 
operate when soils are sufficiently wet that heavy equipment operations displace soils in amounts 
sufficient to cause a visible increase in turbidity to Class I, II, III, or IV waters or turbidity increases 
which would violate applicable water quality requirements. 

3. All state and local air quality regulations and ordinances will be complied with. The local Air Pollution 
Control District (APCD) or Air Quality Management District (AQMD) will be contacted to determine 
local requirements. 

4. Burning will only occur on Burn Days, as determined by the Air Pollution Control District or Air 
Quality Management Districts, or on days the local regulating authority has issued a variance or 
exception for the project.  

5.  A database search will be conducted for each project by a query of the most reasonably available 
sources and databases for biological information, including but not limited to, the CNDDB and BIOS. 
The search shall include a minimum search area of nine (9) USGS Quadrangles surrounding the 
project area. In cases where the project area extends into multiple quadrangles all adjacent 
quadrangles shall be included. Surveys may be necessary to determine presence/absence of special-
status plants or animals and to determine and evaluate site-specific impacts. The applicant will 
evaluate the potential direct and indirect impacts caused by the Project. The wildlife agencies shall 
be notified in writing with the Project scoping information (including the evaluation of direct and 
indirect impacts and the results of the database search), and asked for comments and 
recommendations. The lead agency as a result of consultation with the appropriate State or Federal 
agencies, or a qualified biologist, will modify project design, and/or incorporate mitigation to avoid 
significant adverse environmental impacts to special status species and other species. If avoidance is 
not possible, appropriate take permits (Federal Endangered Species Act (ESA) or California ESA) will 
be required. 

6. No new roads (including temporary roads) may be constructed or reconstructed (reconstruction is 
defined as cutting or filling involving >50 cu. yds/0.25 linear road miles). Existing roads, skid trails, 
fire lines, fuel breaks, etc. that require reopening or maintenance shall have drainage facilities (see 
Glossary) applied at the conclusion of the project that are at least equal to those of the California 
Forest Practice rules.  

7. Each project will incorporate measures designed to protect and manage cultural resources, including 
prehistoric and historic archaeological resources and resources important to maintenance of 
American Indian traditional cultures. Procedures for protecting cultural resources will follow the 
most current edition of the CAL FIRE manual, Archaeological Review Procedures for CAL FIRE 
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Projects (January, 2003, updated November, 2006 and April, 2010). For every VTP project, a 
preliminary study to determine the potential for cultural resource impacts will be conducted by CAL 
FIRE/applicant in collaboration with a CAL FIRE archaeologist or his/her designee. Based on 
recommendations from the preliminary study, further protective measures may be applied, 
including an on-the-ground cultural resources survey, notification of Native Americans, prefield 
research, development of protective measures, recording of sites, and completion of an 
archaeological reconnaissance report. For projects funded with federal dollars, consultation with the 
State Historic Preservation Office (SHPO) under the requirements of Section 106 is required where 
significant archaeological or historic resources are identified.  

8. When burning in areas with oak or conifer overstory, overstory trees will be protected through use 
of prescribed fire practices such as ignition and timing techniques and/or protection of leave trees.  

9. If treatments in oak woodlands could adversely affect wildlife habitat or species diversity, or lead to 
a cumulative decline in oak regeneration in the area, then the lead agency will take specific 
precautions to insure adequate oak regeneration. This could entail measures such as protecting oak 
seedlings from livestock grazing while regeneration is occurring, or planting oaks if natural 
regeneration fails within a specific period of time. 

10. In shrublands containing native oaks, treatments may incorporate retention of older, acorn-
producing oaks to create deer forage. Applicants may be required to plant other vegetation to 
promote species diversity and improve wildlife habitat, when such practices are not in conflict with 
program goals. 

11. All herbicides used will be applied in accordance with all label requirements and federal, state, and 
local laws and regulations.  

12. All herbicides will be applied in accordance with all applicable court orders, such as the requirement 
to establish a 60-foot “no spray” buffer (except for tree injection treatments) on each side of all 
salmon-supporting waters for the herbicides 2,4-D and triclopyr butoxyethyl ester within the range 
of the California Chinook, Coho and steelhead Evolutionarily Significant Units (ESUs) designated as 
critical habitat by NOAA Fisheries (formerly National Marine Fisheries Service). (This requirement 
results from the recent refusal by the U.S. Supreme Court to overturn court order C01-0132C issued 
by the Western District Court of the US 9th District Court on January 22, 2004. This buffer 
requirement will remain legally in effect until the U.S. EPA or NOAA Fisheries has evaluated the 
effect of these herbicides on Salmon ESUs and has complied with one of the “terminating events” in 
Section VI of the court order). 

13. An integrated pest management approach (see Glossary) will be used to design treatment 
specifications for treating noxious weeds and invasive plants using techniques such as those 
supported by the California Invasive Plant Council.  

14. In order to reduce the spread of invasive plants, only certified weed-free straw and mulch shall be 
used. If a treatment is slated to take place outside the limits of a road prism, all heavy equipment 
(bulldozers, skidders, graders, backhoes, dump trucks, etc.) will be cleaned prior to and immediately 
after treatments are implemented. Livestock used for vegetation treatments will be confined to 
forage that is free of invasive plants or seeds for at least four days before being introduced into 
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project areas. 

15. When drafting water from waterbodies potentially containing special status fish, reptiles and 
amphibians (e.g. for standby fire fighting equipment for prescribed fire, for watering roads, etc.) the 
applicant’s operations will conform to the current CA Forest Practice Rules for water drafting, at 14 
CCR 916.9, 936.9 and 956.9(r).  

16. Herbicide treatments will not be approved nor applied to more than 10% of the VTP acreage 
statewide that is proposed for treatment within any single fiscal year.  

17. No direct ignition of project activity fuels is allowed within the WLPZ. 

2.4 Treatable Landscape  
Not all of the available landscape can be treated by every one of the proposed treatment types 

due to the landscape constraints and minimum management requirements noted above, as well as 
other constraints, such as slope, access, location within and among the bioregions, whether in a WUI or 
not, etc. On the other hand, not all of the constraints above apply equally to all treatment types, e.g. 
limitations on heavy equipment may preclude mechanical treatments but hand or prescribed fire 
treatments may not be limited. As a result, the treatable landscape is generally restricted to low 
constraint lands (see Appendix A for a description of low constraint and how the acreage figures by 
treatment type were determined). The number of low constraint acres by treatment type by Bioregion 
are listed in Table 2.3. Typically these are the acres that would be treated by the Proposed Program. In 
some cases medium constraint acres might be substituted, since the Proposed Program is based on 
willing landowner participation.  

Table 2.3 
Proposed Program Treatable (Low Constraint) Landscape by Bioregion  
and Treatment Type 

Bioregion 
Total 

Available 
Prescribed 

Burn Manual Mechanical Herbicide Herbivory 

Acres 1/ 
Klamath/North Coast 8,158,000 4,048,700 8,158,000 1,011,900 5,322,200 8,158,000 
Modoc 3,616,900 2,426,400 3,616,900 2,216,400 2,911,900 3,616,900 
Sacramento Valley 1,524,300 381,500 1,524,300 506,800 564,400 1,524,300 
Sierra Nevada 6,605,500 1,591,200 6,605,500 1,674,500 4,828,000 6,605,500 
Bay Area / Delta 3,346,500 425,600 3,346,500 65,100 663,500 3,346,500 
San Joaquin Valley 1,799,800 147,900 1,799,800 572,900 787,600 1,799,800 
Central Coast 4,989,200 1,648,500 4,989,200 735,700 2,615,000 4,989,200 
Mojave 3,112,800 965,200 3,112,800 2,250,200 2,303,900 3,112,800 
South Coast 2,737,600 42,800 2,737,600 97,400 186,200 2,737,600 
Colorado Desert 2,067,800 557,000 2,067,800 1,080,700 870,800 2,067,800 
 37,958,400 12,234,800 37,958,400 10,211,600 21,053,500 37,958,400 

1/ Acres are the likely maximum number of acres within a bioregion that could be treated by a specific treatment 
type, e.g. 100% of the Klamath/North Coast bioregion could be treated by hand, while only about 4,048,000 acres 
could be treated with prescribed fire, as a result, rows are not additive.  
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2.5  Detailed Description of Treatments 

2.5.1 Overview 

For this PEIR, vegetation treatment is defined as the planned manipulation of vegetation and/or 
growing conditions affecting vegetation that has the goal of increasing or enhancing desired products 
or outputs (water quantity and quality, livestock forage, wildlife habitat, recreation) or protecting the 
site from destructive agents (wildfire, floods, insects and disease, post fire accelerated erosion, etc.). 

Vegetation management activities include the removal, rearrangement, or conversion of 
vegetation using various treatments. Treatment methods include prescribed fire, mechanical, manual, 
prescribed herbivory (see Glossary), and herbicide. Vegetation treatments may be applied singly or in 
any combination needed for a particular vegetation type to meet specific resource management 
objectives. The method or methods used will be those that are most likely to achieve the desired 
objectives while protecting natural resource values. The general suite of treatments likely to be 
initiated under the Proposed Program includes: 

• Prescribed fire (underburn, jackpot burn, broadcast burn, pile burn, establishment of control 
lines) 

• Mechanical (chaining, tilling, mowing, roller chopping, masticating, brushraking, skidding and 
removal, chipping, piling, pile burning) 

• Manual (hand pull and grub, thin, prune, hand pile, lop and scatter, hand plant, pile burn) 

• Prescribed herbivory (targeted grazing or browsing by cattle, horses, sheep, or goats) 

• Herbicides (ground applications only, such as backpack spray, hypohatchet, pellet dispersal, 
etc. ) limited to no more than 10% of annual acres treated (see discussion below in ‘Treatment 
Maintenance’ for other caveats) 

The Proposed Program would allow herbicide treatments on the landscape, subject to the 
landscape constraints and minimum management requirements noted above, and would not be limited 
to treatments funded and regulated by the CFIP Program. 

The vegetation treatments described are techniques or methods rather than end results. 
Prescriptions would incorporate the appropriate vegetation treatment(s) (techniques, methods) 
described above in order to create specific end results, such as shaded fuel breaks, fuel reduction 
zones, or improvement of browse or forage for wildlife or domestic stock. 

The number and type of vegetation treatments will be selected based on a number of parameters, 
which may include, but are not limited to: 

• Management program or objectives for the site  
• Historic and current conditions  
• Opportunities to prevent future problems  
• Opportunities to conserve desirable vegetation  
• Effectiveness and cost of the treatment methods and follow-up maintenance treatments 
• Available funding  
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• Success of past treatments, or treatments conducted under similar conditions  
• Recommendations by local experts 
• Characteristics of the target plant species, including size, distribution, density, life cycle, and life 

stage during which the plant(s) is (are) most susceptible to treatment  
• Non-target plant species potentially impacted by the treatment  
• Fuel configuration (amount, arrangement, and size classes)  
• Land use  
• Size of the target area  
• Topography, slope, and aspect of the treatment area 
• Accessibility of the treatment area 
• Soil characteristics of the treatment area 
• Weather conditions at the time of treatment, particularly wind speed and direction, precipitation 

prior to or likely to occur during or after application, and time of year  
• Proximity of the treatment area to sensitive areas, such as wetlands, streams, or habitat for plant 

or animal species of concern, rare plants and habitat structure vital to species survival and 
reproduction, air and water quality, soil productivity and cultural resources 

• Potential impacts to humans, fish, and wildlife  
• Need for subsequent revegetation 
• Maintenance of prior treated area 
• Ability/Willingness of landowner to maintain treated area 

These parameters would be considered before treatment methods are selected. Before vegetation 
treatment or ground disturbance occurs, CAL FIRE would consult specialists or databases for sensitive 
areas within the project area. The project sites would likely have to be surveyed for listed or proposed 
state or federally threatened or endangered species and rare plants and for evidence of cultural or 
historic sites.  

Initial treatments and follow up maintenance within specific vegetation types would vary 
depending on the ecological characteristics of the vegetation types, the objective(s) of the treatment, 
and funding. In general, all vegetation types will require follow up maintenance to meet long-term 
vegetation management goals. The type of follow up treatment and interval between treatments will 
depend on site conditions and project objectives. Some project maintenance will be carried out, with 
funding and under the guidelines of this program, some maintenance will be carried out with private 
funding outside program guidelines, and some projects will not be maintained at all. 

2.5.2   Prescribed Fire Treatments 

Prescribed fire is the intentional application of fire to fuels under specified conditions of fuels, 
weather, and other variables. The intent is for the fire to stay within a predetermined area to achieve 
site-specific resource management objectives. Prescribed fire may be used to control vegetation, 
enhance the growth, reproduction, or vigor of certain species, manage fuel loads, and/or maintain 
vegetation community types that meet multiple-use management objectives. Burning may be used 
prior to or after other treatments, including herbicide applications to enhance the effectiveness of 
those treatments. 
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Factors considered when designing and implementing a prescribed burn include weather 
conditions, slope and aspect, soil type, vegetation types and density, fuel moisture content, time of 
year, risks to dwellings and property, alternative treatment methods, and potential impacts on air and 
water quality, soil stability, land use, cultural resources, and threatened and endangered species.  

Prescribed fires can be classified into various types including broadcast burns, underburning and 
jackpot burning. Broadcast burns are usually done on small to moderately large areas in shrublands to 
1) improve browse or forage for wildlife or domestic stock or to 2) create fuel breaks, 3) to control 
invasive and noxious weeds, or 4) to treat slash in areas cleared of dead and/or live trees. A variation 
on this technique is to underburn forested areas to reduce surface or ladder fuels in shaded fuel breaks 
or to manage understory vegetation for wildlife habitat improvement or for production of cultural 
plants important to Native Americans. “Jackpot” burning is sometimes done where concentrations of 
surface fuels in forest stands are a fire hazard. This technique involves igniting the concentrations of 
fuel and limiting the fire to those slash concentrations. Burning of slash piles created by either tractors 
or by hand is a common method for treating vegetation where there are constraints that limit other 
types of burning. 

Broadcast burning may occur throughout the year; however, it is usually conducted during late 
spring when the ground is still wet or during fall or winter when precipitation is imminent and after 
plants have completed their yearly growth cycle and their moisture content has declined. Spring burns 
are preferred by CAL FIRE staff to ensure a greater measure of public safety. However, there may be 
impacts to animal and plant reproduction activities. Fall burns are more closely aligned with the natural 
fire cycle found in California. Some broadcast burning in grasslands may be done in May, after the 
annual grasses have cured. Piles of vegetation may be burned anytime after the vegetation has dried.  

“Cool” burn prescriptions, using techniques such as backfiring, chevron burning, and flank firing, as 
well as timing the fires during periods of high humidity and high fuel moisture content, would be 
expected to result in partial removal of understory or groundcover vegetation. The existing 
groundcover vegetation would be partially retained in a mosaic in forest and shrub communities. 

Commonly all prescribed burns will require the construction of control lines using hand or 
mechanical treatments. In some cases, extensive or mature shrubs must be pretreated by mechanical 
equipment to remove the aerial component of the vegetation and reduce the probability of an escaped 
fire when the vegetation is burned. Sometimes shrubs are pretreated with herbicides to kill the 
aboveground portions and cause them to dry before burning. 
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Figure 2.3 
Prescribed Burn of Chaparral in Southern California 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hand held ignition devices, such as drip torches, propane torches, diesel flame-throwers, and 
fusees (flares), may be used to start a prescribed fire. Area ignition apparatus include terra-torches and 
heli-torches. These apparatus release an ignited gelled fuel mixture onto the area to be treated. 
Helicopters may also be used to drop hollow polystyrene spheres (similar to ping-pong balls) containing 
potassium permanganate that are injected with ethylene glycol immediately before ignition (Figure 
2.3). The sphere ignition method is best used for spot-firing projects.  

Prescribed fire may be used in some situations where other treatment methods are not feasible 
due to rocky soils, steep slopes, or irregular terrain, although prescribed fire is limited to situations 
where sufficient fuel is available and arranged properly to carry the fire. It is also generally less 
expensive to treat vegetation using fire ($20 to $500 per acre for grasslands, woodlands and 
shrublands, with higher costs associated with treating forest types). However, project planning and pre-
treatment activities often increase costs dramatically. 

The use of prescribed fire comes with a risk of the fire burning out of control and damaging 
property and public improvements, endangering human life, and creating hazards from smoke. Timing 
of prescribed burns is dependent on specific weather conditions that are described in the burn plan 
prepared for the project. These weather conditions can often be difficult to meet. Thus alternative 
treatments, including chemical, prescribed herbivory, mechanical and manual, are often used to control 
vegetation near communities. In some situations, prescribed fire can encourage the establishment of 
invasive and noxious plants if the treatment site is not treated with herbicides or revegetated with 
desired plants following the fire.  
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Figure 2.4 
Examples of Prescribed Burning to Create Fuel Break 

  
A prescribed burn requires a burn plan that includes a map(s) with the project boundaries, 

describes the location and objectives of the project, a prescription describing the required weather 
conditions, fuel moisture, and soil and duff moisture, desired fire behavior, a public information plan, 
and a smoke management plan. The smoke management plan identifies the affected Air Pollution 
Control District or Air Quality Management Districts, smoke-sensitive areas, wind direction, venting 
elevation, and visibility factors required to disperse the smoke. The smoke management plan is 
designed to minimize public exposure to air pollutants generated by prescribed burns. Burning must 
adhere to local and state regulations and laws. The local Air Resources Control District will be consulted 
for special requirements for prescribed fires. 

2.5.3   Mechanical Treatments 

Mechanical treatments involve the use of motorized equipment, such as wheeled tractors, crawler-
type tractors, or specially designed vehicles with attached implements designed to cut, uproot, 
crush/compact, or chop existing vegetation. The selection of a particular mechanical treatment and 
equipment is based upon a number of factors, such as characteristics of the vegetation, seedbed 
preparation and revegetation needs, topography and terrain, soil characteristics, climatic conditions, 
and a comparison of the improvement cost to the expected increase in productivity or public and/or 
private benefit. Mechanical methods that may be used include chaining, root plowing, tilling and drill 
seeding, mowing, masticating, roller chopping and cutting, blading, grubbing, feller-bunching, and 
harvester-forwarder-processing. In addition, these mechanical treatments often require that the 
manipulated vegetation be burned. As new technologies and techniques are developed, they may be 
used if their impacts are similar to or less than those discussed below. 

Mechanical treatments are effective for removing dense stands of vegetation. Some mechanical 
equipment can masticate (mulch) or lop and scatter vegetative debris concurrently with vegetation 
removal. Mechanical methods are appropriate where a high level of control over vegetation removal is 
needed, such as in sensitive wildlife habitats or near home sites or communities, and are often used 
instead of prescribed fire or herbicide treatments for vegetation control in the Wildland Urban 
Interface (WUI). Unless used with follow-up herbicide treatments, mechanical treatments have limited 
use for noxious weed control, as the machinery tends to spread seeds and may not kill roots. 
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Mechanical vegetation control costs from $800 to $1200 per acre for equipment, fuel, and labor. 
Repeated mechanical treatments are often necessary, as residual weed or shrub seed in the soil or 
resprouting of shrubs may revegetate treated areas with undesired plants. 

Mechanical treatments are generally conducted when soils are not saturated with water to 
prevent soil compaction, excessive damage to dirt roads, or increased erosion and sedimentation into 
streams. In general, most mechanical treatments occur in late spring, summer, or fall (May 1 to 
November 15). These treatments are frequently used to install control lines for prescribed burns, to 
pretreat vegetation for subsequent burning, or as a stand-alone treatment. Disking may be used to 
uproot herbaceous vegetation and is usually done in late spring or early summer after the grasses and 
herbaceous vegetation have cured. Bulldozers can crush or uproot shrubs with a straight blade or 
brushrake. Rotary head cutters on articulated booms are effective at cutting shrubs and trees less than 
10 inches in diameter at breast height (4½ feet above the ground). 

Chaining consists of pulling heavy (40 to 90 pounds per link) chains in a “U” or “J” shaped pattern 
behind two crawler-type tractors, or by one tractor pulling a chain with a heavy ball attached to the 
end (Figure 2.5). The chain is usually 250 to 300 feet long and may weigh as much as 32,000 pounds. 
The width of each swath varies from 75-120 feet. Chain link size, modifications to links, and operation 
of the crawler tractors determine the number and size of trees and shrubs that are removed and the 
effects on understory species and soil disturbance. Chaining can be conducted during the appropriate 
season to benefit soil stability and plant seeding, and to reduce the invasion of weeds. 

Chaining is most effective for crushing brittle shrubs, such as manzanita and chamise, and 
uprooting woody plants. Chaining can be done on irregular, moderately rocky terrain, with slopes of up 
to 50%. Although chaining may cause soil disturbance, the resultant plant debris can be left in place to 
minimize surface erosion, shade the ground surface, maintain soil moisture and provide nutrient 
recycling. Alternatively, the debris can be burned to facilitate grass seeding, improve aesthetic values, 
and eliminate potential rodent habitat. Chaining is a cost effective means to incorporate grass seed into 
soil, especially in burned areas, as it provides a variety of seeding depths and microsites, which can 
improve ground cover and forage production. 

Tilling involves the use of angled disks (disk tilling) or pointed metal-toothed implements (chisel 
plowing) to uproot, chop, and mulch vegetation. This technique is best used in situations where 
complete removal of vegetation or thinning is desired, and in conjunction with seeding operations. 
Tilling leaves mulched vegetation near the soil surface, which encourages the growth of newly planted 
seeds. Tilling is usually done with a brushland plow, a single axle with an arrangement of angle disks 
that covers about 10-foot swaths. Sometimes a crawler-type tractor or a large rubber-tired tractor pulls 
an offset disk plow, which consists of multiple rows of disks set at different angles to each other. This 
method is often used for removal of sagebrush and similar shrubs and works best on areas with smooth 
terrain and deep, rock-free soils. Chisel plowing can be used to break up compacted soils, such as 
hardpan.  

 

 

 



Proposed Program 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

 2- 15 

 

Figure 2.5 
Chain Behind Bulldozer 

 

Drill seeding and drilling is often done in conjunction with tilling. The seed drills, which consist of a 
series of furrow openers, seed metering devices, seed hoppers, and seed covering devices, are either 
towed by or mounted on a tractor. The seed drill opens a furrow in the seedbed, deposits a measured 
amount of seed into the furrow, and closes the furrow to cover the seed. Seed may also be injected 
into the soil directly through direct “drilling” without creating furrows.  

Mowing tools, such as rotary mowers on wheeled tractors or other equipment, or straight-edged 
cutter bar mowers, can be used to cut herbaceous and woody vegetation above the ground. Mowing is 
often done along highway right-of-ways to reduce fire hazards, improve visibility, prevent snow 
buildup, or improve the appearance of the area. Mowing is also used in sagebrush habitats to create a 
mosaic of uneven-aged stands and enhance wildlife habitat. Mowing is most effective on annual and 
biennial plants. Mowing rarely kills weeds, so an area may have to be mowed repeatedly for the 
treatment to be effective. However, the use of a “wet blade,” in which an herbicide flows along the 
mower blade and is applied directly to the cut surface of the treated plant, has greatly improved the 
control of some species. In addition, chipping equipment can be used to cut and chip vegetation.  

Roller chopping tools are heavy bladed drums that cut and crush vegetation up to five inches in 
diameter with a rolling action. Crawler-type tractors, farm tractors, or a special type of self-propelled 
vehicle designed for forested areas or range improvement projects pull the drums. During blading, a 
crawler type tractor blade shears small shrubs at ground level. The topsoil could be scraped with the 
shrubs and piled into windrows during this operation, although blading is generally limited to areas 
where degradation to the soil is acceptable, such as along right-of-ways or in borrow ditches.  

Masticating equipment installed on small wheeled tractors, wheeled or crawler-type tractors, 
excavators, or other specialized vehicles, is used to cut shrubs and trees into small pieces that are 
scattered across the ground, where they act as mulch (Figure 2.6). Shrubs and sapling-size trees are 
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typically masticated with small-wheeled tractors and crawler-type tractors, while excavators are often 
used when larger trees are removed. Small-wheeled tractors generally operate on slopes less than 20% 
while excavators and tractors can operate on slopes up to 45%. 

Figure 2.6 
Mastication 

  

Grubbing is done with a crawler-type tractor and a brush or root rake attachment. The rake 
attachment consists of a standard dozer blade adapted with a row of curved teeth projecting forward 
at the base of the blade. Shrubs are uprooted and roots are combed from the soil by placing the base 
of the blade below the soil surface. Grubbing significantly disturbs surface soil horizons and perennial 
grasses and forbs; so grubbed areas are usually reseeded with desired species to prevent extensive 
runoff and erosion. Runoff and erosion on steeper slopes and/or more erosive soils can be greatly 
reduced by pushing shrubs into windrows on contours across the slope. These windrows can be 
burned, or left in place to become wildlife habitat as they gradually decompose through natural 
processes. 

Removal of trees from commercial or precommercial thinning or partial cutting for fuel hazard 
reduction projects, shaded fuel breaks, and wildlife habitat improvement projects are done with a 
variety of equipment. Feller-bunchers and harvester-forwarder-processors are used primarily east and 
northeast of the Central Valley, on slopes of less than 35%, and for handling trees that are between 4-
22 inches in diameter. Feller-bunchers clamp the trunks of trees, cut them at the base, pick them up, 
and bundle them into piles or load them onto trucks. Rubber-tired skidders or crawler tractors 
equipped with grapples skid the piles to landings, where they are processed. Harvesters cut trees and 
remove the limbs and cut logs to length, at which point the forwarder moves them to landings. A 
variety of cable yarders pull logs or whole trees to landings, where they are processed and loaded on 
trucks. Large chippers or “tub-grinders” are often used to chip the tops and limbs to generate mulch or 
biomass, which can be used onsite, sold to homeowners or garden supply stores, or used in power 
generation facilities.  

It is anticipated that some material generated by the Proposed Program might be removed to a 
biomass plant concurrent with Program operation. Because the cost to remove such fuel is high, it is 
anticipated that no more than 10% of mechanical treatments might generate biomass, and only then 
when the material is chipped on site and only when the projects are near an existing biomass plant. 
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Also, several bioregions have few to no biomass plants including the Mojave, Colorado Desert, South 
Coast and Bay Area Delta, such that little if any biomass produced from mechanical treatments is 
expected to be removed from the project site. Removal of material for commercial purposes will 
require an additional CEQA review, most likely through filing a timber harvest plan, or filing for one of 
several exemptions available to landowners under the Forest Practice Rules.  

2.5.4   Manual Treatments 

Manual treatment involves the use of hand tools and hand-operated power tools to cut, clear, or 
prune herbaceous and woody species. Treatments include 1) thinning trees, 2) cutting undesired plants 
above the ground level, 3) pulling, grubbing, or digging out root systems of undesired plants to prevent 
sprouting and regrowth, 4) cutting at the ground level or removing competing plants around desired 
species, or 5) placing mulch around desired vegetation to limit competitive growth. Slash created by 
manual treatments is typically treated by 1) lopping to a specified maximum length and scattering to 
within a specified distance from the ground to facilitate decomposition and reduce flame lengths in the 
event of a fire, 2) piling by hand and burning during wet periods of the year, 3) piling and leaving piles 
unburned for wildlife habitat, 4) chipping, with the chips blown onto the ground or into piles for later 
removal, 5) cutting tree trunks into lengths for firewood gatherers, and/or 6) removing tree trunks by 
hand for utilization. 

Hand tools used in manual treatments include the handsaw, axe, shovel, rake, machete, grubbing 
hoe, mattock (combination of cutting edge and grubbing hoe), pulaski (combination of axe and 
grubbing hoe), brush hook, hand pruners, and pole pruning saws. Power tools, such as chain saws, 
power brush saws, and power pruning saws, are also used, particularly for thick-stemmed plants and 
thick limbs.  

Manual treatments, such as hand pulling and hoeing, are most effective where weed infestations 
are limited and soil types allow for complete removal of plant material (Figure 2.7). Pulling works well 
for annual and biennial plants, shallow-rooted plant species that do not resprout from residual roots, 
and plants growing in sandy or gravelly soils. Repeated treatments are often necessary due to soil 
disturbance and residual weed seeds in the soil.  
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Figure 2.7 
Hand Fuel Break 

 

Manual techniques can be used in many areas and usually with minimal environmental impacts. 
Although they may have limited value for weed control over a large area, manual techniques are highly 
selective. Manual treatment is effectively used in sensitive habitats, such as riparian areas and wet 
areas and areas where burning or herbicide application would not be appropriate, to install control 
lines for prescribed burns where mechanical equipment cannot be used, around structures, and in 
areas that are inaccessible to vehicles. 

Manual treatments are expensive and labor intensive compared to other vegetation management 
methods, such as prescribed burning and herbicide application. Typical manual vegetation control costs 
have ranged from $70 to $1200 per acre (Metz, pers. comm., 2006) to upwards of $2,200/acre in the 
Logtown (El Dorado County) community assistance grant. Manual methods may also be more 
dangerous for the workers involved in implementation when sharp or power tools are used under 
difficult working conditions (e.g. steep terrain with slippery ground cover, plants, such as poison oak, 
that contain potentially toxic or hazardous compounds). While manual techniques may not be efficient 
or cost effective over large acreages, they may be useful for highlighting specific invasive species 
problems and for educating public land users. Manual methods may also be cost effective for small-
scale projects where heavy equipment move in/out costs are prohibitive. 

2.5.5   Prescribed Herbivory Treatments 

Prescribed herbivory treatments involve the intentional use of domestic livestock. Prescribed 
herbivory treatments are used to reduce the targeted plant population to an acceptable level by 
stressing target plants and reducing competition with the desired plant species.  

Domestic livestock, such as cattle, horses, sheep, or goats, control the top-growth of certain non-
native invasive and noxious weeds, which can help to weaken the plants and reduce the reproduction 
potential (Figure 2.8). The animals benefit by using the weeds as a food source and can, after a brief 
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adjustment period, consume 50% or more of their daily diet of the weed, depending on the animal and 
plant species.  

Cattle and horses primarily eat grass, and occasionally cattle also eat some shrubs and forbs. Sheep 
consume many forbs, as well as grasses and shrubs, but tend not to graze an area uniformly. Goats 
typically eat large quantities of woody vegetation as well as forbs and tend to eat a greater variety of 
plants than sheep. Goats and sheep are effective control agents for leafy spurge, Russian knapweed, 
toadflax, other weed species, and some types of shrubs.  

Figure 2.8 
Goats Maintaining Fuel Break 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
A successful treatment program can enhance habitat for wildlife. For example, cattle, horses, 

and sheep feeding in the spring and early summer can thin understory forbs and grasses, reducing 
competition for light, nutrients, and water for desirable shrub species. The shrub species will then 
increase their vegetative output for winter browsing by deer and other wildlife.  

In order for this treatment to be effective, the right combination of animals, stocking rates, timing, 
and rest must be used. Prescribed herbivory by domestic animals should occur when the target species 
is (are) palatable and when feeding on the plants can damage them or reduce viable seeds. 
Additionally, prescribed herbivory should be restricted during critical growth stages of desirable 
competing species. When desirable species are present, there needs to be adequate rest following the 
treatment to allow the desirable species to recover.  

Whenever the use of livestock to control undesirable vegetation is being considered, the needs of 
the domestic animals as well as the other multiple use objectives for the area must be considered. A 
herder, fencing, mineral block, and/or a watering site may be required to keep the animals within the 
desired area. Many weed species are less palatable than desired vegetation, so the animals may 
overgraze desired vegetation rather than the weeds. Additionally, some weeds may be toxic to certain 
livestock and not to others, which will influence the management option selected. Proper management 
of the domestic animals is extremely important if this method of treatment is to be successful.  
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Caution should be used whenever prescribed herbivory or any other vegetation control is 
prescribed near riparian areas and wet areas, in steep topography, or in areas with highly erodible soils. 
Weed seeds may still be viable after passing through the digestive tract of animals, so the animals 
should not be moved to weed-free areas until ample time has passed for all seeds to pass through their 
systems. Seeds can also travel on the wool or hair of domestic stock. Typical prescribed herbivory costs 
range from $500 to $1200 per acre. 

2.5.6  Herbicide Treatments 

Herbicides are chemicals that damage or kill plants. Herbicides can be classified by their mode of 
action and include growth regulators, amino acid inhibitors, grass meristem destroyers, cell membrane 
destroyers, root and shoot inhibitors, and amino acid derivatives, all of which interfere with plant 
metabolism in a variety of ways.  

Herbicides can also be categorized as selective or non-selective. Selective herbicides kill only a 
specific type of plant, such as broad-leaved plants. Some herbicides used for noxious weed control are 
selective for broad-leaved plants, so that they can be used to control weeds while maintaining grass 
species. Other herbicides, such as glyphosate (Roundup®) are non-selective, so must be used carefully 
around non-target plants. Typical herbicides likely to be applied include, but are not limited to: 

• 2,4-D (Dimethylamine Salt, & 2-Ethylhexyl Ester) 

• Glyphosate (Isopropylamine Salt, Potassium Salt, & Diammonium Salt) 

• Hexazinone 

• Imazapyr (Isopropylamine Salt) 

• Triclopyr (Butoxyethyl Ester & Triethylamine Salt) 

• Clopyralid (Monoethanolamine Salt) 

• Sulfometuron Methyl 

• Borax (Sporax) 

• NP9E (a commonly used surfactant) 

Herbicide treatments legally must comply with the U.S. Environmental Protection Agency (EPA) 
label directions as well as California Environmental Protection Agency, Department of Pesticide 
Regulation (DPR) label standards. Several herbicide application methods are available. The application 
method chosen depends upon an Integrated Pest Management (IPM) analysis, which includes an 
analysis of the 1) treatment objective (removal or reduction), 2) accessibility, topography, and size of 
the treatment area, 3) characteristics of the target species and the desired vegetation cover, 4) location 
of sensitive areas and potential environmental impacts in the immediate vicinity, 5) anticipated costs 
and equipment limitations, 6) meteorological, vegetative, and soil conditions of the treatment area at 
the time of treatment, and 7) proximity of human habitation.  

Herbicide recommendations are developed and updated for each herbicide project, generally by a 
licensed pest control adviser. The plan includes project specifications, key personnel responsibilities, 
communication procedures, safety, spill response, and emergency procedures. The plan also specifies 
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minimum buffer widths between treatment areas and water bodies when using herbicides not 
approved for aquatic use. 

Procedure For Considering New Chemical Products 

New chemical products and formulations are likely to become available to land managers in the 
future. Use of one or more of these products may be deemed more desirable for particular vegetation 
treatment goals than currently available chemicals. New products may be more efficacious at lower 
application rates or lower active ingredient (a.i.) rates; less toxic or mobile, have fewer non-target 
effects, be cheaper, etc. The following is a brief summary of the protocol that will be used to evaluate 
new products for use. 

New chemicals would first have to be registered for the anticipated use under the Federal 
Insecticide, Fungicide and Rodenticide Act (FIFRA) by the U.S. EPA. This registration would be backed by 
toxicological, environmental fate, and ecotoxicity data submitted by the pesticide manufacturer and 
reviewed by the U.S. EPA. Re-registration by the U.S. EPA of active ingredients and products “that were 
originally registered before current scientific and regulatory standards were formally established” is 
also required to evaluate any new information and modify registrations, labels and tolerances, as 
necessary. (EXTOXNET, “Pesticide Regulation”, 2001). This data is used to assess the potential human 
health and ecological risks from use of the chemicals. 

Before new products are registered for use in California, they would have to be registered by the 
CDPR, which could add further label restrictions. 

The potential use of new herbicides or fungicides in the VTP would require a review to ensure 
compliance with CEQA. The process would include a review of relevant documents, CEQA (VTP PEIR and 
other state agency Programmatic EIRs) and NEPA (USFS, BLM, USFWS and other federal agency EAs or 
Programmatic EISs), to determine whether any have fully covered the use of the proposed new 
chemical(s). The review will determine the potential human health and ecological risks of the new 
chemical’s use, by addressing the following criteria: 

• Identification of potential use patterns, including target plants, formulation, application 
methods, locations to be treated, application rate, and anticipated frequency of use. 

• Review of chemical hazards relevant to the human health risk assessment, including 
systemic and reproductive effects, skin and eye irritation, allergic hypersensitivity, 
carcinogenicity, dermal absorption, eurotoxicity, immunotoxicity, and endocrine 
disruption.  

• Estimation of exposure to workers applying the chemical or reentering a treated area. 

• Environmental fate and transport, including drift, leaching to groundwater, and runoff 
to surface streams and ponds. 

• Estimation of exposure to members of the public. 

• Review of available ecotoxicity data, including hazards to mammals, birds, reptiles,  
amphibians, fish, and aquatic invertebrates.  

• Estimation of exposure to terrestrial and aquatic wildlife species. 
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• Characterization of risk to human health and wildlife. 

Herbicide application schedules are designed to minimize potential impacts to non-target plants 
and animals, while remaining consistent with the objective of the Proposed Program. The application 
rates depend upon the target species, the presence and condition of non-target vegetation, weather 
and site conditions, soil type, depth to the water table, presence of other water sources, the label 
requirements, approved DPR rates, and sensitivity of non-target species.  

Herbicides will only be applied on the ground from equipment on vehicles (including all terrain 
vehicles and tractors) or by manual application devices (Figure 2.9). Herbicides may be applied to green 
leaves with a backpack applicator or spray bottle, wick (wiped on), or wand (sprayed on) or applied as 
pellets to the ground surface. Herbicides can also be applied to trees around the circumference of the 
trunk on the intact bark (basal bark), to cuts in the trunk or stem (frill, or “hack and squirt”), to cut 
stems and stumps (cut stump), or injected into the inner bark.  

Figure 2.9 
Ground Application of Herbicides 

  

No aerial applications will be approved or funded under the Proposed Program.  

Herbicides can be used selectively to control specific types of vegetation or non-selectively to clear 
all vegetation on a particular area. Herbicides can be applied over large areas and in remote locations, 
or applied using spot applications in environmentally sensitive areas. The cost of herbicide application 
generally ranges from $20 to $250 per acre. 

There are several drawbacks and limitations to herbicide use. Herbicides can damage or kill non-
target plants. Weeds may develop a resistance to a particular herbicide over time. Herbicides or their 
adjuvants at sufficient dosages can be toxic or cause health problems in humans, animals, birds, 
amphibians, reptiles, insects, and fish. Many of these limitations are offset by requirements that apply 
to application methodology, regulatory requirements (e.g. requirement to have a licensed Pest Control 
Advisor (PCA) involved in the project, etc.) label restrictions, and project specific guidelines.  

Restricted use herbicides must be applied according to written recommendations from a licensed 
PCA according to the label and by an herbicide applicator certified by the DPR. Permits to apply 
restricted herbicides are issued by County Agricultural Commissioners (CACs). Since permits are the 
functional equivalent of CEQA, they must be site and time specific. Site specificity is achieved by a clear 
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description of the site when the permit is issued. Since permits are issued for a 12- or 24-month period, 
time-specificity is achieved by having the permittee file a “notice of intent” (NOI) to apply the herbicide 
at least 24 hours before the scheduled application. The notice must describe the site to be treated and 
the herbicides to be applied. It must also contain information on any changes in the environmental 
setting (for example, construction of residences or schools or changes in vegetation cover types that 
may have occurred since the permit was issued). This notice allows the CAC an additional opportunity 
to review the planned application and apply additional restrictions if needed. 

County Agricultural Commissioners may also issue multi-year permits for perennial agricultural 
plantings (such as fruit trees or grapevines), non-production agricultural sites, and non-agricultural 
sites. However, the permittee must immediately notify the CAC of any changes in the information on 
the permit (ex. a change in the kind of crops planted, or a newly constructed labor camp or home 
nearby). County staff review notices of intent and can halt the proposed application if conditions 
warrant. County staff makes pre-application inspections on at least five percent of the use sites 
identified by permits or notices of intent. These are primarily spot checks to ensure that information 
contained on the permit is accurate.  

2.5.7  Treatment Maintenance 

Most treatments require maintenance, usually within three to twenty-five years after the original 
treatment (Bureau of Land Management, 2005). In general, shrub vegetation types would be treated 
on 7-15 year rotation, or occasionally on rotations as long as 20- to 25-years, which would allow 
enough time for dead material to collect in order to sustain a prescribed fire. Treatments in conifer 
vegetation types might initially involve mechanical or hand treatment to reduce surface and ladder 
fuels. Following the initial treatment, prescribed fire could be used at 5- to 10-year intervals to 
maintain low fuel hazards. Maintenance treatment intervals are generally related to the vegetation life 
form, landscape location (e.g. climate and soil types influence plant regrowth) and to treatment type. 
For analysis purposes, and given no other significant site disturbance such as wildfire, maintenance is 
assumed to occur at the following time intervals: 

• Grasslands – 2-5 years after previous treatment 
• Shrublands – 5-10 years after previous treatment 
• Forestland – 10-15 years after previous treatment 

Research by Finney (Finney, 2001; Finney & McHugh, 2005) indicates that not all acres need to be 
treated in order to achieve changes in wildland fire behavior. In addition, because the VTP is based on 
willing landowner participation, not every acre initially treated will receive a maintenance treatment. 
For analysis purposes, the Proposed Program treats 35% of all originally treated lands with a follow-up 
maintenance treatment. Generally only 12% (e.g. 35% times 35%) of originally treated lands receive a 
second maintenance treatment, and only 4% of the originally treated lands receive a third treatment  

Often the maintenance treatment is different than the original treatment, such as a prescribed 
burn followed by herbicide application(s) to control shrub regrowth, or hand treatment using 
chainsaws to create shaded fuel breaks along public roads followed by periodic under burning to keep 
sprouting and fuel loads low. Maintenance treatments can often be conducted with fewer adverse 
environmental effects than the original treatment. Initial treatments are not likely to include many 
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herbicide treatments, however many of the maintenance treatments (up to the 10% yearly cap noted 
in MMR 16) are expected to utilize herbicides.  

While no aerial application of herbicides is permitted in the Proposed Program, landowners can 
implement aerial application of herbicides as a maintenance treatment outside of the program. As 
noted above, landowners are not allowed to apply for funding for initial or maintenance treatments 
using aerial application of herbicides. However, ground applied herbicide treatments can be funded. 

2.5.8  Treatment Combinations 

Although the aforementioned treatment types are described individually, they are typically 
implemented in combination. For example, the average prescribed burn of 260 acres requires up to 2.5 
miles of fireline, which can result in as many as 11 of the 260 acres being cleared by heavy equipment 
for use as control lines. Handwork, to create the 100 feet of defensible space around dwellings required 
by PRC 4291, is often accompanied by slash pile burning the winter after treatment. For analysis 
purposes, projects that require multiple treatments, whether in the same year or in a following year, 
will have each treatment accounted for separately as part of the Proposed Program treatment goal of 
216,910 acres. Thus, a prescribed fire might require burning 260 acres and conducting 11 acres of 
mechanical treatment, which for the purpose of analyzing the environmental effects of treatments in 
this EIR is treated as 271 acres, even though the project acreage documented in CAL FIRE 
accomplishment reports would only be 260 acres. 

2.5.9  Distribution and Location of Area Treated Annually 

Between 1,000,000 and 2,500,000 acres of treatments would be applied across the landscape in 
any 10-year period, with approximately 216,910 acres treated per year. The distribution of treatments 
by treatment type is based on trends from the past five years, as well as CAL FIRE policy: Based on 
recent trends, average project size is expected to be around 260 acres (BBWA, 2006).  

• 53% of all treatments are expected to use prescribed fire  
• 10% are expected to use hand treatments  
• 18% are expected to use mechanical treatments  
• 9% are expected to use herbicide treatments  
• 10% are expected to use prescribed herbivory  

The spatial location of the treatments implemented by the Proposed Program is likely to follow the 
pattern of the past five years, as treatments continue to be initiated by willing landowners responding 
to the various CAL FIRE programs that provide funding. Based on trends from past accomplishments 
(CAL FIRE, 2006), the Proposed Program would treat approximately the following acreages over a ten-
year period by bioregion (Table 2.4). 
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Table 2.4 
Proposed Program Treatment Acreage by Bioregion 1/ 

Bioregion Total Landscape 
Acres in Bioregion 

Distribution 
of 

Treatments 

Acreage 
Proposed for 

Treatment First 
10 Years 

Approximate 
Annual Acreage 

Treated 

North Coast/Klamath 8,158,000 11.7% 253,500 25,350 

Modoc 3,616,900 10.3% 223,200 22,320 

Sacramento Valley 1,524,300 14.4% 312,000 31,200 

Sierra 6,605,500 19.8% 429,100 42,910 

Bay Area 3,346,500 7.2% 156,000 15,600 

San Joaquin 1,799,800 5.4% 117,100 11,710 

Central Coast 4,989,200 17.5% 380,000 38,000 

Mojave 3,112,800 0.9% 20,000 2,000 

South Coast 2,737,600 9.5% 205,600 20,560 

Colorado Desert 2,067,800 3.3% 72,600 7,260 

Total 37,958,400 100.0% 2,169,100 216,910 
1/ Treatment effects are based on ~ 53% of treatments using prescribed fire, ~18% use mechanical treatments, ~ 
10% use hand treatments, ~9% use herbicides and ~ 10% use prescribed herbivory.  

Although an annual number of acres are shown, it should not be considered as an upper limit to 
the number of acres that might be treated in a particular year. Rather the annual acreage figure is 
shown because some resource effects are analyzed over a 1-year period (e.g. prescribed fire, smoke 
and air quality) while others are analyzed over a longer time frame (treatment effects on soil, water 
quality, etc.) If the acreage treated within any bioregion exceeds 110% of the yearly amounts above, 
then additional analysis will be required at the project level to assess whether there are significant 
effects.  

Using the average treatment size of 260 acres, the number of areas identified as spatially specific 
“projects” that might be implemented over a ten year period as a result of the Proposed Program, by 
treatment type and by bioregion, is shown in Table 2.5. 
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Table 2.5 
Number of VTP Projects per 10 Year Period by Bioregion and Treatment Type 

 Number of Projects Over 10 Years 

Bioregion Total 
Prescribed 

Fire Mechanical Hand Herbicides Herbivory 
North Coast/Klamath 975 516 175 96 88 100 
Modoc 858 455 155 86 77 86 
Sacramento Valley 1,200 635 215 118 108 123 
Sierra 1,650 874 296 163 148 169 
Bay Area 600 318 108 59 54 62 
San Joaquin 450 238 81 45 40 46 
Central Coast 1,462 794 269 148 135 115 
Mojave 77 41 14 8 7 8 
South Coast 791 419 142 79 71 79 
Colorado Desert 279 159 54 30 27 10 
Total 8,343 4,450 1,510 830 750 800 

2.6 How the Proposed Program Would be Implemented 
The VTP is a voluntary program that will focus on the use of prescribed fire, mechanical 

treatments, and a variety of other means for treating vegetation on SRA and LRA lands and federal 
Direct Protection Areas (DPAs).  

Under the VTP, private landowners, public agencies (such as Resource Conservation Districts) and 
non-profit groups enter into a contract or agreement with CAL FIRE to use identified treatments to 
accomplish a combination of fire protection and resource management goals authorized under this 
VTP. Such projects are regulated through the specific requirements under one or more of the programs 
mentioned in Section 1.4. Implementation of VTP projects is through local CAL FIRE Units. The projects 
that fit within a unit's priority areas (e.g., those identified through the Unit Fire Plan) and are 
considered to be of most value to the unit are those that will be completed.  

In many cases, projects would be implemented through agreements between CAL FIRE and county 
and community Fire Safe Councils. Fire Safe Councils are non-profit organizations composed of 
individuals, public and private agencies and companies that share a common, vested interest in 
preventing and reducing losses from wildfire. There are over 150 county and community Fire Safe 
Councils throughout the state and they are annually implementing hundreds of fuel reduction/fire 
protection projects that cover thousands of acres of non-industrial private property. Figure 2.10 shows 
the location and extent of coverage of fire safe councils. 
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Figure 2.10 
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Source: California Fire Safe Council 
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Projects conducted under the auspices of the VTP will be evaluated using an environmental 
checklist (Chapter 8) to determine whether the environmental effects of the projects were 
addressed in the PEIR. The environmental checklist includes the potential impacts and mitigation 
measures described in the PEIR. No additional CEQA documentation will be required if the 
subsequent project is within the scope of the program and if the environmental effects have been 
evaluated in the PEIR. However, other permits may be required for implementation. 

If the checklist reveals that the proposed project may result in one or more significant impacts 
not addressed in the PEIR, the following actions may be taken: 

• The project may be changed to avoid the potential impact; 
• The project may be cancelled; or 
• Additional CEQA analysis, in the form of a negative declaration or EIR, may be  

  conducted to identify the impacts and feasible mitigation. 

Guidelines for the development of, and participation in, VTP projects will be similar to those 
used for the existing VMP and CFIP. CAL FIRE may share the costs of the project, accept liability in 
the case of an escaped fire, and suppress escaped fires. CAL FIRE, acting on behalf of private 
landowners, the California Department of Parks and Recreation, DFG and a variety of regional and 
local agencies, such as Resource Conservation Districts, local fire protection agencies, or fire safe 
councils, may initiate VTP projects. Participants must be willing to: 

• Enter into a contract with CAL FIRE to implement the project; 
• Assume and guarantee payment of a proportionate share of the project in cases  

  where cost share is required by CAL FIRE programs; and 
• Develop or direct completion of a treatment plan. 

Assistance for project funding will be dependent on the availability of funds and consistency 
with the objectives of the VTP. CAL FIRE will also evaluate the relationship between public and 
private benefits to determine the basis for the cost-sharing agreement. Projects that would benefit 
only private landowners will receive the least assistance, while projects that emphasize public 
benefits will receive the most assistance. For instance, CAL FIRE would not fund that portion of a 
fuel reduction project that is required by regulation (e.g. PRC 4291 to provide defensible space 
around dwellings) and which would not provide protection to a community or high-value 
resources. Conversely, CAL FIRE would provide a larger proportion of the funding for projects that 
benefit the public, such as reducing fuel hazard to protect communities and high-value resources 
or that CAL FIRE has designated as high priority in Unit Plans. 

In conifer forests the VTP would likely authorize prescribed fire, handwork and mechanical 
treatments. Title 14, California Code of Regulations (CCR) (the forest practice rules or FPRs) 
regulates the removal of commercial forest products. The VTP does not include projects that 
would cut or remove timber or other solid wood products from timberlands for commercial 
purposes (as defined by Public Resources Code 4527) and would require a timber harvesting plan 
(THP), non-industrial timber management plan (NTMP), or program timberland EIR (PTEIR). The 
VTP may fund or provide environmental clearance for projects that are already exempt under CCR 
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Section 1038 however any profit realized from the sale of commercial products must be used to 
offset project costs, which may result in a net zero profit for the landowner. 

2.7  Known Areas of Controversy 
Section 15123(b) of the State CEQA Guidelines requires that an EIR identify areas of 

controversy known to the lead agency, including issues raised by agencies and the public. Several 
effects of implementing the Proposed Program are expected to be controversial, including the 
following: 

• Impacts to air quality in certain air basins due to smoke from prescribed fire treatments  
• Potential impacts to water quality, biological resources and human health from application 

of herbicides as a prescribed treatment funded under the Proposed Program 
• Potential impacts to water quality, biological resources and human health from application 

of herbicides not prescribed or funded under the Proposed Program, as a before or after 
treatment 

• Potential unintended effects of the application of herbicides  
• Potential spread of invasive plants due to treatments  
• Potential for loss of life, property and resource values due to escaped prescribed fire 
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Chapter 3  Alternatives 

3.1 Overview of Alternatives 
In accordance with Section 15126 of the CEQA Guidelines, a draft EIR must analyze a range of 

reasonable alternatives to the proposed project that could feasibly attain the objectives of the project. 
The CEQA Guidelines provide the following direction for analysis of the alternatives. 

• Describe a range of reasonable and feasible alternatives to the project, or to the 
location of the project. 

• Evaluate the comparative merits of the alternatives. 

• If there is a specific proposed project, explain why other alternatives were rejected in 
favor of the proposal. 

• Focus on alternatives capable of avoiding or substantially lessening significant adverse 
environmental effects or reducing them to a level of less than significant, even if these 
alternatives would impede to some degree the attainment of the project objectives, or 
would be more costly. 

• If an alternative would cause one or more significant effects in addition to those that 
would be caused by the project as proposed, the significant effects of the alternative 
shall be discussed, but in less detail than the significant effects of the project as 
proposed. 

As a result of these requirements, the following alternatives have been developed. Each is 
summarized below and described in more detail following the description of the landscape constraints 
and minimum management requirements that apply to each of the alternatives. 

• Alternative 1 – Status Quo. This alternative represents the “No Project” alternative 
required by CEQA. If CAL FIRE took no further action, existing vegetation treatment programs, 
such as the VMP and CFIP, would continue to operate using previously approved EIRs and 
departmental procedures. The guidance documents for each of the CAL FIRE programs would 
apply to an existing landscape that is somewhat smaller than the Proposed Program or 
Alternatives 2. The enabling legislation (SB 1704) for the Status Quo Alternative contains a more 
restrictive description of the lands that can be treated than subsequent legislation (SB 1084) 
that authorizes the proposed Vegetation Treatment Program. 

• Alternative 2 – No Herbicide Treatments. In this alternative no herbicides would be 
prescriptively applied and procedures would be put into place that would preclude the 
department from funding vegetation treatment projects where the project applicant had 
applied herbicides at any time up to 1 year prior to the proposed project or intended to apply 
herbicides within 3 years after the proposed project. The landscape constraints and standard 
practices described below (Sections 3.2 and 3.3) would apply to the landscape described in the 
proposed Vegetation Treatment Program (Section 2.2). 
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• Alternative 3 – Treatments that Minimize Potential Impacts to Water Quality. This 
alternative addresses potentially significant effects associated with impacts to water 
quality and to threatened and endangered wildlife, plants, and fish, by restricting the 
landscape across which certain vegetation treatments could be applied. Some of the 
minimum landscape constraints and minimum management requirements noted below 
would be enhanced to reduce impacts to water quality and to special status wildlife, plants, 
and fish. Overall, a smaller landscape would be considered for treatment. Also, there would 
be fewer mechanical and herbicide treatments and more hand treatments. 

• Alternative 4 – Treatments that Minimize Potential Impacts to Air Quality. This 
alternative addresses potentially significant effects associated with impacts to air quality, 
particularly in Air Quality Management Districts where air quality goals for particulate 
matter that is 10 microns in size (PM10), particulate matter that is 2.5 microns (PM2.5) and 
ozone have not been attained. In this alternative, substantially fewer acres would be 
treated with prescribed fire and as a result, substantially fewer acres are treated under this 
alternative as a whole due to the higher costs of other treatments. 

In summary, Alternatives 1-4 have the following characteristics, which are summarized in 
Table 3.1. 

• Alternative 1 – Status Quo has fewer treatable acres than the Proposed Program 

• Alternative 2 – No Herbicide Treatment would not allow herbicide applications 
before, during or after other treatments and would occur on the same landscape as the 
Proposed Program. 

• Alternative 3 – Minimize Potential Impacts to Water Quality has limitations on the 
landscape to protect water quality, but the range of treatments would be somewhat 
different compared to the Proposed Program. 

• Alternative 4 – Minimize Potential Impacts to Air Quality has limitations on 
treatments, specifically the number of acres that could be treated with prescribed fire, and 
the landscape available for treatment is substantially less than the Proposed Program. 

 
Table 3.1 
Alternative Landscape and Treatment Comparison 
Alternative Landscape Treatments 
Alternative 1 Status Quo Constrained from Program Same as Program 
Alternative 2 No Herbicide Treatment Same as Program Constrained from Program 
Alternative 3 Minimize Impacts to Water Quality  Constrained from Program Same as Program 
Alternative 4 Minimize Impacts to Air Quality  Constrained from Program Constrained from Program 

3.2 Landscape Available to be Treated  
All of the alternatives, (except for Alternative 1) have landscape constraints that are the same 

as or more restrictive than the Proposed Program. For Alternative 2, the No Herbicide Treatments 
Alternative, and Alternative 4 the Minimize Potential Impacts to Air Quality Alternative, the 
landscape available to be treated is the same as the landscape available for treatment in the 
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Proposed Program (approximately 38,000,000 acres). For Alternative 3, the landscape available to 
be treated is smaller than the Proposed Program landscape. Depending on the alternative, 
landscape constraints may be exactly the same as the Proposed Program (see Section 2.2) or they 
may contain different limitations, as described in each alternative. Landscape constraints that 
apply to the Proposed Program and to Alternatives 2-4 can be found in Section 2.2, unless they are 
superseded by more restrictive language contained within each of the alternatives. Constraints on 
Alternative 1 are described in Section 3.4 below. 

3.3 Minimum Management Requirements 
In addition to landscape constraints, Alternatives 2-4 are subject to a set of minimum 

management requirements (see Section 2.3) that may be the same as the Proposed Program, or 
they may be different as described below for each alternative. Alternative 1 does not contain 
minimum management requirements, per se; instead the program specific guidance described in 
Section 1.4. acts in lieu of minimum management requirements.  

3.4 Alternative 1 - Status Quo  
Under Alternative 1 - Status Quo (No Project), CAL FIRE would continue to implement 

vegetation treatments through existing programs, such as the VMP, Proposition 40, CFIP and 
PreFire Management (see Section 1.5 for a more complete description of these programs). 
Treatments would occur on SRA and LRA lands, but fewer vegetation types would be managed due 
to limitations associated with each of the programs.  

Treatments would continue to emphasize changing vegetative structure to modify wildland 
fire behavior and improve non-industrial forestland quality on private forestlands within the State. 
Treatments would also meet a wide variety of other objectives, including protecting human life 
and property, reducing fire suppression costs, enhancing habitat, improving commodity production 
(e.g. rangeland forage and water yield), and reducing the potential for long-term detrimental 
effects of wildfire.  

3.4.A   Landscape Available to be Treated 

Unlike the other alternatives, Alternative 1, the Status Quo Alternative, currently takes place 
on a somewhat smaller landscape than what the Proposed Program and Alternatives would take 
place on. Table 3.2 shows the acres that might be treated by bioregion and by treatment type 
based on review of the program guidance documents for the various programs that make up this 
alternative. Currently there is very little prescribed herbivory being implemented under any of the 
existing programs and herbicide applications are limited to projects funded solely by the CFIP 
program. 
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Table 3.2 
Alternative 1 Treatable Landscape by Bioregion and Treatment Type 

Bioregion 
Total 

Available 
Prescribed 

Fire Manual Mechanical Herbicide Herbivory 

Acres 
Klamath/North Coast 7,271,500 2,343,700 7,271,500 1,956,200 4,033,100 0 
Modoc 2,980,000 960,500 2,980,000 801,700 1,652,800 0 
Sacramento Valley 1,491,000 480,600 1,491,000 401,100 827,000 0 
Sierra Nevada 6,002,500 1,934,700 6,002,500 1,614,800 3,329,300 0 
Bay Area / Delta 3,291,800 1,061,000 3,291,800 885,600 1,825,800 0 
San Joaquin Valley 1,782,600 574,600 1,782,600 479,600 988,700 0 
Central Coast 4,680,000 1,508,500 4,680,000 1,259,000 2,595,700 0 
Mojave 2,946,400 949,700 2,946,400 792,700 1,634,200 0 
South Coast 2,483,500 800,500 2,483,500 668,100 1,377,500 0 
Colorado Desert 1,895,200 610,900 1,895,200 509,900 1,051,200 0 
Grand Total 34,824,500 11,224,700 34,824,500 9,368,500 19,315,300 0 

3.4.B  Minimum Management Requirements  

None of the minimum management requirements described in Section 2.2 specifically applies to the 
Status Quo Alternative. Instead, limitations are described within the guidance documents (see Section 1.4) 
specific to each of the four programs that comprise CAL FIRE’s vegetation management program. 
However, guidance language in the program manuals is similar to the minimum management 
requirements above, except there is no equivalent guidance similar to the following MMRs: 

• MMR 2, operations on saturated soils 
• MMR 12, 60’ no spray buffer (not in guidance documents but applies legally) 
• MMR 13, integrated pest management  
• MMR 15, water drafting plan 
• MMR 16, herbicide limitation 

3.4.C   Detailed Description of Treatments 

Vegetation management activities include the disposal, rearrangement, or conversion of vegetation 
using various treatments. Treatment methods and actions include:  

• Prescribed fire (underburn, jackpot burn, broadcast burn, pile burn, establishment of control lines) 
• Mechanical (chaining, tilling, mowing, roller chopping, masticating, brushraking, skidding and 

removal, chipping, piling, pile burning) 
• Manual (hand pull and grub, thin, prune, hand pile, pile burning, lop and scatter, hand plant) 
• Prescribed herbivory (grazing by domestic animals, such as cattle, sheep, goats, horses) 
• Herbicides (ground applications only, such as backpack spray, hypohatchet, pellet dispersal) 
Under the Status Quo Alternative, herbicide treatments are limited solely to applications funded or 

regulated under the CFIP program. 

Vegetation management treatment techniques may be applied singly or in any combination for a 
particular vegetation type to meet specific objectives of resource management. Within existing physical, 
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environmental, ecological, social, and legal constraints on the area to be treated, the method or methods 
used will be those that are most likely to achieve the desired objectives while protecting environmental 
quality. A detailed description of the vegetation treatments that would be applied under the Status Quo is 
described in Section 2.5. 

Historically, treatment acreage has averaged about 47,000 acres per year, with approximately 200,000 
to 700,000 acres treated in any ten-year period. Based on recent trends, average project size is expected 
to be around 260 acres.  

The distribution of treatments and the annual acreage proposed for treatment in Alternative 1 is 
shown in Table 3.3. 

Table 3.3 
Alternative 1 (Status Quo) 10-Year Treatment Acreage by Bioregion 1/ 

Bioregion Total Landscape 
Acres in Bioregion 

Distribution 
of 

Treatments 

Acreage 
Proposed for 

Treatment First 
10 Years 

Approximate 
Annual Acreage 

Treated 

North Coast/Klamath 7,271,500 13.0% 61,100 6,110 

Modoc 2,980,000 1.5% 7,050 710 

Sacramento Valley 1,491,000 16.0% 75,200 7,520 

Sierra 6,002,500 22.0% 103,400 10,340 

Bay Area 3,291,800 8.0% 37,600 3,760 

San Joaquin 1,782,600 6.0% 28,200 2,820 

Central Coast 4,680,000 20.0% 94,000 9,400 

Mojave 2,946,400 0.5% 2,350 240 

South Coast 2,483,500 9.0% 42,300 4,230 

Colorado Desert 1,895,200 4.0% 18,800 1,880 

Total 34,824,500 100.0% 470,000 47,010 
1/ Treatment effects are based on ~ 63% of treatments using prescribed fire, ~21% use mechanical treatments, ~ 12% 
use hand treatments, ~4% use herbicides and ~ 0% use prescribed herbivory.  

3.5 Alternative 2 - No Herbicide Alternative 
The No Herbicide Alternative proposes to treat vegetation without herbicides in order to meet the 

goals previously described. CAL FIRE does not have regulatory authority over herbicides. The U.S. 
Environmental Protection Agency (EPA) regulates herbicide use nationwide and has exclusive authority 
over herbicide labeling. Use of an herbicide is limited to the applications and restrictions on the label, and 
the label restrictions are legally enforceable. The California Department of Pesticide Regulation (DPR) 
regulates herbicides within the State of California and has legal authority to adopt restrictions on herbicide 
use that are more stringent than federal regulatory requirements. (See 7 U.S.C.A. Sec. 136v.)   

Alternative 2 would be implemented using language from SB 1084, approved September 22, 2005, 
which enables the Director of CAL FIRE to enter into contracts with the owner of private property, 
provided that the contract is consistent with the regulations of the Board of Forestry (BOF).  
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Alternative 2 would require the BOF to issue regulations preventing the Director from entering into 
contracts with private landowners who have previously applied herbicides to the project area up to 1 year 
prior to initiation of the project or who intend to apply herbicides up to 3 years after completion of the 
project. If adopted, this alternative would also require that the environmental checklist contain several 
items that would help the director make a determination as to whether the applicant intended to apply 
herbicides within the prohibited timeframe.  

Under this alternative, vegetation may be treated using prescribed fire, by hand, mechanically by 
using equipment, and by prescribed herbivory using domestic animals. Combinations of these treatments 
may occur in order to achieve the desired objective. Herbicides would not be used and there would be a 
prohibition on pre project and post project herbicide applications within a stated time period.  

3.5.A   Landscape Available To Be Treated 

Alternative 2 would take place on the same landscape as the Proposed Program (approximately 
38,000,000 acres) and with the landscape constraints noted in Section 2.2 above.  

3.5.B   Minimum Management Requirements 

The major difference between Alternative 2 and the other alternatives is that all of the minimum 
management requirements noted in Section 2.3 would be implemented except that the language in 
minimum management requirement 11 would be deleted (but not renumbered) and 16 would be 
modified as shown below: 

16. Pre-project, project and post-project herbicide treatments would not be allowed under any of 
the programs used to implement vegetation treatments, including herbicide treatments now 
allowed under the CFIP program.  

Minimum management requirement 12 (court orders protecting special status species) is a federal 
requirement that the department does not have the authority to change. However, implementation of 
minimum management requirement 12 would be moot for projects under this alternative because the 
alternative does not allow the prescriptive use of any herbicides.  

3.5.C   Treatable Landscape 

Table 3.4 shows that after application of the landscape constraints noted in Section 2.2, and the 
minimum management requirements described in Section 3.5.B, Alternative 2 could be implemented on 
the following number of treatable acres: 
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Table 3.4 
Alternative 2 Treatable (Low Constraint) Landscape by Bioregion and Treatment Type 

Bioregion 
Total 

Available Prescribed Fire Manual Mechanical Herbicide Herbivory 

Acres 
Klamath/North Coast 8,158,000 4,048,700 8,158,000 1,011,900 0 8,158,000 
Modoc 3,616,900 2,426,400 3,616,900 2,216,400 0 3,616,900 
Sacramento Valley 1,524,300 381,500 1,524,300 506,800 0 1,524,300 
Sierra Nevada 6,605,500 1,591,200 6,605,500 1,674,500 0 6,605,500 
Bay Area / Delta 3,346,500 425,600 3,346,500 65,100 0 3,346,500 
San Joaquin Valley 1,799,800 147,900 1,799,800 572,900 0 1,799,800 
Central Coast 4,989,200 1,648,500 4,989,200 735,700 0 4,989,200 
Mojave 3,112,800 965,200 3,112,800 2,250,200 0 3,112,800 
South Coast 2,737,600 42,800 2,737,600 97,400 0 2,737,600 
Colorado Desert 2,067,800 557,000 2,067,800 1,080,700 0 2,067,800 
Grand Total 37,958,400 12,234,800 37,958,400 10,211,600 0 37,958,400 

3.5.D  Detailed Description of Treatments 

Vegetation management activities include the disposal, rearrangement, or conversion of vegetation 
using various treatments. Treatment methods and actions include:  

• Prescribed fire (underburn, jackpot burn, broadcast burn, pile burn, establishment of 
control lines). 

• Mechanical (chaining, tilling, mowing, roller chopping, masticating, brushraking,  skidding 
and removal, chipping, piling, pile burning). 

• Manual (hand pull and grub, thin, prune, hand pile, pile burning, lop and scatter, hand 
plant). 

• Prescribed herbivory (grazing by domestic animals, such as cattle, sheep, goats,  horses). 

Vegetation management treatment techniques may be applied singly or in any combination for a 
particular vegetation type to meet specific objectives of resource management. Within existing physical, 
environmental, ecological, social, and legal constraints on the area to be treated, the method or methods 
used will be those that are most likely to achieve the desired objectives while protecting environmental 
quality. 

A full description of the vegetation treatments that would be applied under Alternative 2 is described 
in detail in Section 2.5, except that herbicides would not be used. The distribution of treatments and the 
annual acreage proposed for treatment in Alternative 2 are shown in Table 3.5. 
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Table 3.5 
Alternative 2 Proposed Treatment Acreage by Bioregion 

Bioregion 

Total 
Landscape 

Acres in 
Bioregion 

Distribution 
of 

Treatments 

Acreage Proposed 
for Treatment First 

10 Years 

Approximate 
Annual Acreage 

Treated 

North Coast/Klamath 8,158,000 11.7% 253,500 25,350 

Modoc 3,616,900 10.3% 223,200 22,320 

Sacramento Valley 1,524,300 14.4% 312,000 31,200 

Sierra 6,605,500 19.8% 429,100 42,910 

Bay Area 3,346,500 7.2% 156,000 15,600 

San Joaquin 1,799,800 5.4% 117,100 11,710 

Central Coast 4,989,200 17.5% 380,000 38,000 

Mojave 3,112,800 0.9% 20,000 2,000 

South Coast 2,737,600 9.5% 205,400 20,540 

Colorado Desert 2,067,800 3.3% 72,600 7,260 

Total 37,958,400 100.0% 2,168,900 216,890 
1/ Treatment effects are based on ~ 57% of treatments using prescribed fire, ~22% use mechanical treatments, ~ 12% 
use hand treatments, ~0% use herbicides and ~ 9% use prescribed herbivory.  

3.6 Alternative 3 - Treatments that Minimize Potential Effects to Water Quality  
Under Alternative 3, the same Vegetation Treatment Program treatments described in Section 2.5 

would be available for use on a more tightly constrained landscape than the landscape prescribed for the 
Proposed Program or for Alternative 2. Landscape constraints to protect water quality (generally 
landscape constraint 1 and 2) would be modified so that buffer widths for mechanical treatments and 
prescribed fire would be the maximum width described in the CA Forest Practice Regulations (FPRs). In 
addition, ground-disturbing treatments would not be applied on areas where the post-treatment erosion 
hazard was rated as high [or extreme]. More stringent landscape constraints and MMRs would be applied 
to protect special status species. Finally, an additional landscape constraint would be implemented to add 
additional protections for the 147 endangered plant community types (out of the 619 rare natural 
communities on the CNDDB list) listed by the Department of Fish and Game.  

3.6.A  Landscape Available To Be Treated 

Several of the treatments in Alternative 3 would take place on a smaller landscape than the Proposed 
Program because the landscape constraints would be substantially different. Landscape constraints 
numbers 1, 2, and 5 would be changed as described below, and new landscape constraints numbers 6 and 
7 would be added, while landscape constraints numbers 3 and 4 would remain the same. 

1. A WLPZ will be established on each side of all Class I and II watercourses that is 150 feet on each 
side of Class I watercourses and 100 feet on each side of Class II watercourses. Within the WLPZ, 
riparian vegetation will be not be disturbed and any non-riparian vegetation significant to 
maintenance of watercourse shade and temperature within the WLPZ will not be disturbed 
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when activities are conducted that might potentially remove streamside shade. Vegetation in 
Class III watercourses will be retained to trap sediment.  

2. Heavy earth-moving equipment working on the project area is prohibited from working within 
100-150 feet slope distance of the high water mark of a Class I or II watercourse except when 
performing fish and wildlife habitat improvement practices or forestland conservation practices. 
Wider protection zones may be required following an environmental review of the project.  

5. No treatment “buffer” zones consistent with regulatory guidelines and recognized species-
specific conservation measures shall be implemented in areas where special status species as 
defined by DFG (DFG, 2006) are known to occur. Occurrence information will be gathered 
primarily by a query of the most recent reasonably available and appropriate databases for 
biological information, and other reasonably available sources such as California Natural 
Diversity Database (CNDDB, 2006) or to the California Department of Fish and Game’s BIOS 
database (DFG, 2007).  

6. Heavy equipment and prescribed fire will not take place on lands classified as high erosion 
potential in watersheds designated as high priority for water quality improved actions by 
Regional Water Quality Control Boards and/or the State Water Resources Control Board.  

7. Treatments will not take place in endangered plant community types identified in the most 
recent version of the CNDDB or BIOS unless such treatments will enhance the health of the 
plant community and been agreed to by specialists familiar with the specific plant community. 

3.6.B  Minimum Management Requirements  

All of the minimum management requirements noted in Section 2.3 above would be implemented as 
described, except that MMR 15, water drafting would be further restricted by requiring that specific water 
drafting requirements be in place when drafting water within the habitat of special status species as 
described below: 

15. When drafting water from waterbodies containing special status fish, reptiles and amphibians, 
or likely to contain habitat of special-status species if surveys are not conducted (e.g. for 
standby fire fighting equipment for prescribed fire, for watering roads, etc) the applicants 
operations will generally conform to the current CA Forest Practice Rules for water drafting, at 
14 CCR 916.9(r). 

3.6.C  Treatable Landscape 

Table 3.6 shows that for Alternative 3, after application of the landscape constraints noted in Section 
3.6.A and the minimum management requirements described in Section 3.6.B, the following number of 
acres would be treatable. Note that mechanical treatments are heavily constrained as a result of 
limitations near watercourses and on lands classified as having a high [or extreme?] erosion hazard after 
treatment. Compared to the Proposed Program, which could potentially treat up to approximately 
10,211,000 acres mechanically, Alternative 3 would treat approximately 4,262,000 acres with heavy 
equipment. 
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Table 3.6 
Alternative 3 Treatable (Low Constraint) Landscape by Bioregion and Treatment Type 

Bioregion 
Total Available Prescribed Fire Manual Mechanical Herbicide Herbivory 

Acres 
Klamath/North Coast 8,158,000 2,092,000 8,158,000 273,900 5,322,200 8,158,000 
Modoc 3,616,900 1,312,100 3,616,900 799,200 2,911,900 3,616,900 
Sacramento Valley 1,524,300 239,900 1,524,300 167,500 564,400 1,524,300 
Sierra Nevada 6,605,500 1,967,000 6,605,500 215,900 4,828,000 6,605,500 
Bay Area / Delta 3,346,500 72,700 3,346,500 32,300 663,500 3,346,500 
San Joaquin Valley 1,799,800 628,300 1,799,800 303,700 787,600 1,799,800 
Central Coast 4,989,200 579,500 4,989,200 93,000 2,615,000 4,989,200 
Mojave 3,112,800 2,357,100 3,112,800 2,059,900 2,303,900 3,112,800 
South Coast 2,737,600 18,900 2,737,600 15,200 186,200 2,737,600 
Colorado Desert 2,067,800 301,900 2,067,800 301,700 870,800 2,067,800 
 Grand Total 37,958,400 9,569,300 37,958,200 4,262,300 21,053,400 37,958,200 

3.6.D  Detailed Description of Treatments 

Vegetation management activities include the disposal, rearrangement, or conversion of vegetation 
using various treatments. Treatment methods and actions include:  

• Prescribed fire (underburn, jackpot burn, broadcast burn, pile burn, establishment of control 
lines). 

• Mechanical (chaining, tilling, mowing, roller chopping, masticating, brushraking, skidding and 
removal, chipping, piling, pile burning). 

• Manual (hand pull and grub, thin, prune, hand pile, pile burning, lop and scatter, hand plant). 
• Prescribed herbivory (grazing by domestic animals, such as cattle, sheep, goats, horses). 
• Herbicides (ground applications only, such as backpack spray, hypohatchet, pellet dispersal). 

Vegetation management treatment techniques may be applied singly or in any combination for a 
particular vegetation type to meet specific objectives of resource management. Within existing physical, 
environmental, ecological, social, and legal constraints on the area to be treated, the method or methods 
used will be those that are most likely to achieve the desired objectives while protecting environmental 
quality. A detailed description of the vegetation treatments that would be applied under Alternative 3 is 
described in Section 2.5 

In this alternative, herbicide treatments would be allowed on the landscape subject to landscape 
constraints and minimum management requirements and would not be limited to the treatments funded 
and or regulated by the CFIP program. 

The distribution of treatments and the annual acreage proposed for treatment in Alternative 3 are 
shown in Table 3.7. 
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Table 3.7 
Alternative 3 Proposed Treatment Acreage by Bioregion 1/ 

Bioregion Total Landscape 
Acres in Bioregion 

Distribution 
of 

Treatments 

Acreage 
Proposed for 

Treatment First 
10 Years 

Approximate 
Annual Acreage 

Treated 

North Coast/Klamath 8,158,000 11.7% 253,500 25,350 

Modoc 3,616,900 10.3% 223,200 22,320 

Sacramento Valley 1,524,300 14.4% 312,000 31,200 

Sierra 6,605,500 19.8% 429,100 42,910 

Bay Area 3,346,500 7.2% 156,000 15,600 

San Joaquin 1,799,800 5.4% 117,100 11,710 

Central Coast 4,989,200 17.5% 380,000 38,000 

Mojave 3,112,800 0.9% 20,000 2,000 

South Coast 2,737,600 9.5% 205,400 20,540 

Colorado Desert 2,067,800 3.3% 72,600 7,260 

Total 37,958,400 100.0% 2,168,900 216,890 
1/ Treatment effects are based on ~ 56% of treatments using prescribed fire, ~19% use mechanical treatments,          
~ 11% use mechanical treatments, ~4% use herbicides and ~ 10% use prescribed herbivory.  

3.7 Alternative 4 – Treatments that Minimize Potential Impacts to Air Quality 
The purpose of an alternative that specifically addresses air quality is that most of the State’s air 

basins are in a non-attainment status for PM10 and sulfates. In addition, about half of all air basins are in 
non-attainment status for PM2.5 and ozone. Generally, each of the 35 air quality districts has a maximum 
threshold of 15 tons per year for PM10, 100 tons per year for CO and 15 tons per year for NOx. (Jones and 
Stokes, 2000 page 6-6). Total acreage that could be burned statewide under these thresholds would be no 
more than 2,200 acres for PM10 and 2,400 acres for CO. Even though these maximums are not legally 
binding, they have been incorporated into the design of this alternative.  

The landscape for this alternative would be the same as the Proposed Program however the Treatable 
landscape by treatment type would be substantially different than the Program. Also, treatments would 
be modified so that prescribed fire in non-attainment basins would only take place on Burn Days, with no 
variances allowed. Eliminating the use of variances would ensure that air quality would not be degraded 
beyond that allowed in the Implementation Plans. Finally, total output of PM10 and CO would be limited 
to the statewide total allowed in the State Implementation Plans noted above. This last restriction would 
drastically limit the amount of acreage that could be burned. Other treatments would be increased, but 
due to increased costs, the overall program under this alternative would treat fewer acres.  

3.7.A   Landscape Available To Be Treated 

Alternative 4 would take place on the same landscape available for treatment in the Proposed 
Program, as described in Section 3.2 (approximately 38,000,000), but with the landscape constraints noted 
in Section 2.2.  
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3.7.B   Minimum Management Requirements 

All of the minimum management requirements noted in Section 3.3 would be implemented as 
described, except that MMR 4 would be changed to allow burning only on Burn Days in non-attainment 
basins – variances would not be allowed. Burning on Burn Days and with variances could continue in 
attainment air basis. 

4. For basins in attainment, burning will only occur on Burn Days as determined by the Air 
Pollution Control District or Air Quality Management Districts, except 1) on areas declared to 
be fire hazards or 2) unless a permit to burn on No-Burn Days has been obtained from an Air 
Pollution Control District when denial to burn would threaten imminent and substantial 
economic loss. In non-attainment basins, burning will only be allowed on Burn Days. 

3.7.C   Treatable Landscape 

Table 3.8 shows that after application of the landscape constraints noted in Section 2.2. and the 
minimum management requirements described in Section 3.7.B and Section 2.3, Alternative 4 could be 
implemented on the following number of treatable acres: Because the number of basins in non-
attainment status for PM10 is so large and the requirement to burn on burn days only without variances is 
so small (generally only 11 of 30 days per month are normally available burn days see Section 5.6.4), the 
acreage that could be treated using prescribed fire is severely limited compared to the Program. 

Table 3.8 
Alternative 4 Treatable (Low Constraint) Landscape by Bioregion and Treatment Type 

Bioregion 
Total 

Available Prescribed Fire Manual Mechanical Herbicide Herbivory 

Acres 
Klamath/North Coast 8,158,000 85,800 8,158,000 1,011,900 5,322,200 8,158,000 
Modoc 3,616,900 522,700 3,616,900 2,216,400 2,911,900 3,616,900 
Sacramento Valley 1,524,300 19,000 1,524,300 506,800 564,400 1,524,300 
Sierra Nevada 6,605,500 6,200 6,605,500 1,674,500 4,828,000 6,605,500 
Bay Area / Delta 3,346,500 0 3,346,500 65,100 663,500 3,346,500 
San Joaquin Valley 1,799,800 400 1,799,800 572,900 787,600 1,799,800 
Central Coast 4,989,200 9,600 4,989,200 735,700 2,615,000 4,989,200 
Mojave 3,112,800 727,200 3,112,800 2,250,200 2,303,900 3,112,800 
South Coast 2,737,600 7,200 2,737,600 97,400 186,200 2,737,600 
Colorado Desert 2,067,800 214,900 2,067,800 1,080,700 870,800 2,067,800 
Total 37,958,400 1,593,000 37,958,200 10,211,600 21,053,400 37,958,200 

3.7.D   Detailed Description of Treatments 

Vegetation management activities include the disposal, rearrangement, or conversion of vegetation 
using various treatments. Treatment methods and actions include:  

• Prescribed fire (underburn, jackpot burn, broadcast burn, pile burn, establishment of control 
lines). 

• Mechanical (chaining, tilling, mowing, roller chopping, masticating, brushraking, skidding and 
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removal, chipping, piling, pile burning). 

• Manual (hand pull and grub, thin, prune, hand pile, pile burning, lop and scatter, hand plant). 

• Prescribed herbivory (grazing by domestic animals, such as cattle, sheep, goats, horses). 

• Herbicides (ground applications only, such as backpack spray, hypohatchet, pellet dispersal). 

Vegetation management treatment techniques may be applied singly or in any combination for a 
particular vegetation type to meet specific objectives of resource management. Within existing physical, 
environmental, ecological, social, and legal constraints on the area to be treated, the method or methods 
used will be those that are most likely to achieve the desired objectives while protecting environmental 
quality. A detailed description of the vegetation treatments that would be applied under Alternative 4 is 
described in Section 2.5. 

Under Alternative 4, herbicide treatments would be allowed subject to the same constraints and 
MMRs as in the Proposed Program. 

Alternative 4 would only treat about 93,000 acres annually, compared to the 216,910 acres per year 
under the Proposed Program. This estimate is based on historical trends, which indicate that prescribed 
burning is the least expensive treatment method available on a per acre basis (see footnote 1/ to Table 3.9 
for a description of treatment costs). About 8% of all treatments are expected to be prescribed fire, 38% 
are expected to be hand treatments, 25% are expected to be mechanical treatments, 5% are expected to 
be chemical treatments and 24% are expected to be treatments using prescribed herbivory. Based on 
recent trends, average project size is expected to be around 260 acres.  

The distribution of treatments and the annual acreage proposed for treatment in Alternative 4 are 
shown in Table 3.9. 
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Table 3.9 
Alternative 4 Proposed Treatment Acreage by Bioregion 1/ 

Bioregion Total Landscape 
Acres in Bioregion 

Distribution 
of 

Treatments 

Acreage 
Proposed for 

Treatment First 
10 Years 

Approximate 
Annual Acreage 

Treated 

North Coast/Klamath 8,158,000 11.2% 104,600 10,460 
Modoc 3,616,900 14.8% 137,300 13,730 
Sacramento Valley 1,524,300 13.8% 128,700 12,870 
Sierra 6,605,500 19.0% 176,900 17,690 
Bay Area 3,346,500 6.9% 64,300 6,430 
San Joaquin 1,799,800 5.2% 48,200 4,820 
Central Coast 4,989,200 16.2% 150,900 15,090 
Mojave 3,112,800 0.9% 8,100 810 
South Coast 2,737,600 9.1% 84,800 8,480 
Colorado Desert 2,067,800 2.9% 26,800 2,680 
Total 37,958,400 100.0% 930,600 93,060 

1/ Treatment effects are based on ~ 8% of treatments using prescribed fire, ~25% use mechanical treatments, ~ 38% use 
hand treatments, ~5% use herbicides and ~ 24% use prescribed herbivory. The allocation of treatments is based on an 
assessment of the relationship between the cost of prescribed fire treatments and the cost of mechanical treatments as 
well as a consideration of the landscape acreage that could be treated by prescribed fire or by mechanical and hand 
treatments.  

3.8 Summary of Treatments and Landscape Constraints 
Table 3.10 summarizes the Proposed Program and the Alternatives by the total landscape, the 

constrained landscape, the likely number of acres to be treated and the differences in acres treated by 
treatment type. 
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Table 3.10 
Comparison of Proposed Program and Alternatives 

Element Proposed 
Program 

Alternative 1 
Status Quo 

Alternative 2 
No Herbicide 
Treatments 

Alternative 3 
Minimize Water 
Quality Impacts 

Alternative 4 
Minimize Air 

Quality Impacts 
Approx. Total Landscape 37,958,400 ac 34,824,500 ac 37,958,400 37,958,400ac 37,958,400ac 
Landscape Treatable with 
Prescribed Fire 12,234,800 ac 11,224,700 ac 12,234,800 9,569,300 ac 1,593,000 ac 

Landscape Treatable with 
Mechanical Treatments 10,211,600 ac 9,368,500 ac 10,211,600 ac 4,262,300 ac 10,211,600 ac 

Landscape Treatable with 
Hand Treatments 37,958,400 ac 34,824,500 ac 37,958,400 ac 37,958,400 ac 37,958,400 ac 

Landscape Treatable with 
Herbicides 21,053,500 ac 19,315,300 ac 0 21,053,500 ac 21,053,500 ac 

Landscape Treatable with 
Herbivory 

37,958,400 ac 0 ac 37,958,400 37,958,400ac 37,958,400ac 

Yearly Acreage Treated 216,910 ac 47,000 ac 216,910 ac 216,910 ac 93,000 ac 
Projected 10 Year 
Treatment Acreage 

~ 2.17 MM ac ~ 470 M ac ~ 2.17 MM ac ~ 2.17 MM ac ~ 930 M ac 

Percent Prescribed Fire 53% 63% 56% 56% 8% 
Percent Hand Treatments 18% 21% 22% 19% 25% 
Percent Mechanical  10% 12% 12% 11% 38% 
Percent Herbicides 9% 4% 0% 4% 5% 
Percent Rx Herbivory 10% 0% 10% 10% 24% 

(M = 1000 acres, MM = 1,000,000 acres) 

3.9 Alternatives Considered But Eliminated From Detailed Analysis 
Three alternatives were considered but eliminated from detailed analysis as described below.  

An alternative was developed similar to the Proposed Program but which only treated about 70,000 
acres instead of the 216,910 acres proposed under the Proposed Program. This alternative projected that 
treatment acreages would increase at a rate consistent with current program treatment accomplishments 
over the past 20 years. However, this alternative was eliminated from detailed analysis because it would 
fall short of the goals of the Proposed Program from a fuel treatment and fire behavior standpoint. A 
treatment of 70,000 acres per year would require 142 years to treat the 10 million acres of low constraint 
lands identified for the Proposed Program. 

A second, “highly constrained” alternative was also considered but eliminated from detailed analysis. 
This alternative would have included constraints from both Alternatives 3 and 4, combined into one 
alternative. This alternative was rejected because it too would not have been able to meet the goals of the 
program from a fuel treatment and fire behavior standpoint. Too many acres would have been 
constrained out of treatment, or would only have been treatable using hand treatments. Because hand 
treatments are substantially more expensive than the other treatments, far fewer acres would have been 
treatable under this alternative than either Alternative 3 or Alternative 4, let alone under the Proposed 
Program.  

The third alternative considered but eliminated from detailed analysis would have placed most of the 
treatments in areas where there currently is a high incidence of wildfire. As a result, this alternative would 
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have placed the 216,910 acres of treatments into the South Coast and Sierra bioregions. This alternative 
was eliminated from detailed analysis because the likely consequences of treating such a small proportion 
of the state were expected to outweigh the benefits in the two bioregions. In addition, treating only two 
bioregions would have resulted in no benefits to other bioregions from treatments to reduce wildland fire, 
improve forest and range conditions, etc. 

3.10 Environmentally Superior Alternative 
CEQA Guidelines §15126.6(e)(2) require a lead agency in an EIR to identify an Environmentally 

Superior Alternative. After considering all of the environmental consequences of implementing the 
Proposed Program and the Alternatives, the Proposed Program is considered the Environmentally Superior 
Alternative. See Table 3.11 for a comparison of the Program and the Alternatives. 

Overall, the Proposed Program is the environmentally superior alternative as it has a combination of 
the most benefits and least effects when considering all of resources. Alternative 3 is close to the 
Proposed Program, however while it treats the same number of acres per decade as the Proposed 
Program it would not have nearly as large of a treatable landbase open to prescribed fire and mechanical 
treatments. This reduced landscape would not initially be constraining, but over time the acreage that 
could be treated with prescribed fire or mechanical treatments would become limiting. In addition, 
limitations on what could be treated at the project level could create a more complex mosaic of treated 
and untreated vegetation that might not reduce wildfire behavior to as great an extent as the Proposed 
Program.  

Table 3.11 following provides a general comparison of the Program and Alternatives in terms of their 
predicted direct impacts to resources. Table 3.12 shows the potential indirect and cumulative impacts of 
implementing the Program and Alternatives. The ratings of effects shown in Table 3.11 are based on 
mitigation measures being applied as needed to reduce impacts to less than significant. A detailed 
description of the potential direct impacts to various resources as well as any measures prescribed to 
reduce their impacts are discussed in Chapter 5.  

The ratings of indirect and cumulative effects shown in Table 3.12 are based on mitigation measures 
being applied as needed to reduce impacts to less than significant. A detailed description of the potential 
indirect or cumulative impacts to various resources as well as any measures prescribed to reduce their 
impacts are discussed in Chapter 6. 
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Table 3.11 
Comparison of The Environmental Impacts to Resources of Implementing the Proposed Program 
or the Alternatives 1/ 

Element 
Program Alternative 1 Alternative 2 Alternative 3 Alternative 4 

Summary of Resource Impacts 
Wildfire 
Intensity/Occurrence 

MB NA/NB NA/NB NA/NB NA/NB 

Climate Change NA NA/NB NA NA NA 
Aquatic Resources NA NA NA NA NA 
Wildlife Resources NB/MB NA/NB NB/MB NB/MB NB/MB 
Vegetative Resources NA/NB NA/NB NA/NB NA/NB NA/NB 
Invasives NA/NB NA/NB NA/NB NA/NB NA/NB 
Air Quality NA/NB NA/NB NA/NB NA/NB NA/NB 
Water Quality NA NA NA NB NA 
Cultural, Archaeological NA NA NA NA NA 
Population and Housing NA/NB NA/NB NA/NB NA/NB NA/NB 
Transportation/Traffic NA NA NA NA NA 
Utilities and Energy NA NA NA NA NA 
Noise NA/MA NA MA NA/MA NA 
Visual/Aesthetic NA NA NA NA NA 
Recreation NA NA NA NA NA 
Geology/Soils NA/MA NA NA/MA NA NA 
Hazardous Materials NA NA NA NA NA 
Herbicides      

Wildlife Resources MA  NA  NA 2/ NA  NA 
Vegetative Resources NA  NA  NA NA NA 
Air Quality NA NA NA NA NA 
Water Quality NA NA NA NA NA 
Recreation NA NA NA NA NA 
Geology/Soils NA NA NA NA NA 
Human Health NA NA NA NA NA 

1/ Key to effects: adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. 
Beneficial effects are those effects that improve the diversity, structure, size, integrity, abundance or 
number of; or are within the natural range of variability, for the resource at issue. SA/SB – significant 
adverse or beneficial effects are those effects that are substantial, highly noticeable, at the watershed 
scale; and often irreversible. MA/MB - moderately adverse or beneficial effects - those effects that can be 
detected beyond the affected area, but are transitory and usually reversible. NA/NB - negligible adverse or 
beneficial effects - those effects that are imperceptible or undetectable. 
2/ A rating of NA is assigned to the No Herbicide alternative to account for the likely off program use of 
herbicides. 
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Table 3.12  
Summary of Potential Adverse and Beneficial Cumulative Effects at Project or Bioregional Scales of Assessment 

 

Cumulative Effects Potential for the Various EIR Alternatives* 
Potential for Significant Adverse Cumulative 

Effects 
Potential for Significant Beneficial Cumulative 

Effects 

Resource Area 

Yes after 
mitigation 

(a) 
No after 

mitigation (b) 

No reasonably 
potential 

significant adverse 
effects  

(c) 

Yes without 
mitigation 

(a) 

Yes after 
mitigation 

(b)  

No reasonably 
potential significant 

beneficial effects  
(c) 

Geology and Soils – 2a: increase landslides  X     
Geology and Soils – 2b: increase soil erosion  X     
Wildland Fire Risk and Severity   X  X   
Wildlife and Botanical Resources –1A, 1B: 
species of concern, habitat, or range    X  4 

Wildlife and Botanical Resources—1D: 
conservation plan objectives  X   X  

Wildlife and Botanical Resources--1C,1E: 
species movement and population 
sustainability 

   X   

Wildlife and Botanical Resources—1F: non-
native invasives  X   X  

Wildlife and Botanical Resources—1G: habitat 
elements  X   X  

Aquatic and Riparian Resources—1H, 1I, 1J: 
sediment, large woody debris, streambank 
stability 

 X     

Aquatic and Riparian Resources—1K: 
headwater stream processes       

Aquatic and Riparian Resources—1L: aquatic 
nutrient input       

Air Resources (Quality)  X 3  X  
Air Resources (Visibility)  X 3  X  
Visual / Aesthetic Resources   X    
Water Resources – 1a: alter flows   X    
Water Resources – 1b: degrade water quality  X     
Recreation Resources  X     
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Table 3.12  
Summary of Potential Adverse and Beneficial Cumulative Effects at Project or Bioregional Scales of Assessment 

 

Cumulative Effects Potential for the Various EIR Alternatives* 
Potential for Significant Adverse Cumulative 

Effects 
Potential for Significant Beneficial Cumulative 

Effects 

Resource Area 

Yes after 
mitigation 

(a) 
No after 

mitigation (b) 

No reasonably 
potential 

significant adverse 
effects  

(c) 

Yes without 
mitigation 

(a) 

Yes after 
mitigation 

(b)  

No reasonably 
potential significant 

beneficial effects  
(c) 

Archaeological and Cultural Resources   X X   
Noise  X     
Population and Housing  X     
Transportation and Traffic    X    

Note: Unless otherwise stated an “X” in the matrix refers to both the Proposed Program and the alternatives. The number refers to the Alternatives 1 through 4. 
.
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The Proposed Program treats almost five times as many acres (2.16 million acres/decade) as the 
Status Quo (470,000 acres/decade). Because the Proposed Program treats so many more acres than the 
Status Quo it is likely to reduce impacts from wildland fire over the Status Quo due to treated areas, 
particularly surface fire regimes, burning at lower severity. In addition, wildfire extent is likely to be slightly 
reduced after the first decade of treatments as a small number of watersheds statewide (mostly in the 
Southcoast, Sierra and San Joaquin bioregions) have 35% or more of their watershed area treated. From a 
wildlife standpoint, effects are expected to be slightly to moderately beneficial, particularly to non-listed 
species such as deer, quail, etc. On the other hand, the Proposed Program would have a negligible to 
moderate adverse effect to special status wildlife due to prescribed fire and mechanical treatments 
disrupting habitat of such species at a greater rate than would be “saved” due to reduced wildland fire 
intensity. Because of the desire to treat invasives, the Proposed Program would have a slightly adverse to 
slightly beneficial impact on invasives, since treatments, which are designed to extirpate invasives can also 
introduce invasive species to areas free of noxious weeds. From a soils standpoint, Program treatments 
are expected to have slightly to moderately adverse effects as these treatments occur on more acres per 
decade than the number of treated acres that burn due to wildfire at a lower severity level. The Proposed 
Program would have its biggest effect on air quality where the scope of the prescribed fire program (~ 
115,000 acres burned annually) would produce significantly more emissions than would be “saved” by 
treated areas burning at lower severity during wildfire. The reason for this is that only about 16% of 
treated areas are expected to be burned by wildfire in any decade, and while fire severity is expected to 
drop from severe to low in surface fire regimes, it is not expected to drop to less than moderate in crown 
fire regimes. Also, treated crown fire ecosystems burning under severe fire weather conditions (e.g. Santa 
Ana fire weather conditions) are not expected to have significantly less emissions than untreated areas. 
Finally, from a climate change perspective, the Proposed Program would initially have a slightly adverse 
effect on CO2 levels, as a combination of increased use of prescribed fire does not offset reduced wildfire 
intensity. However, over time, increased mechanical and hand treatments are expected to increase 
growth somewhat and sequester more CO2, leading to a slight reduction in total carbon emissions after 30 
years of treatments.  

The Status Quo (Alternative 1) currently treats about 470,000 acres/decade. These treatments have 
likely reduced wildfire severity and extent, to some degree, but even with such treatments, which have 
been ongoing for the last 25 years, an average of 458 homes have burned per year since 2000 and 
suppression costs have been about $105.3 million annually. Air Quality impacts are, by definition, neutral 
since these effects have already been incorporated into Air District Smoke Management Plans and into the 
emission targets for each district. Effects in other resource areas are expected to be less than the 
Proposed Program, except in the critical area of wildland fire behavior, where the acreage severely burned 
by wildfire is expected to be higher than the Proposed Program and Alternatives since so few acres are 
treated per year.  

Alternative 2 treats approximately the same acreage by treatment type as the Proposed Program 
except that it would not use herbicides and thus would reduce environmental controversy compared to 
the Proposed Program. On the other hand, this alternative would treat somewhat more acres using 
prescribed fire and mechanical treatments resulting in slightly more adverse effects than the Proposed 
Program. At the same time, not being able to use herbicides is likely to result in moderate adverse effects 
from invasives as these plants are expected to continue to expand in spite of mechanical and prescribed 
fire treatments which are less effective than herbicides.  



Alternatives 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft  Environmental Impact Report 

 3-21 

 

As noted above, Alternative 3, with its water quality, soils, and geology emphasis potentially could 
reduce impacts to these resources compared to the Proposed Program. Alternative 3 would also offer 
expanded protection to special status species of wildlife and plants compared to the Proposed Program. 
However, Alternative 3 would treat somewhat more acreage with prescribed fire, which could lead to 
adverse effects to air quality. However, over the entire landscape of the state, only about 40% of the acres 
would be treated by mechanical treatments and only about 75% of the acres would be treated by 
prescribed fire during the life of the Program. As a result, with fewer acres treated overall, and with 
limitations on which acres could be treated within a particular project area, the resulting mosaic of 
vegetation could potentially be more severely affected by wildfire than the Proposed Program.  

Alternative 4 treats far fewer acres than the Proposed Program and thus would have substantially less 
air quality impacts from prescribed fire. Due to substantially fewer acres treated, total particulate matter, 
NOx and other air pollutants would be less than the Proposed Program, although not proportionally less 
since the total acreage burned at moderate and severe levels as a result of BOTH wildfire and prescribed 
fire is only slightly less than under the Proposed Program. Other effects are expected to be midway 
between the Status Quo and the Proposed Program; e.g. effects to soils are expected to be only slightly 
adverse compared to the Program where the effects are expected to slightly to moderately adverse. On 
the other hand, the impact of Alternative 4 treatments to severity and occurrence of wildfire is only 
expected to be slightly beneficial as so few acres are treated annually.  

Table 3.13 summarizes the extent to which the Proposed Program or the Alternatives meet the 
purpose and goals of the Vegetation Treatment Program described in Section 1.7. The Proposed Program 
would likely meet the goals established for the VTP in Section 1.7 to a greater degree than the Alternatives 
and the Status Quo. Again, Alternative 3 would come almost as close to meeting the goals for the VTP as 
the Proposed Program. However Alternative 3 would not meet the goals of the VTP to quite the same 
degree as the Program since the overall number of acres that Alternative 3 would treat during the life of 
the VTP would be quite a bit less than the Program. 
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Table 3.13 
Goal Achievement Due to Implementing the Proposed Program or the Alternatives 1/ 

Goal 2/ 
Summary of Goal Achievement 

Program Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Goal 1 – enhance forest health + + 0 + + + + 
Goal 2 – modify wildfire behavior + + 0 + + + + 
Goal 3 – reduce suppression costs + + 0 + + + + 
Goal 4 – restore natural range of plants + + 0 - + + + 
Goal 5 – maintain/improve air quality - 0 - - 0 
Goal 6 – reduce watershed effects + 0 + ++ 0 
Goal 7 – reduce non-native plants ++ 0 - ++ + 
Goal 8 – improve wildlife habitat ++ 0 + ++ + 
Goal 9 – provide a CEQA process + 0 + + + 

1/ Key to ratings, “+ +” strongly meets goal, “+” moderately meets goal, “0“ neutral towards goal accomplishment, “-“ 
moderately adverse towards goal accomplishment, “ - -“ strongly adverse to goal accomplishment. 
2/ Goals (from Section 1.7) 
 

1. Maintain and enhance forest and range land resources including forest health to benefit present and future 
generations. 

2. Modify wildland fire behavior to help reduce catastrophic losses to life and property consistent with public expectation 
for fire protection. 

3. Reduce the severity and associated suppression costs of wildland fires by altering the volume and continuity of wildland 
fuels. 

4. Reduce the risk of large, high intensity fires by restoring a natural range of fire-adapted plant communities through 
periodic low intensity vegetation treatments. 

5. Maintain or improve long term air quality through vegetation treatments that reduce the severity of large, uncontrolled 
fires that release air pollutants and greenhouse gases. 

6. Vary the spatial and temporal distribution of vegetation treatments within and across watersheds to reduce the 
detrimental effects of wildland fire on watershed health. 

7. Reduce noxious weeds and non-native invasive plants to increase desirable plant species and improve browse for 
wildlife and domestic stock. 

8. Improve wildlife habitat by spatially and temporally altering vegetation structure and composition, creating a mosaic of 
successional stages within various vegetation types. 

9. Provide a CEQA-compliant programmatic review document process/mechanism for other state or local agencies, which 
have a vegetation management program/project consistent with the VTP, to utilize this guiding document to 
implement their vegetation treatment programs/project. 
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Chapter 4 Environmental Setting 

4.1 Regional Setting - Bioregion Overview 

4.1.1 Introduction    
The environmental setting of the Vegetation Treatment Program (VTP) is diverse; from conifer 

and hardwood forest and woodlands in the mountain and coastal areas, to shrub and herbaceous 
rangelands in the south coast, north interior and central valley, to desert habitats in the southeast 
(CAL FIRE, 2010). Covering such an extensive and heterogeneous region, VTP projects will reflect the 
needs of the vegetation at the local and regional levels.  

Forests cover about one third of California (CAL FIRE, 2010). Forests are lands with at least 10 
percent cover of live trees as interpreted from satellite imagery. Rangelands are all unfertilized 
lands with vegetation suitable for grazing domestic livestock for at least part of the year. Together, 
forest and rangeland cover types cover nearly 81 million acres in the state (CAL FIRE, 2010).  

Individuals Laws and public agencies through ownership, management direction, and 
interaction with private landowners play a strong role in shaping natural systems. Nearly all VTP 
projects will occur on forest and rangelands in private ownership. Federal management activities 
influence the environmental setting on neighboring forest and rangelands adjacent to those under 
the jurisdiction of CAL FIRE. Approximately 37 million acres are within CAL FIRE’s fire protection and 
fuels treatment jurisdiction. Table 4.1.1 shows the area of land cover type by owner group. These 
lands are managed for a variety of purposes, including recreation, open space, and ecological 
services and goods. 

Table 4.1.1  
Area of Land Cover type by Owner Group (acres in thousands)  

 Vegetation Type   Private   USFS   BLM   NPS  
 Other 
Public   NGO   Total  

 Conifer Forest  6,653 10,762 346 1,106 434 34 19,335 
 Conifer Woodland  466 989 469 317 137 21 2,399 
 Hardwood Forest  2,828 1,305 194 104 151 12 4,594 
 Hardwood Woodland  4,296 284 193 19 456 45 5,293 
 Herbaceous*  9,370 376 433 82 733 157 11,151 
 Shrub  4,842 5,806 2,353 282 1,180 60 14,523 
 Desert Shrub  3,467 133 10,173 4,298 4,261 24 22,356 
 Desert Woodland  73 4 277 473 64 3 894 
 Total  31,995 19,659 14,438 6,681 7,416 356 80,545 
 *Includes wetlands         

Urban Forests and Rangelands 
Urban forests and rangelands are those native or introduced trees and related vegetation in 

cities and towns and near urban areas, including, but not limited to urban watersheds, soils and 
related habitats, street trees, park trees, residential trees, natural riparian habitats, and trees on 
other private and public properties. More than half of all Californians live in two large metropolitan 
areas of at least 50,000 inhabitants. The remaining 24 metropolitan areas include approximately 90 
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percent of all residences in California (Bureau, U.S.C., 2011). Urban forests and rangeland have a 
wide variety of management objectives, including wildlife and ecological preserves, regional parks, 
ranch lands, and private timber management operations. In these areas, the individual management 
decisions of thousands of landowners determine the overall mix of outputs and the levels of risk 
from other threats such as invasive species, diseases, and catastrophic wildfire. Difficulties in 
planning in urban forests and rangelands can be large, due to the considerable number of owners 
and the shared authority between local, state, and federal agencies. 

4.1.2 Land Management on Forest and Range Lands 

Laws and Public Agencies 
The body of laws regulating California’s forest and rangelands is complex. At least 50 federal 

laws, 20 executive orders (or other federal policy directives) and nearly 40 state laws provide the 
legal framework (CAL FIRE, 2003). A number of county, state and federal agencies are charged with 
enforcing statutes and regulating resource use and extraction activities on these lands. The result is 
an often overlapping system of jurisdictions and regulations of land management, which can make it 
difficult for private land managers to meet all standards and laws and develop economically. 
Federally managed lands come under the jurisdiction of federal laws and regulations, whereas 
management of private and state-controlled land needs to comply with state, county and local laws 
and regulations, as well as some federal statutes. 

Federal Agencies 
The federal agencies managing substantial forest and rangeland areas of California are the U.S. 

Department of Agriculture Forest Service, the U.S. Department of the Interior’s Bureau of Land 
Management (BLM), National Park Service (NPS), Bureau of Indian Affairs (BIA), and the Department 
of Defense (DoD) (Table 4.1.2).  

Land management activities on California’s 18 national forests are guided by Land and Resource 
Management Plans (“forest plans”) developed by and for each forest in compliance with the Forest 
and Rangeland Renewable Resources Planning Act (RPA) and the National Forest Management Act 
(NFMA), as well as the National Environmental Protection Act (NEPA) and all other federal and state 
laws that apply. Forest plans are the official documents that describe the full spectrum of program-
level management activities scheduled to occur in that national forest jurisdiction within the 
planning cycle. These include timber harvest levels and locations, any road building and/or removal, 
forest wildfire fuels mitigations, invasive weed control, livestock grazing allotments, recreational 
facilities maintenance and improvement, etc. Forest plans are normally updated on a 10-year cycle. 

Section 202 of the Federal Land Policy Management Act (FLPMA), enacted in 2002, provides the 
principles that guide BLM land management plans and activities. The BLM employs an ad hoc 
approach to proposing and implementing Resource Management Plans (RMPs) governing its use of 
the 262 million acres it administers in the western United States. These plans describe lands that 
can be used for livestock grazing and the parameters under which grazing can occur. In mid-2006, 
BLM issued amended rules regarding aspects of its rangeland program (BLM et al., 2006). 

The National Park Service (NPS) has 23 parks, monuments, recreation areas, and seashores 
across all regions of California. Lands in these parks cover a wide variety of forest and range 
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ecosystems. The National Park Service manages lands primarily to provide recreational 
opportunities and ecological services. Some parks have plans which detail specific resource 
management activities, such as Yosemite National Park’s recent Fire Management Plan. As timber 
extraction and grazing (and related activities) are prohibited in National Parks, only those NPS plans 
related to vegetation management and fuels mitigation have bearing on the proposed VTP.  

State Agencies 
The California Department of Fish and Game (DFG) manages over 600,000 acres of land with 

forest and rangeland settings and includes bighorn sheep habitat, deer habitat, grassland/upland 
habitats, special habitats, and threatened and endangered habitats. These lands are managed 
primarily for habitat, recreation, and ecological services. Just over half of the lands managed by 
California Department of Parks and Recreation can be considered to have settings associated with 
forest and rangeland ecosystems. The California Department of Forestry and Fire Protection (CAL 
FIRE) manages eight demonstration forests covering over 71,000 acres. These are primarily 
forestland habitats, but do contain some range. State forests are managed for a variety of purposes. 
Conservancies covering the largest land acreage are the Sierra Nevada Conservancy, Coachella 
Mountains Conservancy, and San Gabriel and Lower Los Angeles Rivers and Mountains 
Conservancy. The main focuses of all these conservancies are to protect, preserve, and enhance 
natural habitat corridors while providing public access and recreational opportunities (CAL FIRE, 
2003).  

Local Agencies 
A portion of these lands, especially city parks, are developed settings with irrigated grass and 

other developed facilities. Wildland local parks are predominately found in the Bay/Delta, Central 
Coast, and South Coast bioregions and are particularly prevalent in areas adjacent to the Bay Area, 
Los Angeles, Orange, and San Diego County urban areas. Local parks with wildland settings and 
forest and rangeland vegetation are only a part of the total acres of local parks listed (Table 4.1.2). 
Local park acreage is considerably less extensive in the more rural regions of California that already 
have large areas of federal land.  
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Table 4.1.2  
California Land Management 
Federal Acres 

Forest Service 20,764,000 
 

Bureau of Land Management 15,159,000 
 

National Park Service 7,621,000 
 

Bureau of Indian Affairs 438,000 
 

Department of Defense 3,995,000 
State  

Dept. of Parks and Recreation 1,339,000 
 

Dept. of Forestry and Fire Protection 72,000 
 

Dept. of Fish and Game 1,148,958 
 

Local Parks  

City Parks 693,000 
 

County Parks 316,000 
 

District Parks 558,000 
 

Conservancies   
Baldwin Hills Conservancy 1,200 
Tahoe Conservancy 148,000 

Coachella Valley Mountains Conservancy 2,000 
 

San Joaquin River Conservancy 5,900 

Santa Monica Mountains Conservancy 9,000 
 

State Coastal Conservancy 1,000 
 

San Diego River Conservancy 300,000 
Sierra Nevada Conservancy 25,000,000 
San Gabriel and Lower Los Angeles Rivers and Mountains Conservancy 569,000 

Source:  California Protected Areas Database, GreenInfo Network, 2011 , CAL FIRE, 2011 

4.1.3 Range Setting  

Landbase and Ownership 
The majority of California’s working landscapes are rangelands. These lands are primarily 

managed for commodity production and/or services. “Rangelands” or “primary rangelands” include 
the area of all rangelands, regardless of availability, with suitable vegetation for grazing livestock, 
excluding conifer forests and upland hardwood forests associated with conifer forests. Included in 
these lands, however, are some conifer woodland types – typically semi-arid highland areas with 
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very open canopies dominated by pinyon pine and/or juniper and sagebrush. In California, there are 
substantial areas of forest land particularly within the U.S. Forest Service (USFS) grazing allotments. 
Though these allotments are often used for grazing, they are not shown in the estimate because 
forage output is transient, often only related to areas with little tree cover following harvesting or 
fire. These lands are termed secondary rangeland and limited information on grazing activities and 
other measures related to condition are provided. “Primary rangelands” by cover type are depicted 
in Figure 4.1.1. 

 
 

 
Figure 4.1.1 Primary Rangeland by Vegetation Cover Type 

 
A majority of rangelands are in public ownership, with the Bureau of Land Management being 

the largest public land managing agency. Forty-three percent of rangeland habitats within California 
are privately owned while 57 percent are publicly owned. This ownership pattern varies among the 
bioregions of the State.  

Management by private landowners 
The largest group of private landowners managing rangeland is the range-livestock community. 

This class of owners may include land owners who have conservation easements or similar 
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arrangements. Data comes from the USDA National Agricultural Statistics Service as part of their 
five-year national census.  

Characteristics of rangeland owners seem to approximated best by the category of “beef cattle 
(except feedlots)”. In 1997, there were over 11,500 beef cattle farms (excluding feedlots) in 
California. Nearly 72 percent of these farms statewide are less than 500 acres in size. 

Sole proprietorship is by far the most common form of ownership in all farms, including those 
with cattle sheep and goats. Partnerships are the second most common ownership, with family-held 
corporations next. In 1997, about three quarters of all farms were in sole proprietorship. About 85 
percent of farms reported as beef cattle (except feedlots) are sole proprietorships.  

Forage Use 
The range livestock industry utilizes cropland, woodland, and pasture/range for forage. Both 

private and public lands may be grazed. Ranches may use some or all of these resources. Farms 
greater than 2,000 acres had a greater dependence on pasture/range other than cropland or 
woodland for grazing than smaller farms.  

About 60% (34.1 million acres) of all available rangeland is grazed by livestock in California. 
Ninety percent of total range forage grazed each year by livestock comes from private lands (where 
the VTP will function), with the remainder coming from federally managed lands such as the BLM. 
Although private lands are much more productive (due to grasslands, better growing conditions, 
low elevation, year-round grazing), they comprise less than half (41%) of the total rangeland grazed 
by livestock as shown in Table 4.1.3. 

Table 4.1.3 
California Rangeland Area by Management (thousands of acres) 

Rangeland Vegetation Type Private USFS BLM NPS 
Other 
Public NGO Total 

Shrublands (chaparral, sagebrush) 4,842 5,806 2,353 282 1,180 60 14,522 
Grasslands 9,525 376 433 82 831 159 11,407 
Desert types 3,540 137 10,450 4,772 4,325 27 23,251 
Conifer Woodland 466 989 469 317 137 21 2,399 
Hardwood Woodland 4,296 284 193 19 456 45 5,292 
Hardwood Forest 2,828 1,305 194 104 151 12 4,594 
Total 25,497 8,897 14,092 5,576 7,080 324 61,465 
Source: CAL FIRE, 2010 

Grassland vegetation provides the most important source of forage for grazing livestock. Other 
important vegetation types for grazing are Hardwood Woodland and Hardwood Forests, which 
often occur adjacent to grasslands and have an understory of grasses. Livestock grazing occurs on 
land subject to private and public permits. In the last decade, the amount of authorized grazing has 
declined on federal land (CAL FIRE, 2010).  
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4.1.4 Environmental Factors on Rangeland 

Riparian Areas 
While only a portion of total precipitation falls on California rangelands, almost all surface 

water in California passes through rangeland at some point in its cycle. In addition, two-thirds of the 
major reservoirs are located on rangeland. Therefore, rangeland hydrology greatly influences the 
quality of California’s surface waters. The grazing activities conducted on rangelands and their 
effects on soil and water quality are of particular concern for maintaining hydrological function.  

The impact grazing has on surface hydrologic conditions depends primarily on the behavior of 
the livestock, including feeding, drinking and waste production, and traveling. The timing and the 
intensity of grazing also have an impact. The resultant effects of these behaviors can lead to 
excessive vegetation removal (over-grazing), potential erosion due to soil baring, accelerated 
channel bank erosion due to trampling, stream temperature increase due to removal of riparian 
vegetation, water pollution from direct nutrient and pathogen deposits, and habitat degradation in 
wet meadow areas (Dahlgren et al., 2001). Key issues related to water quality are cost effective 
management of riparian zone grazing practices. 

Plant Community Composition 
Plant community composition is the species type, structure (size and density), and diversity of 

vegetation on rangeland. The ability of a rangeland site to support these characteristics, resist loss 
of function and structure, and recover help define rangeland condition from a vegetative 
perspective. Major changes have occurred to rangeland plant composition since the late 1800s and 
society’s heavy demand on resources (Menke et al., 1996). Historic changes in rangeland 
vegetation, primarily for the Sierra bioregion, were marked by substantial over-grazing, introduction 
of large fires for forage improvement and unrestricted livestock foraging in riparian areas. 
Substantial changes have taken place to recover the Sierra rangelands during the last two decades, 
including a slow recovery of upland wet meadows and re-vegetation of riparian areas following 
improvements in grazing practices. 

Hardwood Range Condition Changes 
California’s hardwood rangelands are the nearly 10 million acres of hardwood forests and 

woodlands that are composed primarily of oak tree species but may also contain other hardwood 
tree species as well. The annual and perennial grasses found within California’s hardwood 
rangelands are an important source of rangeland forage for California’s livestock industry. These 
lands are generally located adjacent to the Sacramento Valley, San Joaquin Valley, and smaller 
coastal valleys within the Coast Range. While mapping efforts directed at California’s hardwood 
rangelands are useful for translating vegetation condition into wildlife habitat values, they are less 
useful as assessment tools when measuring condition variables such as rangeland forage, soil, and 
water quality. As such, soil and water quality conditions and trends are poorly quantified across 
hardwood rangelands.  

Livestock grazing has both positive and negative influences on hardwood rangeland condition. 
Positive influences include reduction in moisture competition between oak seedlings and annual 
grass species as well as reduction in fine fuels that influence fire spread rates. Negative influences 
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on hardwood rangelands include potential for increased soil compaction, alteration of stream 
hydrologic function, and direct impact on oak seedling regeneration. Some recent findings by 
IHRMP on sustainable practice research include canopy management of oak for improved forage 
yields and appropriate methods measuring the utilization of rangelands. 

Historically, ranchers removed oaks as a means to increase forage production by reducing 
competition for limited amounts of moisture and sunlight. Most studies on this topic have 
demonstrated that increased forage production is possible in rangelands dominated by blue oak 
(Quercus douglasii) if precipitation exceeded 20 inches per year and tree canopy cover exceeded 25 
percent of total area. In areas with less than 20 inches of rainfall and less than 25 percent canopy 
cover, forage yields were greater than adjacent open grassland areas. Moderate blue oak canopy 
cover (25 to 60 percent) had a variable effect on forage production.  

Current research on this topic concludes that the benefits of oak removal generally decline 
within 15 years due to the loss of an organic matter source sustaining soil quality and the disruption 
of the nutrient cycling processes. Conversely, there has been little impact on soil quality under light 
to moderate grazing pressures given organic matter inputs from grazing livestock. In addition, 
during periods of drought, the shading provided by an oak canopy results in longer retention of soil 
moisture, thus maintaining green forage for a longer period into the dry season. 

Condition of non-federal annual grasslands 
Annual grasslands provide approximately 84 percent of the forage used for domestic livestock 

grazing on California’s forests and rangelands (CAL FIRE, 2003). This percentage includes annual 
grassland as well as the annual grass understory component of valley and foothill woodland, coastal 
scrub, and chaparral land cover types. Early assessments mandated by Congress (e.g., Renewable 
Resources Planning Act, and Soil and Water Resource Conservation Act) reported California’s annual 
rangelands to be in “poor” condition. This conclusion was based on an evaluation of California’s 
grasslands according to perennial grassland standards. In these standards, assessment criteria and 
methods place annual-dominated plant communities into lower condition classes. The plant 
succession concepts and application methods developed for perennial grassland (such as 
Midwestern prairies) are not sufficiently similar to the annual grassland ecosystem function to allow 
comparison. 

Development on Rangelands 

Rangelands have faced disproportionate development and conversion pressure relative to 
other vegetation and land cover types in the state (CAL FIRE, 2010). Outside of the less-productive 
desert and other arid regions, rangeland is often found on easily developed rolling terrain near sea 
level or at low elevations, and frequently surrounds what have become urban and suburban areas. 
Moreover, the majority of areas that now comprise the great metropolitan areas in the state, such 
as in and around Los Angeles, San Diego, the Inland Empire and San Francisco’s south and east bay, 
were nearly all originally covered in rangeland vegetation types.  

The trend of rangeland at risk from development has continued. A recent study of ecosystems 
determined that rangeland types appears as the top two (and five out of the top six) WHR types at 
risk from development (CAL FIRE, 2010). The study overlaid spatially-explicit population projection 
data from the EPA with WHR and tree seed zone delineations to rank areas as low medium or high. 
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The areas most at-risk were determined to be at the periphery of the main metropolitan areas, 
where the large urban and suburban growth is most likely going to occur. 

4.1.5 Economic Importance 

Despite rangelands covering approximately 54 percent of California, agriculture and its livestock 
sub-sector have declined in relative importance within the state’s economy. The declining relative 
importance of goods production and a rise in services, trade, finance and other non-goods 
producing activities are characteristic of the structural change that swept the nation and the region 
in latter half of the twentieth century. Even with this structural transformation California has been 
the nation’s largest dairy producer since 1993, and accounted for 21 percent of the nation’s milk 
supply in 2009. 

In 2009, total cash receipts for sheep and lambs were about $37 million, representing an 
increase from 2007 levels, but an overall downward trend of close to 40 percent from the 2000 
levels. In 1990, 39 California counties had cattle and calf production values (beef and dairy) within 
their top five agricultural commodities. In 2009, 31 counties listed cattle and calf production by 
value as among their top five agricultural products. California’s cattle and calf commodity was the 
fifth leading agricultural production commodity by gross value for the state in 2009, surpassed by 
milk and cream, grapes, nursery products, and almonds. The five leading counties for cattle and calf 
production and their percent of state total were Tulare (17.9%), Fresno (13%), Imperial (12.4%), 
Merced (9.3%), and Kern (7.5%). The five leading counties for sheep and lamb production and their 
percent of state total included Fresno (19.6%), Solano (12.2%), Kern (12%), Imperial (10.4%), and 
Merced (5.2%). While each of these counties contains open rangeland, a large portion of their 
contribution comes from production in feedlots.  

Sales of beef cattle comprise over 90 percent of the income generated from livestock 
operations. However, prices for sheep, cattle, meat, wool, and other products tend to reflect global 
markets, trade factors, and other conditions. There is a high degree of integration in the North 
American cattle market. U.S. cattle inventories exceed Canadian inventories by almost ten-fold; 
inventory highs and lows tend to parallel each other. U.S. and Canadian fed steer prices generally 
run closely together. In general, prices follow a cycle that is related to biological and market factors. 
Long-term cattle prices are determined in the U.S. market, but increasingly American producers 
compete with foreign imports of beef. For example, several large hamburger and restaurant chains 
in the United States import significant portions of their meat. At the same time, growth of foreign 
producers such as Australia and New Zealand has increased competition for American producers 
who wish to export. This adds downward pressure on prices received for American cattle. This trend 
is likely to continue for the near future as prices in California largely reflect these kinds of factors. 
They, too, are cyclical and have varied greatly in the last decade. As of January 1, 2011, over all of 
the U.S. all cattle and calf inventory was down 1 percent from the 2010 levels. This is the lowest 
inventory on hand since 1958.  
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4.1.6 Forest Setting  

Land base and Ownership 
The California Department of Forestry and Fire Protection’s Fire and Resource Assessment 

Program (FRAP) defines California’s forest lands as those lands that currently have at least 10 
percent canopy cover of live trees as interpreted from satellite imagery. This definition includes not 
only conifer and hardwood forests but also considerable areas of woodlands. FRAP has made 
estimates of forest land based on the 10 percent cover rule. This estimate varies from published 
U.S. Forest Service (USFS), Pacific Northwest Experiment Station (PNW) forest land estimates. The 
USFS/PNW includes forest lands that were stocked in the past in their estimates. In contrast, FRAP 
estimations are based on current vegetation rather than potential vegetation. FRAP’s Land Cover 
Mapping and Monitoring Program estimates include conifer and hardwood forests in the forest land 
base, but unlike USFS/PNW excludes chaparral, shrub lands, and other non-stocked lands capable of 
producing trees. Based on this definition, forestlands are depicted in Figure 4.1.2.  

 
Figure 4.1.2  California forest lands by bioregion 
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A primary source of information for the forest land base is timberland statistics, which are 
reported by the Pacific Resource Inventory, Monitoring and Evaluation Program (PRIME) of PNW. 
This reporting mechanism is often referred to as the Forest Inventory and Analysis (FIA). FIA 
statistics are collected and reported for several regions or resource areas. These include the North 
Coast, Central Coast, North Interior, Sacramento, and San Joaquin/Southern. (See web site for 
California FIA data http://www.fs.fed.us/pnw/fia/). 

Under FIA, the forestland base is classified into several categories that describe capability and 
availability for timber production. FIA groups forest land into the following categories:  

Timberland: Forest land capable of growing 20 cubic feet or more of industrial wood per acre 
per year (mean increment at culmination in fully stocked, natural stands). These lands correspond 
closely to lands that can be viably managed sustainable for timber production.  

Reserved and withdrawn timberland: Forest land capable of growing 20 cubic feet or more of 
industrial wood per acre per year (mean annual increment at culmination in fully stocked, natural 
stands). Reserved timberland has been dedicated to non-commodity use through statute, 
ordinance, or administrative order (i.e. Parks and Wilderness Areas).  

Other forest: Forest land incapable of growing 20 cubic feet of industrial wood per acre per 
year (mean annual increment at culmination in fully stocked, natural stands) due to adverse 
conditions. Such conditions include sterile soils, dry climate, poor drainage, subalpine sites, 
steepness, or rockiness.  

Reserved other forest: Forest land not capable of growing 20 cubic feet of industrial wood per 
acre per year that is statutorily reserved from harvesting.  

Most of California’s timberland is found in the North Coast, North Interior, and Sacramento 
resource areas. Most of the reserved forests and timberlands are found in the San Joaquin, North 
Interior, and North Coast resource areas (Table 4.1.4).  

Table 4.1.4  
Area of Forest Land by Classification and Resource Area (thousand acres), 2001-2009 

FIA Resource 
Area Timberland 

Reserved and 
Withdrawn 
Timberland Other Forest 

Reserved 
Other Forest Total Forest 

All California (59%)   19,375 (12%)   4,083 (24%)   7,728 (5%)   1,760 32,946 
Central Coast 527 244 1,345 298 2,412 
North Coast 3,958 344 308 26 4,635 
North Interior 6,796 1,137 1,648 61 9,642 
Sacramento 5,067 245 1,191 84 6,587 
San Joaquin 2,712 2,006 2,469 754 7,941 
Southern 316 108 768 537 1,729 

Source: compiled by FRAP from Waddell, 2011 

FIA provides a description of the classes of ownership corporate and non-corporate private, 
USFS, Other Federal and State and Local Government for VTP projects that are utilized by 
landowners in all five categories. USFS includes lands administered by that agency. Other Federal 
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covers land administered by other federal agencies. In California, this would cover lands 
administered by federal entities such as the National Park Service, BLM, US Fish and Wildlife Service, 
and the Department of Defense. State and Local Government and lands are administered by state 
entities like the State Department of Parks and Recreation.  

The classification of Private Corporate includes land owned by companies, Corporations, legal 
partnerships, investment firms, banks, timberland or real-estate investment trusts. The Private 
Corporate owns just under half of the privately owned timberland. 

The classification of Private Non-Corporate includes lands not owned by corporate forest 
ownership. This includes non-governmental conservation and natural resources organizations, 
unincorporated local partnerships, associations and clubs, farmer and rancher owned lands, 
privately managed timberland without mills, Native American lands, and individually owned private 
lands. This ownership class controls close to the same amount timberland as the corporate 
ownership, but they generally have older stands. Additionally, other private owners hold roughly 
half of all acres of where the trees are of harvestable ages.  

The class of “other owners” can include lands owned and/or managed by trusts or 
conservancies. This is significant in California because, according to the Land Trust Census in 2000, 
California ranked first in total acres that included 132 land trusts and protected 1.25 million acres. 
Within California, land trusts have protected both forest and rangeland through ownership, 
purchase of conservation easements, or land transfers to governmental agencies.  

 Distribution of timberland ownership differs considerably from one region to another (Table 
4.1.5). National forests are the predominant timberland owners in the North Interior, Sacramento, 
and the combined San Joaquin/Southern resource areas. Forest industry has the largest holdings in 
the North Coast and substantial holdings in the North Interior. Other private owners are the 
predominant ownership category in the Central Coast. 

Table 4.1.5  
Area of Timberland by Ownership and FIA Resource Area (thousand acres) 
Resource Area Total 

Private 
Forest 
Industry  

Other 
Private 

Total 
Public 

USFS Other 
Public 

Total 

North Coast 2,738 1,402 1,336 675 535 140 3,413 
North Interior 2,276 1,717 559 3,669 3,519 150 5,945 
Sacramento 1,663 911 752 2,635 2,556 79 4,298 
San Joaquin/Southern 515 146 369 2,173 2,120 53 2,688 
Central Coast 245 22 22 62 55 7 307 
California 7,437 4198 3,239 9,214 8,785 429 16,651 

 Under the Forest Taxation Reform Act, 5.4 million acres of non-federal timberland in 32 
counties have been designated as Timber Production Zones (TPZ). Similar to open space zoning for 
agricultural lands, these lands receive a lower property tax assessment in exchange for limiting their 
use to timber production and compatible uses. Regionally, lands with the highest proportion of 
timberlands in TPZ include the Klamath/North Coast and Modoc bioregions. Approximately three 
quarters of private timberland in California is TPZ land (Shih, 1998).  
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4.1.7 Bioregion Overview 

Introduction 
The following Bioregion descriptions are modified from the California Biodiversity Council Website: 

Klamath/North Coast 
Description: Bounded on the west by the Pacific coastline and on the north by the Oregon border. 
The bioregion extends eastwards to include all of Klamath National Forest and Shasta-Trinity 
National Forest and the entire North Coast Range (down to the Sacramento Valley floor) The 
southern boundary reaches the southern limits of Lake and Mendocino counties (Figure 4.1.3). 

 
Figure 4.1.3 North Coast/Klamath Bioregion 
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Modoc 
Description: Bounded on north by the Oregon border and on the east by the Nevada border. The bioregion 
extends west to include all of Modoc National Forest and Lassen National Forest, plus additional lands 
extending down to the Sacramento Valley floor. The southern boundary reaches the southern limits of Lassen 
National Forest and Lassen County (Figure 4.1.4). 

 
Figure 4.1.4 Modoc Bioregion 
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Sacramento Valley 
Description: The western, northern and eastern limits are the edges of the valley floor (essentially 
where the blue oak woodland starts). The southern limit is the northern edge of the Sacramento-
San Joaquin Delta (Figure 4.1.5). 

 
Figure 4.1.5 Sacramento Valley Bioregion 
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Bay/Delta 
Description: The boundary is essentially the immediate watershed of the Bay Area and the Delta, 
not including the major rivers that flow into the Delta. Bounded on the north by northern edge of 
Sonoma and Napa counties and the Delta and extending east to the edge of the Sacramento valley 
floor. The bioregion is bounded on the south by the southern edge of San Joaquin County, the 
eastern edge of the Diablo Range, the southern edge of Santa Clara and San Mateo counties (Figure 
4.1.6). 

 
Figure 4.1.6 Bay Delta Bioregion 
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Sierra 
Description: Bounded on the north by the northern edge of Plumas National Forest. The western 
edge is the Sacramento Valley floor. Bounded on the east by the Nevada state line and the western 
edge of BLM's California Desert Conservation Area and bounded on the west by the Sacramento and 
San Joaquin Valley floors, and south to the Tejon Pass in the Tehachapi Mountains (Figure 4.1.7). 

 
Figure 4.1.7 Sierra Bioregion 
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San Joaquin Valley 
Description: Bounded on north by the southern edge of the Delta, and on all other sides (west, 
south, and east) by the San Joaquin Valley floor. The one major exception to this is the 
southwestern extension to include the Carrizo Plain and BLM-managed lands in the Caliente 
Resource Area (eastern San Luis Obispo County) (Figure 4.1.8). 

 

 Figure 4.1.8 San Joaquin Valley Bioregion 
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Central Coast 
Description: Bounded on north by the northern limits of Santa Cruz and San Benito counties, and on 
the east by the San Joaquin Valley floor and the Carrizo Plain. The southeastern limit is the eastern 
and southern edges of the Los Padres National Forest. The western edge is the coastline (Figure 
4.1.9). 

 
 Figure 4.1.9 Central Coast Bioregion 



 
Regional Setting and Bioregion Overview 

 

California Department of Forestry and Fire Protection 4.1-20 
Vegetation Treatment Program  
Draft Environmental Impact Report  
 

Mojave 
Description: Bounded on west by western edge of BLM California Desert Conservation Area and on 
east by Nevada state line. Bounded on south by the northern base of the San Gabriel and San 
Bernardino Mountains, the southern edge of Joshua Tree National Monument, and the southern 
edge of San Bernardino County (between Joshua Tree and Nevada state line) (Figure 4.1.10). 

 
Figure 4.1.10 Mojave Bioregion 



 
Regional Setting and Bioregion Overview 

 

California Department of Forestry and Fire Protection 4.1-21 
Vegetation Treatment Program  
Draft Environmental Impact Report  
 

South Coast 
Description: Bounded on the north by the southern edge of Los Padres National Forest and the 
northern base of the San Gabriel and San Bernardino Mountains and bounded on the east by the 
western edge of the BLM California Desert Conservation Area and on south by Mexican border 
(Figure 4.1.11).  

 
Figure 4.1.11 South Coast Bioregion 
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Colorado Desert 
Description: Bounded on the west by the western edge of the BLM Desert Conservation Area and on 
the north by the southern edge of Joshua Tree National Monument and the southern edge of San 
Bernardino County and the east by Arizona state line and on south by Mexican border (Figure 
4.1.12). 

 
  Figure 4.1.12 Colorado Desert Bioregion 



 

California Department of Forestry and Fire Protection 4.2-1 
Vegetation Treatment Program 
Draft Environmental Impact Report 
 

4.2 Wildfire Trends 

4.2.1 Introduction 
Over millennia, fire has played an integral role in regulating the spatial pattern, composition, 

and structure of California’s natural resources. With its Mediterranean climate, productive soils, and 
frequent ignitions from lightning and Native American peoples, fire has been an endemic force 
shaping the landscapes of California. From coastal grasslands to sub-alpine forests to the Mojave 
Desert, fire has been an active ecological agent in almost all vegetated areas. 

Fire provides an essential ecological function by cycling nutrients, changing plant composition 
and structure through mortality and fire induced regeneration, modifying habitat for wildlife, and 
increasing forest health by consuming fuels, thereby making forests less susceptible to unnatural 
fire severity, pests, diseases, drought, and pollutant stresses. Many tree and shrub species depend 
on fire to expose bare mineral soil and create gaps for seedling establishment and reduce shade-
tolerant competition.  

Fire helps maintain a mosaic of habitat conditions in the landscape and preserve biodiversity. 
Within fire adapted ecosystems, many common plants exhibit specific fire-adapted traits such as 
thick bark and fire-stimulated flowering, sprouting, seed release and/or germination (Chang, 1994). 
Some understory shrubs and herbs require the direct effects of fire (heat and/or smoke) to 
stimulate germination. Where fire return intervals were short, such as ponderosa pine forests, 
surface fires of low intensity removed seedlings and saplings, consumed accumulated tree litter and 
downed woody material, and accelerated the return of nutrients to the soil. In frequent fire-
adapted communities this maintained an open, park-like forest stand with a continuous ground 
cover of grasses, herbs, and shrubs beneath the forest canopy (Kaufmann and Catamount, [nd]; 
Parsons and DeBenedetti, 1979). 

Overview of Wildfire on the California Landscape 

For purposes of analysis, the history of wildfire in California can be loosely categorized into pre-
European settlement fire regimes and post-European settlement fire regimes, especially the last 
fifty years where rigorous fire suppression efforts have been undertaken.  

Natural fire regimes that existed prior to European settlement in California (pre-1700) involved 
a wide range of fire frequencies and effects on ecosystems; roughly one-third of the State 
supported frequent fire regimes of 35 years or less. Some areas likely burned on an almost annual 
basis. Pre-European settlement fire patterns resulted in many millions of acres burning each year, 
with fire acting as a major ecological force maintaining ecosystem vigor and ranges in habitat 
conditions. The pre-settlement period is often viewed as the period under which the “natural” fire 
regime standard for assessing the ecological role of fire developed (Figure 4.2.1).  
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Figure 4.2.1 Wildfire Trends 

 
Twenty percent of California is currently either non-wildland or non-vegetated lands. The 

remaining eighty percent of land area currently supporting wildlands can be categorized according 
to the following pre-settlement conditions: (CAL FIRE, 2003a) 

• Eighty-seven percent supported low or mixed severity fire regimes. 

• Thirty-four percent supported fire return intervals of 0 to 35 years, the vast majority of 
which were in the low severity, non lethal class. 

• Thirty-three percent supported fire return intervals in the 35 to 100 year range. 

• The remaining one-third of California’s wildlands supported long fire return intervals of 
greater than 100 years, with the vast majority as partially-lethal severity fire regimes 
typical of the desert region. 

In the suppression (modern) era, statewide fire frequency is much lower than before the period 
of European settlement. Between 1950 and 2008, California averaged 320,000 acres burned 
annually, only a fraction of the several millions of acres that burned under the pre-settlement 
regimes (Stephens et al., 2007). Land uses such as agriculture and urbanization have reduced the 
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amount of burnable landscape, and most wildland fires are effectively suppressed to protect 
resources, commodities, and people. 

Before the twentieth century, many forests within California were generally open and park like 
due to the thinning effects of recurrent fire. Decades of fire suppression and other forest 
management have left a legacy of increased fuel loads and ecosystems dense with an understory of 
shade-tolerant, late-succession plant species. The widespread level of dangerous fuel conditions is a 
result of highly productive vegetative systems accumulating fuels and/or reductions in fire 
frequency from fire suppression. In the absence of fire, these plant communities accrue biomass, 
and alter the arrangement of it in ways that significantly increase fuel availability and expected fire 
intensity. As such, many ecosystems are conducive to large, severe fires, especially during hot, dry, 
windy periods in late summer through fall. Additionally, the spatial continuity of fuels has increased 
with fewer structural breaks to retard fire spread and intensity. The increased accumulations of live 
and dead fuels may burn longer and more completely, threatening the integrity and sustainability of 
the ecosystems.  

Species composition within these forests is also rapidly changing. Plant and animal species that 
require open conditions and/or highly patchy edge ecotones are declining and streams are drying as 
evapotranspiration increases due to increased stocking. Additionally, streams are being infiltrated 
by silt and debris following high severity fires, and unnaturally severe wildfires have destroyed vast 
areas of forest (Bonnicksen, 2003). Some insects and disease have reached epidemic proportions in 
parts of the State and forest conditions are conducive to more outbreaks. The understory of these 
once open forests is now dominated by smaller shade tolerant trees that would have previously 
been thinned and/or consumed by fire.  

4.2.2 Wildland Fire Trends 
In support of the California Fire Plan, CAL FIRE collects fire perimeter history dating back to the 

late 1800s. The average annual area burned is estimated at 320,000 acres, but is highly variable 
where the trend over the last 50 years is influenced by several years of extreme fire events (Figure 
4.2.2). The annual variation is thought to be associated with climate and the association between 
years of pronounced drought and years with large and extensive fires (CAL FIRE, 2002). Table 4.2.1 
summarizes the vegetation types burned by bioregion over the last 10 years and Figure 4.2.3 shows 
the statewide trend by decade since 1950. The statewide trend demonstrates that brushlands 
(shrubs) burn more frequently than other vegetation types, and that this relationship is consistent 
across the entire data record. Grasslands (herbaceous) are shown to burn about one-quarter as 
frequently as brushlands (shrubs) (CAL FIRE, 2010). The last 10 years of fire data show that fires 
have burned most extensively in the South Coast bioregion in areas dominated by brushland. This 
bioregion appears to be exhibiting a higher fire return interval than others. Also, a recent set of 
large fire years in forested areas indicate an increase in wildfire activity in this type, which may be 
influenced by climate change, long-term fuel dynamics, incidence of large lightning events in remote 
areas, or a combination of all three. 
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Table 4.2.1  
Average Annual Acres Burned and Percent of Habitats Burned by Wildfire in 1996-2005* on State Direct 
Protection Areas by Vegetation Type and VTP Geographic Region  

Bioregion Timberland Woodland Brushland Grassland Agricultural 
 Avg. Acres 

Burned 
% Avg. Acres 

Burned  
% Avg. Acres 

Burned  
% Avg. Acres 

Burned  
% Avg. Acres 

Burned  
% 

Bay / Delta 12 14 1,673 19.72 2,330 27.46 4,453 52.48 18 0.21 

Colorado Desert 0  0  0  0  0  

Modoc 1,188 65.3 81 4.46 287 15.76 259 14.24 4 0.24 

Mojave 283 1.24  13 0.05  16,708 73.43  5,747 25.26  2 0.01  

Klamath / North Coast 2,267 30.38 2,975 39.87  998 13.38  1,206 16.16  16 0.21  

Sacramento Valley 4,570 12.71  8,478 23.57  16,759 46.60  6,017 16.73  142 0.39  

San Joaquin Valley 16 0.10  754 4.55  1,226 7.40  14,470 87.29  111 0.67  

Sierra 1,505 10.97  2,344 17.08  5,025 36.62  4,785 34.87  61 0.45  

Central Coast 17 0.24  247 3.52  4,456 63.53  2,162 30.81  133 1.89  

South Coast 2,127 4.95  3,379 7.86  35,328 82.15  1,877 4.36  292 4.95  

Totals 11,985  19,944  83,117  40,976  779  

Sources: Burned acres: Wildfire Activity Statistics, California Department of Forestry and Fire Protection, 1996-2005. 
Total direct protection areas acres by region: California Department of Fire and Forestry, Fire and Resource Assessment 
Program. 
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Figure 4.2.2 Annual area burned in California from 1950 – 2010 (CAL FIRE) 
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Figure 4.2.3 Percent of area burned by decade and vegetation life form, 1950 -2008 

4.2.3 Wildland Fire Economic Impacts 
The potential economic impact of failing to reduce excessive accumulations of flammable 

natural vegetation in the Wildland/Urban Interface (WUI) is substantial.  

The number of acres burned fluctuates considerably from year to year, and related financial 
losses are on the rise. After adjusting for inflation, dollar losses from wildfire damage exceeded 
$100 million only twice in the 42 year period between 1947 and 1989. But from 1990 to 2005, 
damages exceeded $100 million a total of 7 times. Expenditures to suppress these wildfires also 
fluctuate from year to year and are increasing as well. Costs in real dollars doubled in the latter half 
of the 1990-2005 period, increasing from a yearly average of $83.6 million to $160.1 million (in 2005 
dollars). 

There is strong scientific agreement that the use of fuel treatments help to reduce the impact 
and damage from wildfires, but there is a lack of quantifying data to directly relate treatment 
methods to a reduction in damage and costs relative to WUI. Alternatively, modeling has shown 
significant effectiveness (Finney et al., 1997) directly on tree mortality (e.g., Martinson and Omi, 
2005).  

Benefits from projects can be realized in the initial attack phase by controlling more fires at 
very small sizes. As fires escape initial attack they grow more complex with many factors 
contributing to costs of fire suppression and damage. Individual treatments within these larger fire 
areas can systematically realize extended attack benefits outside their actual boundaries if the 
collection and pattern of treatment areas has been developed using landscape level strategies 
(Finney, 2005). Targeted fuel treatments aimed at reducing the vulnerability of houses in the WUI 
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can mean the difference for individual structures, entire subdivisions or even towns and villages in 
the path of an approaching wildfire. Vegetation treatment has other benefits (range improvement, 
biomass fuels, watershed integrity), but it is from the reduction of fire hazards where the largest 
share of economic benefits will be derived. 

The initial attack phase is most critical for controlling overall wildfire related costs and losses. 
The California Department of Forestry and Fire Protection’s goal for wildland fire protection is to 
contain 95 percent of vegetation fires at 10 acres or less. Statewide, approximately 97 percent of all 
vegetation fires are contained within the first few hours after they are reported. Some of the three 
percent that escape initial attack may eventually become large and complex campaign fires which 
require a formal base camp and management functions including logistics, communication, finance, 
food services, and other functions. A typical campaign fire can cost one million dollars or more per 
day at full staffing. Several large fires burning at one time can quickly draw down the pool of fire 
suppression resources, increasing the chances of more escaped fires. Clearly, stopping fires before 
they can become large is a key to limiting wildfire related costs and damage, and loss of life (Figure 
4.2.4). 

Wildfire Acres and Dollar Damage (CDF Jurisdiction Fires)  
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Figure 4.2.4 Wildfire acres and dollar damage for fires in CAL FIRE jurisdiction  

 
The total monetary cost of fire protection is measured by state and federal taxpayer 

expenditures, disaster relief payments, property losses, and insurance premiums. When fires escape 
initial attack, costs often escalate quickly. The cost of extended attack and large fires are 
unpredictable thus are not included in initial annual CAL FIRE budget appropriations. Extended fire 
attack costs for suppressing wildfires on lands where California has financial responsibility are 
covered by the State’s “emergency fund” (or E-Fund). A minor share of these costs is eventually 
reimbursed through the Federal Emergency Management Agency (FEMA). A five year moving 
average shows an upward trend (Figure 4.2.5). 
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CDF Emergency Fund Expenditures
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Figure 4.2.5 Trend in the cost of fire protection 

Planning and fuel hazard reduction efforts at the local level 
One key element in increased awareness of the importance of fuel hazard reduction efforts is 

the California Fire Safe Council. The Council was formed in 1993 and now has over 250 members (or 
equivalent) from governmental agencies, business and other entities (CAL FIRE, 2010). The Council 
has distributed fire prevention information widely and fostered the development of local Fire Safe 
Councils. This was facilitated by the award of $3.7 million of 2001 National Fire Plan grants to fund 
fire safety programs in California. The Fire Safe Council and agencies in California have formed the 
California Fire Alliance and combined National Fire Plan funding into a single internet location to 
help simplify the grant process (http://www.cafirealliance.org/).  

Especially in the last decade, planning and fuel hazard reduction efforts have increased and 
strengthened substantially. This can be seen in counties such as Ventura, Nevada, and San Diego.  

In the case of Ventura County, the Ventura County Protection District (VNC) has had a weed 
abatement program in place since the 1970’s. The ordinance requires that property owners provide 
a 100 foot defensible space around structures. The ordinance is vigorously enforced. All fire 
departments in the county have this program as a model (http://fire.countyofventura.org/ 
LinkClick.aspx?fileticket =Idx%2B4Hf%2Fq%2F8%3D&tabid=56). The VNC also conducts an active 
vegetation treatment program for fuel reduction. 

As part of the Southern California fire siege in October 2003, three major wildfires – the Piru, 
the Verdale, and the Simi fires – burned in Ventura County. Ventura County did not suffer the same 
proportionate losses as other jurisdictions. In an analysis following the wildfires, Ventura County 
indicated that one issue exacerbating the damage was poor development planning prior to the 
1970s. This resulted in such issues as narrow roads, inadequate water and indefensible topographic 
locations. While attributing the major reason for success to aggressive fire fighting, VNC did cite the 
existence of vegetation management projects, planned developments and newer high hazard fire 
codes, and the weed abatement ordinance as measures that worked well. Particularly in the case of 
vegetation management, VNC maintains fuel breaks and fire roads that gave access to remote 

http://www.cafirealliance.org/
http://fire.countyofventura.org/LinkClick.aspx?fileticket
http://fire.countyofventura.org/LinkClick.aspx?fileticket
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areas. VNC also indicated that they have done several VTP projects, largely to improve grazing for 
ranchers, which turned out to be strategic control points during the fires. (Ventura County Wildland 
Fire Siege, October 2003 at http://fire.countyofventura.org/LinkClick.aspx?fileticket=Idx%2B4Hf% 
2Fq%2F8%3D&tabid=56. 

Within Nevada County, because of the significant urban intermix problem, much of the fire 
prevention effort has been spent on reducing the potential for large damaging fires. This has been 
accomplished through the efforts of a seasonal fire prevention inspector who in 2011 conducted 
Public Resource Code 4291 inspections on 2,772 residents within the battalion, along with a 
schedule ‘A’ Fire Protection Planner whose focus has been placed on land use review, concentrating 
on fuel modification, adequate access and egress and water storage for fire protection. CAL FIRE has 
also been instrumental in the newly developed Nevada County Fire Plan addressing the need for 
hazardous fuel modification. CAL FIRE is also involved with the Nevada County Fire Safe Council that 
oversees the Nevada County chipping program. The PRC 4291 inspections serve a dual purpose, 
vegetation management and public education. In 2000 the local CAL FIRE unit found in its Nevada 
County Inspection program that only about five percent of the residences require a second 
inspection to ensure compliance with PRC 4291. Approximately one percent of the residences 
required a third inspection. 

In its August 2003 report, the San Diego Wildland Task Force agreed that fuel or vegetation 
management is the single most effective tool available to mitigate fires. The build-up of fuel greatly 
affected the intensity and speed of the recent fires contributing to the loss of lives and property. 
Prescribed burning, thinning, weed abatement, brushing and clearing, and fire breaks are principle 
methods of fuel management that the County could utilize to lessen the strength of another 
catastrophic fire.  

4.2.4 Characterizing Wildfire 
Rotation 

Fire rotation is defined as the length of time necessary for an area equal to an entire area of 
interest to burn. For example, an area with historically large stand-replacing fires occurring less 
frequently will have a longer fire rotation. At regional scales, fire rotation is a useful relative 
measure of expected average time intervals between fires. In 2007, FRAP used various data to 
create a current Fire Rotation Class map – fire data including perimeters from up to the last 50 years 
and augmented by fire ignition points was computed within geographic zones defining areas of 
similar environmental factors relevant to fire occurrence (vegetation, weather, development status 
and extreme elevation). The Fire Rotation Class map provides a basis for comparing current rates of 
fire occurrence with fire occurrence rates expected under more natural fire regimes, as reflected in 
the pre-settlement era (Figure 4.2.6). 
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Figure 4.2.6 Fire Rotation 

 
Much of the dry forest and woodland areas of California are clearly burning less frequently than 

was typical under the pre-settlement regimes. Distribution of fire is biased to the Southwest, 
especially the South Coast interior, interior areas of the North Coast mountains, and the Sierra 
foothills. Low values in the desert reflect yearly variation in herbaceous fuel crops. 

Depending on type and area, lands in the frequent fire regime are burning up to 100 times less 
frequently in the modern era (Martin and Sapsis, 1992; Skinner and Chang, 1996). Most of the brush 
and chaparral systems are probably operating close to their natural range of variation in fire 
frequency, with the notable exception of isolated areas of coastal sage scrub and light brush that 
appears to be burning more frequently, likely due to the invasion of annual grass species that 
fundamentally change fuel dynamics in the post-fire environment, making them highly flammable 
after fire (Keeley and Fotheringham, 2001).  
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Where suppression has increased the times between fires, significant ecological and public 
safety concerns can be raised. This is particularly true where the absence of fire alters fuelbed 
characteristics resulting in significant increases in expected fire behavior. An example of this type of 
change is the lower elevation ponderosa pine/mixed-conifer ecosystems under CAL FIRE protection 
where FRAP has calculated fire rotation for the Sierra bioregion conifer to be 618 years. The 
expected fire frequency under the natural fire regimes would have likely been between five and 15 
years (Skinner and Chang, 1996). In the specific case of chaparral, while the frequency may not have 
changed significantly, and ecological stability appears not to be at risk (at least in terms of fire 
occurrence), there still exists the potential for extreme fire behavior, and such hazards do pose 
significant risks to people and property.  

Fire Behavior Potential 
Fire behavior describes how a particular fire acts – how fast it spreads, how much fuel it 

consumes, how much and at what rate energy is released. Fire behavior is the driving characteristic 
that determines how a particular fire will affect assets and natural resources, and is the basic issue 
in managing fire on natural landscapes. Fire intensity, or more specifically, fireline intensity, is 
defined as the amount of energy released per unit length of flame front. It provides a relatively 
simple and useful metric for assessing fire behavior both for questions related to suppression as 
well as questions related to fire effects. In most areas, due to a modern fire frequency much lower 
than pre- European settlement, much of California’s wildlands support conditions of high or very 
high potential fire behavior (intensity) if fires are not aggressively suppressed. Of the 85 million 
acres of vegetated areas statewide, 51 percent have fuel and slope conditions that would support 
high or very high fire behavior when burned under typical severe weather conditions (Table 4.2.2). 
Fires that burn in these areas under hot, dry, and windy conditions are difficult to control even by 
the world’s most comprehensive wildland protection system.  

Table 4.2.2   
Area of Potential Fire Behavior 
Bioregion Moderate High Very High Non wildland / not 

mapped 
Bay Area / Delta 2,331,508 1,476,304 450,891 1,446,562 
Central Cost 2,066,535 4,431,763 950,948 539,945 
Colorado Desert 4,623,040 738,635 158,871 1,231,460 
Klamath / North Coast 3,138,728 7,349,663 3,355,390 538,275 
Modoc 1,154,620 4,941,003 1,214,330 1,011,961 
Mojave 16,311,678 2,341,304 357,302 923,500 
Sacramento Valley 1,307,867 659,312 59,953 1,925,193 
San Joaquin Valley 2,675,151 717,389 78,913 4,746,847 
Sierra 5,730,122 6,712,368 3,475,179 2,382,014 
South Coast 2,557,958 2,115,014 1,838,840 539,945 
Total 41,897,207 31,482,755 11,940,617 15,285,702 

 

Many areas of moderate potential fire behavior, such as grasslands, are interspersed into areas 
of higher potential fire behavior and may often act as vectors of fire spread (Figure 4.2.7). Extensive 
areas of Very High potential fire behavior border many areas of population centers like the Los 
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Angeles Basin, while the western flank of the Sierra Nevada forms a continuous belt of dangerous 
fuels.  

 
Figure 4.2.7 Potential fire behavior 

Threat 

Expected fire frequency and expected fire behavior are combined into a single metric called 
“Fire Threat.” This index reflects both the chance of wildfires (expected fire frequency) and the 
prevailing potential fire behavior. In California 35 percent of the area mapped is in the High threat 
class, 18 percent is in the Very High class, and two percent is in the Extreme threat class (Table 
4.2.3). While roughly one-third of California presents a moderate fire threat, there may still be 
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significant impacts from wildfires should they burn under extreme fire weather conditions. Many of 
the locations of greatest concern for fire threats are also located in the Los Angeles basin, and the 
western flank of the Sierra Nevada (Figure 4.2.8) 

Table 4.2.3   
Statewide Fire Threat 

Fire threat Acres % of State % of area mapped 
(non-wildland excluded) 

Moderate 36,942,600 37 45 
High 30,370,766 30 35 
Very High 15,769,155 16 18 
Extreme 2,249,365 2 2 
Not mapped 15,582,151 15 -- 

  
Figure 4.2.8 Threat of wildfire 
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Condition Class 
Wildfire can cause serious and long-lasting damage to ecosystems. A fire regime condition class 

has been developed as a way to describe the degree of departure from the natural pre-settlement 
fire regime. These classes are assigned based on current vegetation type, structure, an 
understanding of its pre-settlement fire regime, current conditions, expected fire frequency, and 
potential fire behavior. For fire-adapted ecosystems, much of their ecological structure and 
processes are driven by fire, and disruption of fire regimes leads to changes in plant composition 
and structure, uncharacteristic fire behavior and other disturbance agents (pests), altered 
hydrologic processes and increased smoke production (Figure 4.2.9, Table 4.2.4). 

 

Figure 4.2.9 Condition Class 
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Table 4.2.4   
Condition Class Status 

Bioregion Within Historical Range Moderately Altered Significantly Altered Non-Wildland 

 Acres % Acres % Acres % Acres % 

Bay Area / Delta 1,884,238  33.03 1,168,593   (20.48) 180,310 3.16 2,472,124  43.33 

Colorado Desert 5,148,216  (76.25) 225,049   (3.33) 29,366  (0.43) 1,349,376  19.98 

Modoc 995,264   11.96 2,085,757   25.06 4,245,886  51.02 995,007  11.96 

Mojave 17,778,545  89.19 557,265   2.80 582,225 2.92 1,015,749  5.10 

North Coast / Klamath 4,320,218  30.04 3,292,533  22.89 6,077,263  42.26 692,041  4.81 

Sacramento Valley 1,220,790  30.89 503,648   12.74 558  0.01 2,227,329  56.35 

San Joaquin Valley 2,422,194  29.47 314,377  3.83 40,869  0.50 5,440,860  66.20 

Sierra 5,050,735  27.60 6,164,788    33.69 4,860,929  26.56 2,223,232  12.15 

South Central Coast 3,532,962  42.70 3,288,651  39.75 425,283  5.14 1,026,859  12.41 

South Coast 1,219,910  17.30 2,207,190  31.30 989,207  14.03 2,635,451 37.37 

Total 43,573,072  43.19 19,807,851  19.63 17,431,896  17.28 20,078,028  19.90 

Roughly 37 million acres are ecologically at risk from fire with 17 million acres of these at high 
risk (Table 4.2.5). Condition Class 2 lands (moderate risk) have missed one or more fire return 
intervals, resulting in moderate increases in fuel load and fire size, intensity, and severity. These 
areas pose a moderate public safety and ecological risk from severe fire, and need moderate levels 
of restoration treatment (e.g. mechanical fuel removal, prescribed fire).  

For Class 3 lands (high risk), several fire return intervals have been missed, resulting in 
considerable accumulation of live and dead fuels. These lands, which range from pine forests in the 
Klamath/North Coast Bioregion to coastal sage scrub communities within the South Coast Bioregion, 
pose the greatest risk to public safety and are most in danger of ecological decline.  

4.2.5 Environmental Trends 
Fuels from Poor Forest Health 

Trees killed by drought, insects, or pathogens create fuel that exacerbates fire hazard, 
especially if the fire occurs while fine dead fuels (leaves and small twigs) are still attached to the 
tree. When fire occurs in a system with moderate to high levels of dead trees, it is often larger and 
more severe than one expected in areas with a natural fire regime. Altered fire regimes, resulting 
from successful fire control, and past management practices along with past high levels of mortality, 
have resulted in increased fuels accumulation, increased tree stress, and additional host material for 
breeding of pest and disease organisms. 

The USFS estimates that 3.5 million acres are at risk of up to 25 percent or more tree mortality 
over the next 15 years across the forested area of the State; a total of 2.3 million acres on national 
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forest lands and 1.2 million acres on other lands. More than 15 percent of the conifer forests in 
California are at high risk to mortality from pest damage due to overstocking through 2015. 
Approximately 25 percent of the conifer forests in some bioregions, including the Modoc and South 
Coast, are at high risk.  

Table 4.2.5   
Percent of Timberland Area by Fire Threat Class 

Threat Percent 
None assigned 1 
Moderate 21 
High 37 
Very High 40 
Extreme 1 
Total  100 

Years of severe drought have left the forests of San Bernardino, Riverside and San Diego 
counties in Southern California significantly stressed and vulnerable to a bark beetle infestation 
which has created millions of dead and dying trees. Aerial surveys estimate that over two-thirds of 
the Southern California forests have suffered above normal tree mortality due to drought and 
insects, creating an extreme fire hazard within infected areas. The magnitude and extent of 
mortality has produced fuels that pose major threats to life and property, ecosystem structure, 
function, and long-term sustainability. It is estimated that in the San Bernardino Mountains, current 
forest density is ten times the natural density which is 30 trees per acre.  

Climate Change 
Climate change is expected to bring with it a rapid increase in greenhouse gasses that will alter 

both temperature and precipitation patterns. Coupled with anticipated increases in lightning (Price 
and Rind, 1994) there is reason to expect future fire regimes will differ significantly from past fire 
regimes (Parsons, 1991; Ryan, 1991; Torn and Fried, 1992). 

Since 1986, longer warmer summers have resulted in a fourfold increase of major wildfires and 
a six-fold increase in the area of forest burned, compared to the period from 1970 to 1986 
(Running, 2006). Four critical factors – earlier snowmelt, higher summer temperatures, longer fire 
season, and expanded vulnerable area of high-elevation forests are combining to produce the 
observed increase in wildfire activity (Westerling et al., 2006). 

4.2.6 Assets at Risk 
Wildfire 

Since 1970, California has experienced a doubling in acreage burned by wildfires, while the 
overall number of fires has increased only slightly (Martin and Sapsis, 1992). Wildfires can damage 
or destroy a wide-variety of assets. Several are described below. 

Timber 
Fire can pose significant risk to timber assets by direct loss from combustion, mortality of 

growing stock, and fire-induced susceptibility to insect, pathogen, and decay mechanisms. Roughly 
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three quarters of California’s timberlands and two-thirds of its woodlands are in conditions that 
support High to Extreme Fire Threat.  

Acres of timber burned vary greatly by year. Historic highs have reached over 125,000 acres on 
CAL FIRE jurisdiction with the highest burned acreage statewide in the last decade at just over 
167,000 in 2008. Values lost also differ greatly. Losses can include mature and immature timber and 
related forest products. 

Range  
Range forage is an important economic resource to the ranchers of California. Within California, 

rangeland crosses a wide spectrum of vegetation cover types, from desert, to annual grasslands, to 
chaparral, to oak woodlands, to conifer forest. Of this area, an estimated 30,000,000 acres are 
actually grazed.  

Fire can impose significant, short-term losses of forage when standing crops or fences are 
consumed by fire. Of the $138 million dollars of value ascribed to rangeland forage annually, a total 
of $2.5 million is estimated to be lost due to wildfire (CAL FIRE, 2003). The magnitude of the 
economic impact to the landowner depends upon the land’s carrying capacity, whether the land is 
being grazed, the time of year at which the fire occurs, the amount of the year’s forage already 
grazed, and the intensity of the fire. 

Soil 
With the increased intensity of fire, comes the risk of hydrophobicity and soil erosion. Fires that 

burn very hot leave a desolate landscape void of organic matter, vulnerable to erosion and land 
sliding. Hydrophobicity inhibits water infiltration into the soil, so it washes away, lowering the 
amount of water available to seeds that germinate on the site. This can result in loss of site 
productivity, increased surface runoff and peak flows, degradation of stream habitats, and damage 
to social infrastructure. Large quantities of eroded material works its way into streams and 
reservoirs, reducing water storage capacity and changing fish and macro-invertebrate habitat. 

Roughly 29 million acres (~29%) of California is estimated to support High or Very High levels of 
surface erosion following wildfire. An additional 35 million acres are estimated to support Moderate 
levels of surface erosion. 

Houses and People 
A significant and increasing risk from fire is posed to the people and houses in California, as 

more structures are built in areas with a significant wildland fire threat. A total of 7.5 million acres 
of California have housing unit densities considered to meet the WUI criteria. WUI is a general term 
applied to the various configurations of development interspersed or adjacent to landscapes that 
support wildland fire. Of this total, 960,000 acres (13 percent) are exposed to an Extreme Fire 
Threat; 3.4 million acres (43 percent) to a Very High Threat; and an additional 960,000 acres (14 
percent) to a High Threat. If we consider all WUI lands with threat levels greater than Moderate to 
be at significant risk to damage from fire, the total area is 5.4 million acres, or 72 percent of the 
total WUI area. These lands represent many of the areas requiring mitigation treatments to reduce 
risks to people and property (Table 4.2.6). 
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Table 4.2.6   
Area of Wildland Urban Interface by Density Class and Percent Area by Fire Threat, 2010 
Rural = 1 house/5 acres -1 house/20 acres  Interface = 1 house/acre – 1 house/5 acres  Urban = > 1 house/acre 
Bioregion Density class Acres Extreme 

(%) Very High (%) High 
(%) 

Moderate 
(%) 

None 
(%) 

Bay Area / Delta interface 302,483 4 70 16 10 0 
 rural 459,262 4 63 17 15 1 
 urban 575,925 1 36 20 43 0 
 Total 1,337,670 3 53 18 26 0 
Central Coast interface 101,983 7 78 13 2 0 
 rural 174,302 10 77 10 2 1 
 urban 85,512 1 52 23 23 0 
 Total 361,796 7 71 14 7 1 
Colorado Desert interface 53,890 1 34 5 19 41 
 rural 92,518 5 36 5 20 34 
 urban 74,977 0 23 4 8 65 
 Total 221,385 3 31 5 15 46 
Klamath/ North Coast interface 119,417 0 94 5 1 0 
 rural 267,680 1 92 5 2 1 
 urban 40,786 0 78 17 5 0 
 Total 427,883 0 91 6 2 0 
Modoc interface 20,923 39 41 20 0 0 
 rural 67,539 36 48 11 1 4 
 urban 8,312 32 41 25 0 2 
 Total 96,774 36 46 14 1 3 
Mojave interface 140,918 2 17 30 50 0 
 rural 207,729 4 18 29 47 2 
 urban 88,571 0 9 17 74 0 
 Total 437,218 3 16 27 53 1 
Sacramento Valley interface 120,209 0 47 38 15 0 
 rural 305,337 0 52 28 19 1 
 urban 179,034 0 27 32 41 0 
 Total 604,580 0 44 31 25 0 
San Joaquin Valley interface 127,680 1 16 34 48 1 
 rural 408,471 0 13 28 53 5 
 urban 225,901 0 4 20 76 1 
 Total 762,052 0 11 27 59 3 
Sierra interface 266,376 0 97 1 1 0 
 rural 737,031 0 99 0 0 0 
 urban 83,413 1 91 3 5 0 
 Total 1,086,820 0 98 1 1 0 
South Coast interface 492,920 58 26 7 10 0 
 rural 454,250 82 11 2 5 0 
 urban 1,277,791 14 21 13 52 0 
 Total 2,224,961 38 20 10 33 0 

A total of 13.5 million homes are located in the WUI. Of this, nearly 5 million housing units (37 
percent) are exposed to High or greater Fire Threat. Furthermore, of these, 4.9 million homes (92 
percent) are from urban areas, where density of housing units exceeds one unit per acre. Thus while 
the land area considered WUI is dominated by areas of relatively low development density, the 
majority of the houses at risk come from the urbanized areas of the WUI. 

Within the Modoc Bioregion 84 percent of rural, 76 percent of interface and 72 percent of 
urban homes exist within Very High or Extreme Fire Threat areas. The other highlighted area is the 
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South Coast, with 93 percent of rural homes and 81 percent of interface homes falling under 
Extreme or Very High Fire Threat (Table 4.2.7). 

Table 4.2.7   
Number of Housing Units in the Wildland Urban Interface by Density Class and Percent of Housing Units by 
Fire Threat, 2010 
Rural = 1 house/5 acres -1 house/20 acres  Interface = 1 house/acre – 1 house/5 acres  Urban = > 1 house/acre 
Bioregion 

Density class Total houses Houses by 
Density class 

Extreme 
(%) 

Very 
High 
(%) 

High (%) Moderate 
(%) None (%) 

Bay Area / Delta interface 145,545 5 4 70 15 11 0 
 rural 46,819 1 4 65 17 13 1 
 urban 3,011,924 94 0 28 18 53 0 
 Total 3,204,289 100 1 31 18 51 0 
Central Coast interface 45,925 11 6 77 13 3 0 
 rural 18,129 4 9 78 10 2 1 
 urban 351,489 85 1 46 23 31 0 
 Total 415,543 100 2 51 21 26 0 
Colorado Desert interface 25,133 9 1 31 5 18 45 
 rural 9,187 3 5 35 5 20 36 
 urban 252,694 88 0 22 4 8 67 
 Total 287,014 100 0 23 4 9 64 
Klamath/ North Coast interface 49,450 26 0 0 93 6 1 
 rural 25,838 14 0 92 5 2 0 
 urban 115,012 60 0 72 20 8 0 
 Total 190,300 100 0 80 15 5 0 
Modoc interface 8,706 26 34 42 22 0 1 
 rural 6,097 18 36 48 12 1 3 
 urban 18,407 55 28 44 24 1 3 
 Total 33,210 100 31 45 21 1 2 
Mojave interface 63,908 19 2 15 27 56 0 
 rural 22,154 7 4 18 30 46 1 
 urban 244,048 74 0 8 14 78 0 
 Total 330,111 100 1 10 18 71 0 
Sacramento Valley interface 52,478 7 0 47 38 15 0 
 rural 28,975 4 0 52 29 18 0 
 urban 722,323 90 0 20 33 47 0 
 Total 803,776 100 0 23 33 44 0 
San Joaquin Valley interface 58,615 6 1 14 33 51 1 
 rural 36,955 4 1 14 29 52 4 
 urban 840,766 90 0 3 19 77 1 
 Total 936,335 100 0 4 20 75 1 
Sierra interface 108,113 28 1 97 1 1 0 
 rural 73,383 19 0 99 1 0 0 
 urban 204,070 53 1 86 6 7 0 
 Total 385,565 100 1 92 4 4 0 
South Coast interface 251,921 4 52 29 8 11 0 
 rural 47,340 1 80 13 2 5 0 
 urban 6,570,686 96 8 15 12 65 0 
 Total 6,869,947 100 10 15 12 63 0 
         

As populations within the WUI areas increase, property losses due to wildfires have 
correspondingly increased, highlighting the need to address high-fire hazards in these areas. 
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Annually, 1,446 homes were destroyed by wildfires within CAL FIRE jurisdiction between 2001 and 
2005, with a record high of 5,394 structures destroyed in 2003.  

4.2.7 Regulatory Environment 
Federal 

After the massive fire season of 2000, the National Fire Plan was established allocating major 
new levels of funding to deal with fire preparedness and program needs. The Western Governor’s 
Association then issued the guidance document “A Collaborative Approach for Reducing Wildland 
Fire risks to Communities and the Environment – 10 Year Comprehensive Strategy Implementation 
Plan” to complement the implementation of both federal fire policy and the National Fire Plan. 

Today, the regulatory environment for fire management on federal lands (suppression, 
prescribed, and fuels management) is complex. Nine principles (NIFC, 2003) and seventeen policy 
statements broadly guide federal wildland fire management operations.  

A comprehensive Fire Management Plan (FMP) exists for each federal agency which formally 
documents the fire program based on the Resource Management Plan (L/RMO). The FMP expands 
strategic direction into specific fire management direction for each fire management unit delineated 
in the FMP. The FMP provides specific details of the fire program that most efficiently meets fire 
management direction for the planning period, including:  organization, facilities, equipment, 
activities, timing, locations, and related costs. These documents need to be reviewed and updated 
annually.  

Managing wildland fires for natural resource benefit (formerly known as Wildland Fire Use 
(WFU)) is an option available to Federal agencies that have an approved land use plan and fire 
management plan. These plans include predefined areas in which naturally ignited wildland fires 
accomplish specific pre-stated resource management objectives. These fires are managed in the 
same manner as wildfires; receiving management attention and policies and with the exception of 
specific differences related to ignition sources and management action success.  

Prescribed fires contain measurable objectives, a predetermined prescription, and an escape 
fire plan. Land managers must obtain approval of prescribed fire plans from applicable federal or 
state agencies before conducting planned burns. In addition, all applicable requirements under the 
National Environmental Policy Act (NEPA) must be met on federal lands. Before federal land 
management activities (i.e., trail building, timber harvesting, use of fire, etc.) are conducted, NEPA 
requires that the environmental impacts of these activities be analyzed to assess their impacts on 
cultural resources, wetlands, soil, water quality, air quality, visibility, and other resources.  

Healthy Forests Restoration Act 

The Healthy Forests Restoration Act (HFRA) of 2003 (P.L. 108-148) contains a variety of 
provisions to expedite hazardous-fuel reduction and forest-restoration projects on specific types of 
Federal land that are at risk of wildland fire or insect and disease epidemics. The act helps rural 
communities, States, Tribes, and landowners restore healthy forest and rangeland conditions on 
State, Tribal, and private lands.  



Wildfire Trends 

 

California Department of Forestry and Fire Protection 4.2-20 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Title I provides authorities for expedited vegetation treatments on certain types of NFS and 
BLM lands that are at risk of wildland fire; have experienced wind throw, blowdown, or ice-storm 
damage; are currently experiencing disease or insect epidemics; or are at imminent risk of such 
epidemics because of conditions on adjacent land.  

If land falls within the WUI or Condition Class 2 or 3, the HFRA allows hazardous fuel reduction 
activities involving prescribed fire to be excluded from Environmental Analysis (EA) or 
Environmental Impact Statement (EIS) documentation as long as they do not involve more than 
4,500 acres. Activities using mechanical methods for crushing, piling, thinning, pruning, cutting, 
chipping, mulching and mowing can be excluded if they do not include more than 1,000 acres. 

Federal-State Contracts 

Cooperative efforts via contracts and agreements between state, federal and local agencies are 
essential in response to emergencies like wildland and structure fires, floods, earthquakes, 
hazardous material spills, and medical aids and are known as the mutual aid system. This system 
provides economical fire protection to scattered and intermingled parcels of SRA land found within 
and adjacent to National Forest or other federal ownership boundaries, PRC 4141 allows the 
Department to contract with the U.S. Forest Service, Bureau of Land Management, Bureau of Indian 
Affairs, National Park Service and the Bureau of Reclamation to protect these lands. CAL FIRE is a 
partner in the statewide system and responds to requests for assistance from other fire agencies if 
personnel and equipment are available. The plan for protection of these lands is included in the 
California Fire Plan.  

State 

Fire Planning  

Sections 4114 and 4130 of the Public Resources Code require that the Director prepare a plan 
for a fire protection system for SRA for approval by the Board of Forestry. The Board has adopted 
policy that balances integration of prevention, detection, ground and air attack forces, and fire 
modification efforts to provide guidance in the preparation, maintenance, and modification of the 
fire protection plan. 

Consistent with PRC 4131, the Board has adopted the finding that the most effective long-term 
method of reducing conflagration threat, damage to natural resources, and life and property is a 
program of fire environment modification. Fire environment modification includes programs of fuel 
reduction, installation of fire defense improvements, and fire safety control of life and property 
exposures. The intent is to provide built-in fire protection to minimize conflagration potentials, to 
enable the initial attack forces to control a greater number of fire starts at a smaller size class, and 
to reduce the fire threat and damage potential to intermingled life and property exposures. 

The two most prominent enforcement codes for fuel reduction and prevention are PRC 4291 
and 4293. PRC 4291 mandates removal of all brush, flammable vegetation, or combustible growth 
that is located within 100 feet from the building or structure or to the property line. PRC 4293 
requires clearance of 4 feet around any transmission line operating at 2,400 or more volts, 6 feet 
around any line operating at 72,000 or more volts, and 10 feet clearance around any line operating 
at 110,000 or more volts. 
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2010 Strategic California Fire Plan  

The State Board of Forestry (Board) and the CAL FIRE have drafted a comprehensive update of 
the fire plan for wildland fire protection in California. As the first statewide fire plan developed in 
concert between the Board and CAL FIRE, the 2010 Strategic Fire Plan (Plan) is a strikingly different 
fire plan than those developed in the past. The Board consulted a group of outside experts to 
complete a needs assessment and subsequently formed the Fire Plan Steering Committee. The 
Committee worked for over a year preparing a document (http://cdfdata.fire.ca.gov/fire_er/ 
fpp_planning_cafireplan) and it is believed that these efforts will lead to communities doing the 
best work for fuels reduction and fire safety. This Plan recognizes that fire will occur in California 
and works to answer the question of “How do we utilize and live with that inevitability of wildfire?” 

The vision of the Plan is, “a natural environment that is more resilient and man-made assets 
which are more resistant to the occurrence and effects of wildland fire through local, state, federal 
and private partnerships." 

Within the Plan, a great deal of planning and collaboration can be found in the goals and 
objectives. It is written so that each goal builds upon the previous one. Over time, each supporting 
objective will have measurement criteria to evaluate accomplishments and related effectiveness. 

Goals as Summarized 

The central goals critical to reducing and preventing the impacts of fire revolve around 
both suppression efforts and fire prevention efforts. Major components are: 

• Improved availability and use of information on hazard and risk assessment 
• Land use planning: including general plans, new development, and existing 

developments 
• Shared vision among communities and the multiple fire protection jurisdictions, including 

county-based plans and community-based plans such as Community 
Wildfire Protection Plans (CWPP) 

• Establishing fire resistance in assets at risk, such as homes and neighborhoods 
• Shared vision among multiple fire protection jurisdictions and agencies 
• Levels of fire suppression and related services 
• Post fire recovery 

Unit Fire Plans 

Individual CAL FIRE Unit Fire Management Plans document assessments of the fire situation 
within each of CAL FIRE's 21 Units and six contract counties. The plans include stakeholder 
contributions and priorities, and identify strategic areas for pre-fire planning and fuel treatment as 
defined by the people who live and work with the local fire problem. Each Unit plan is available at 
(http://cdfdata.fire.ca.gov/ fire_er/fpp_planning_plans). 

Each Operational Unit varies greatly in size, terrain, and fire environment characteristics, and to 
some degree fire suppression operations. For this reason, individual Unit Fire Plans are completed 
annually to address how each Unit is achieving the goals and objectives of the Plan for California. To 
simplify the process for annual updates, a Unit Fire Plan Template has been created. This template 
will allow for the inclusion of minor updates in addendums to the existing plan. Major changes in 

http://cdfdata.fire.ca.gov/fire_er/%20fpp_planning_cafireplan
http://cdfdata.fire.ca.gov/fire_er/%20fpp_planning_cafireplan
http://cdfdata.fire.ca.gov/%20fire_er/fpp_planning_plans
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Unit priorities, partnerships, projects, or plan components may require a new Unit Fire Plan to be 
submitted. 

Each Unit Fire Plan is comprised of five sections and three required appendices. Vegetation 
treatment is specifically addressed in sections IV: Pre-Fire Management Strategies and Appendix A: 
High Priority Pre-Fire Projects. 

Appendix A: High Priority Pre-Fire Projects. This section is where the Units list the high priority 
pre-fire projects which include but are not limited to:  

• Reduction of available wildland fuels, particularly adjacent to identified Assets and Risk and 
primary access/egress routes 

• Increased public awareness and education relative to wildland fire threat and defensible 
space 

• Intensified property inspections (PRC 4291) and development of target areas  
• Community chipping and disposal programs 
• Cooperative federal and state defensible fuel zones / shaded fuel break projects to protect 

at risk communities 
• Removal of ladder fuels to reduce crowning potential and improve forest health 
• Removal of dead or dying trees from insect or disease emergencies 
• Maintenance of ecological communities through prescribed fire 
• Prescribed fire for grazing land improvement, prairie retention and Native American cultural 

tradition  
• Prescribed fire for wildlife habitat improvement 

Vegetation Management Program 

The Vegetation Management Program (VMP) provides CAL FIRE the authority to cooperatively 
treat vegetation and fuels on private lands. A variety of methods, including both prescribed fire and 
mechanical means are allowed. The current Vegetation Management Program (VMP) is the 
continuation of the Range Improvement Program that existed in California from the 1950’s to the 
1970’s. The Range Improvement Program was carried out by cooperative groups of ranchers who 
would band together to conduct prescribed burns primarily for range improvement objectives. 
These cooperatives had the equipment and expertise to conduct burn projects with limited to no 
assistance from fire agencies. These groups continued until the mid-to late-1970’s. At this time, 
liability issues, available cooperators and air quality restrictions all came together to essentially stop 
all non-governmental range improvement burning. This led to the passage of Senate Bill 1704. This 
bill authorized CAL FIRE to assume the liability and project implementation for prescribed burns on 
private property and thus created the Vegetation Management Program that is utilized by CAL FIRE 
today. The program became operational with the adoption of the Final Environmental Impact 
Report for the Chaparral Management Program on May 18, 1981 (CAL FIRE, FKU Fireplan, 2005). 

Implementation of VMP projects is by CAL FIRE Units. The projects which fit within a Unit's 
priority areas (e.g., those identified through the Fire Plan) and are considered to be of most value to 
the Unit, are those that will be completed. The VMP has been in existence since 1982 and has 
averaged approximately 28,000 acres per year since its inception.  
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Proposition 40 

CAL FIRE is implementing of a fuels reduction program funded by Proposition 40, the California 
Clean Water, Clean Air, Safe Neighborhood Parks, and Coastal Protection Act of 2002. The goal of 
the CAL FIRE Prop 40 Fuels Reduction Program is to reduce wildland fuel loadings that pose a threat 
to watershed resources and water quality on non-federal lands in 15 Sierra Nevada counties (Butte, 
Plumas, Sierra, Yuba, Nevada, Placer, El Dorado, Amador, Alpine, Calaveras, Tuolumne, Madera, 
Mariposa, Fresno, and Tulare). CAL FIRE is currently implementing the Prop 40 Program through 
four programs: Watershed and Fuels Community Assistance Grants Program Guidance, Vegetation 
Management Program (VMP), and California Forest Improvement Program (CFIP), and the Fuels 
Management Program. 

The goal of the CAL FIRE Prop-40 Fuels Reduction Program is to reduce wildland fuel loadings 
that pose a threat to watershed resources and water quality. Funds are allocated for planning, 
administrative costs, and implementation of forest land and fuels management projects that protect 
watersheds from catastrophic wildfire, thereby improving water quality, protecting habitat and 
fisheries, and controlling erosion and sedimentation in the Sierra Nevada region. 

State-Local 

PRC 4129-4135 provides that a county may assume the responsibility for protection of SRA 
within the county. Counties assuming this responsibility pursuant to The Board policy found in Title 
14, California Code of Regulations (14CCR), are known as “Contract Counties”. 

Section 4142 of the PRC provides the authority for the State to enter into cooperative 
agreements “for the purpose of preventing and suppressing forest fires or other fires in any lands 
within any county, city or district which makes an appropriation for such purpose”. Section 55640 of 
the Government Code states that Local government has the authority to provide fire protection in 
Local Responsibility Areas (LRA) and may provide protection to structure and improvements in SRA. 

County and Local Government 

Numerous counties have fuel reduction ordinances. After the 2003 fire season, San Diego 
County strengthened its brush management program to reduce fire risk. The City’s Municipal Code 
regulates brush management and creates two Brush Management Zones with different 
requirements. Zone 1(65 feet from structure) must be irrigated regularly, must consist of mostly 
ornamental fire-resistant vegetation, trees and shrubs must be pruned away from structures and 
roofs, all wooden structures in zones 1 and 2 must have 1-hour fire resistance rating. Zone 2 (65 feet 
from structure) can have no permanent irrigation, and must be thinned and pruned vegetation. 
Enforcement is accomplished by declaring the presence of combustible vegetation, dead, dying or 
diseased trees, green waste, rubbish, and other materials as a public nuisance and proceeds to 
abatement. 

Orange County uses their weed abatement program to educate and enforce the law as stated in 
Sections 14875-14922 of the California Health & Safety Code. The vegetation abatement programs 
focused on the removal of hazardous vegetation, as well as the consistent use and maintenance of 
fuel and fire breaks to create a more resistant community against wildfire.  
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Weed Abatement 

Weed abatement is used in many city codes as an implementation mechanism for fuel 
clearance. For example, the Roseville Fire Department manages a proactive program. Each spring 
the Fire Department notifies the owners of vacant parcels requiring proper fuelbreaks. If property 
owners do not comply, the fire department contracts out the weed abatement requirements and 
bills the property owner. 

Fire-level benefits 

A sampling of documents posted on the CALFIRE Fire Plan web site (http://cdfdata.fire. 
ca.gov/fire_er/fpp_planning_success), shows that vegetation treatments reduced damage losses. 
Moreover, in all cases, the treatment area gained substantial tactical benefits and greater firefighter 
safety. More often than not, the fire ended up smaller than it would have been if the treatments 
had not been in place. Less often, the fire required fewer fire suppression resources because of the 
treatments. Overall, the treatments appear to have a direct impact on damage amounts. 
Suppression cost savings are gained primarily from limiting fire size and complexity (Table 4.2.8). 

Table 4.2.8   
Fire Benefits from Vegetation Treatment 
Fire  
Name 

Tactical 
benefit 

Fewer 
resources  

Smaller  
fire size 

Fewer 
 losses 

The Geysers (2004) X   X 
Peterson  X X  X 
Caylor (1999) X  X X 
Goat (2000)  X  X X 
Winton (1999) X  X X 
Guntley (1995) X X X X 
Widow (1994) X  X X 

There are many success stories documenting wildfires that were slowed or stopped when they 
reached completed fuels reduction projects. Two examples are: 

In Yuba County (September, 2006) at the Marysville Road Fire1: 

“The Yuba Watershed Protection and Fire Safe Council formed in 1997 through the efforts of Yuba 
County Supervisor, Hal Stocker. This Council developed fuel reduction plans and secured 1.7 
million dollars in grant funding during the past 10 years for fire prevention work in Yuba County. 
One of the projects was funded by State Water Resources Board Proposition 204 to construct the 
Oregon Ridge fuelbreak that featured cooperative work with private timber landowners CHY, 
Soper/Wheeler, and Siller Brothers. The Marysville fire burned to that fuel break and was stopped 
there. Many trees in the fuel break appear to have survived, and the fuel break itself provided a 
safer place for the firefighters to work”. 

And from the California Fire Alliance website (http://www.cafirealliance.org/success/): 
                                                 
1 Email from Glenn Nader, Livestock and Natural Resources Advisor, University of California Cooperative 
Extension Butte, Sutter, & Yuba Counties ganader@ucdavis.edu 
 

http://www.cafirealliance.org/success/
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“The community of Gasquet, nestled in the heart of the Smith River National Recreation 
Area, Six Rivers National Forest, has been identified as a community at risk. Fuels reduction 
activities have been implemented to protect this community, beginning in the spring of 1996 
[after] the Gasquet Shaded Fuelbreak was burned. This prescribed fire targeted smaller branches, 
twigs and needles that contribute to fire spread. The reduction in fuels proved to be critical when, 
in September 1996, the Panther Fire threatened Gasquet. The Panther Fire, pushed by a strong 
east wind, almost forced evacuations of the community. When the fire burned into an area that 
had received prescribed fire treatment the year before, fire behavior moderated, allowing fire 
crews to contain the advancing fire front. No structures were lost or damaged”. 

4.2.8 Highly Sensitive Ecological and Urban Interface Area 
Drought related stresses in the 1980's and early 1990's led to the death of large numbers of 

forest trees in the Lake Tahoe Basin. This raised concerns over wildfire threats to people, structures, 
habitat, water quality and forest resources. Fuels reduction work commenced in 1987, but grew 
substantially under the 1997 Presidential Commitments, and the 2000 Tahoe Restoration Act. In 
2005, funding transferred to the Tahoe Amendment of the Southern Nevada Public Lands 
Management Act. There are about 165,000 acres in the Management Unit. Since 2000, 4,786 acres 
have been partially treated, 16,634 acres have been completely treated and there are plans for the 
treatment of 26,875 more acres (personal communication Kurt Tuber 6-28-2011). Depending on site 
conditions, treatments usually use hand and mechanical treatments, often followed by prescribed 
fire or chipping and mastication. Of this, direct project costs averaged $1,500/acre.  

In addition, under the Santini-Burton Act of 1980 (Public Law 96-586), the federal government 
has obtained over 3,500 parcels, differing in size from a fraction of an acre to several hundred acres. 
These lands are managed by the Forest Service for their watershed and other environmental values. 
Of these acquired parcels, approximately 930 parcels (1,800 acres) remain that require some level 
of fuels reduction treatment. 
(http://www.fs.fed.us/r5/ltbmu/about/urban-lots/ULM_Fuels_Reduction_Brief_0306.pdf) 

Conducting a fuel reduction program is exceedingly complex. Lake Tahoe is a very sensitive 
environmental resource and there are multiple agencies with many regulations. In 2007, a 
catastrophic fire tested the effectiveness of the treatments. The Angora fire burned 3071 acres of 
forest and urban interface, destroying 254 homes and costing $160 million dollars. The fuel 
treatments generally worked as designed, significantly changing the fire behavior and subsequent 
fire effects to the vegetation (Safford, et. al., 2009). Crown fire became surface fire within 50m of 
entering a treatment and trees had higher survival rates in those areas (Safford, et. al., 2009). The 
disastrous fire led to the Emergency California-Nevada Tahoe Basin Fire Commission and its report 
in May of 2008. After a complete review of laws, policies, practices and the many natural and 
human factors that make the basin susceptible to wildfire and its negative impacts, 48 findings were 
generated. The findings serve as a plan to reduce said wildfires and negative impacts in the future.  

Project-level costs 

Project level costs are highly variable and depend greatly on the site conditions and practices. 
In general, the cost per acre decreases as the number of acres treated increases. WUI projects are 

http://www.fs.fed.us/r5/ltbmu/about/urban-lots/ULM_Fuels_Reduction_Brief_0306.pdf
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generally more expensive due to the precautions required to reduce wildland fire behavior in the 
proximity of homes and other landowners (Table 4.2.9). 

Table 4.2.9  
WUI Treatments and Estimated Cost 
Treatment Estimate Source Cost / Acre 

(Est) 
Average 

Site Preparation  CFIP $220-$440 N/A 
Commercial Thinning  CFIP $200-$400 N/A 
Slash Disposal  CFIP $150 N/A 
Prescribed Fire –Range Improvement VMP $4-$515 $83.23 
Prescribed Fire – Habitat VMP $21-$2500 $384.37 
Prescribed Fire – WUI VMP $50-$2400 $727.18 

CFIP project costs (California Improvement Program User’s Guide 2005 Edition, Vol 1). Prescribed fire cost estimates 
taken from actual project costs, VMP program 2003-2005. 

4.2.9 California Fire Plan and possible VTP emphasis 
The California Fire Plan recognizes that human safety and high value resources at risk of 

damage from fire should be considered along with fire hazard in reducing wildfire losses. In 
undeveloped areas with low resource values, the fire hazard may be high but potential fire damages 
may be low compared to the costs of vegetation management and the ecological benefits of 
burning. Conversely, in areas with high structural densities or highly sensitive resources, the value of 
assets at risk may be high enough to warrant fuel modification even if the fire hazard is not 
extreme.  

Within this framework, the California Fire Plan emphasizes fuel modification projects in areas 
where human life and assets at risk of burning in wildfires are concentrated. Such areas include 
locations where wildlands with flammable vegetation are intermixed with residential development 
(i.e., the urban–wildland intermix). The urban–wildland intermix consists of lands in flammable 
vegetation types with relatively high housing densities (e.g., at least 1 home per acre). Within the 
targeted VTP area, the urban–wildland intermix is scattered throughout the North and Central Coast 
geographic regions, along the foothills of the Transverse and Peninsula Ranges in Southern 
California, along the foothills of the Sierra Nevada in the Shasta-Sierra geographic region, and in the 
Cascade Range in the Modoc geographic region. Conversely, high-value natural resources (e.g., 
valuable forests and sensitive wildlife habitat) are often located in areas with relatively low housing 
densities. 
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4.4 Climate Change in California  

4.4.1 Introduction 
This section briefly describes the environmental setting for climate change across California. It 

provides a short summary of the sources of greenhouse gas emissions, reviews potential 
environmental impacts that are predicted from climate change models, and discusses the regulatory 
framework in California to address potential impacts from climate change. 

Climate change is affecting California and the globe. The National Research Council (2001) 
states there is broad scientific agreement that: 1) significant global climate change is occurring, 
largely leading to warmer overall temperatures and more frequent extreme weather events; and 2) 
the observed and projected changes are likely being induced by human activities such as air 
pollution, in particular CO2 from the burning of fossil fuels, and other greenhouse gases.  

Given current social and economic patterns, the concentration of CO2 in the atmosphere will 
continue to increase at an exponential rate for several decades. While programs for mitigating CO2, 
including carbon sequestration, are important and moving forward in California (see below), such 
efforts are unlikely to significantly curb the upward trend for the foreseeable future. In addition, the 
mean residence time of CO2 emitted into the atmosphere is estimated to be on order of a hundred 
years. Thus it will likely take several decades before any improvements in mitigating CO2 pollution 
will result in benefits through reducing atmospheric greenhouse gases and lowering temperatures. 
This underscores the need to develop adaptation strategies and to conduct risk assessments to 
determine areas of vulnerability. 

For a clearer understanding of the impending effects of increasing CO2, several scientific 
establishments have created general circulation computer models (GCMs) that project future 
climatic conditions. Three of the most advanced models were compared in a recent review of 
climate change in California.  

Near future climatic trends projected for the California region by these models showed: 1) 
warmer overall temperatures, due primarily to increased concentrations of CO2 and other 
“greenhouse” gases, with the magnitude of the warming dependent on the amount of CO2 emitted 
in future years; 2) uncertain but slight changes likely in precipitation amount and seasonal 
distribution; 3) increased frequency of extreme weather and climatic events, including more storms, 
higher winds, and more severe droughts. 

4.4.2 Sources of CO2 Emissions in California 
Recent reports on the causes and effects of climatic change in California examine the state’s 

role in increasing overall atmospheric CO2 levels (CAT, 2006; CEC, 2005). The state is the tenth 
largest greenhouse gas emitter in the world (Figure 4.4.1). Figure 4.4.2 shows the relative 
contribution of each economic sector in the state to its total greenhouse emissions (units are CO2 
equivalence). As shown in Figure 4.4.3, only about 2.3 percent of pollutant greenhouse gases in the 
state are contributed from non-fossil fuels, including the burning of wildland vegetation. 

Currently, forests in California are thought to operate as a net sink for CO2. However, estimates 
of carbon sequestration rates have varied substantially. As part of the Global Warming Solutions Act 
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(AB32) the Air Resources Board has reported forests to operate as -5 MMT CO2 equivalent. More 
recent reports by CAL FIRE and USFS estimate carbon sequestration on forest lands to be on the 
order of -25 to -30 MMT CO2 equivalent. There is limited information on grass and range land 
ecosystems, but similar to forests these ecosystems can operate as both a sink and source for 
carbon (Contant, 2010). The size of the carbon sink in grassland is influenced by the soil organic 
content as well as land management practices (Frank and Karn, 2005; Contant, 2010). Ma et al., 
(2007) found substantial inter-annual variability in oak/grass savanna and open grassland. Over the 
study period (2001 – 2006) oak/grass savanna operated as a slight carbon sink in all years; while 
open grassland was a source for all but one year. The amount of seasonal precipitation was noted to 
have a strong influence on whether open grassland was a sink or source. 

Greenhouse Gas Emissions 2002*
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Figure 4.4.1 Greenhouse Gas Emissions (source: Sacramento Bee, December 2006) 
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Figure 4.4.2 Economic sector contributions to greenhouse gases in California (CO2 equivalents) 

 
 

 
Figure 4.4.3 Composition of climate change pollutants in California (CO2 equivalents) 

4.4.3 Environmental Effects from Climate Change 
Climate can greatly influence the dynamics of forest and rangeland ecosystems. Climate 

influences the type, mix and productivity of species. Future climate change scenarios predict 
increases in temperature, increases in atmospheric CO2 concentrations and changes in the amount 
and distribution of precipitation (Cayan et al., 2006). Altering these fundamental drivers of climate 
can result in changes in tree growth, changes in the range and distribution of species, and alteration 
to disturbance regimes (e.g., wildfires, outbreaks of pests, invasive species). 

While disturbances occur regularly in nature, large or rapid changes in the patterns of 
disturbance could make forests less resilient. Vegetation types with restricted ranges may be more 
vulnerable than others, as well as areas that are already under stress from land use (e.g., expansion 
of wildland urban interface) and management (Foster, 2003). The following section summarizes 
some of the expected climate change impacts on forest ecosystems (Table 4.4.1).  
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Table 4.4.1  
Climate Change Impacts in the Forest Sector  

Factor Description 

Hydrologic 
Changes in temperature, precipitation, and hydrologic processes (e.g., decreased 
snowpack, earlier spring runoff, lower summer baseflow). 

Fire 
Changes in the extent and frequency of disturbances from wildfires, pests, and 
disease outbreaks. 

Biologic Conditions may favor the spread of invasive species. 

Biologic Tree species expected to move northward or to higher altitudes. 

Biologic  Changes in reforestation and regeneration success.  

Biologic 
Changes in forest productivity affecting growth and carbon storage. The effect of 
additional CO2 on forest productivity is uncertain. 

Economic 
Economic impacts from increased fire damage and suppression costs, increased 
cost from forest health, and loss in productivity.  

Data Source: modified from PEW Center on Global Climate Change, 2008 

 
Temperature 

All General Circulation Models (GCM) used for climate change research forecast significant 
increases in temperature for California. The range of temperature increase by the end of the 
century varies depending on the model from 1.7 0C to 5.8 0C (Figure 4.4.4). The range in predicted 
temperature increases is dependent upon low, medium, and high emission scenarios. Most of these 
models predict warmer summer months which could lead to more extreme drought conditions and 
have implications for ecosystem processes related to snowpack, water availability and governing 
fuel moisture conditions. 

 

 
Figure 4.4.4 Predicted change in California annual mean temperature (Cayan et al., 2005) 
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Precipitation 

GCM simulations for California are inconsistent in predicting long-term changes to precipitation 
patterns. Using more than 20 GCM simulations model estimates range from a 56 percent increase 
to a 10 percent decrease in winter precipitation, and no change in summer precipitation (Leniham, 
2006). With warmer temperatures, models predict less precipitation falling as snow, resulting in a 
decrease in the size of mountain snow packs and earlier spring snowmelt (Cayan et al., 2006a). This 
has implications for moisture content in vegetation. An earlier spring melt will likely result in a 
longer dry season with decreased moisture content in vegetation. The drying of vegetation and fuels 
could result in an earlier and longer fire season. 

Hydrology and Sea Level Rise 

Lund et al., (2003) used CALVIN, a water management model, to simulate the effects of climate 
change on water resources. Under the drier Parallel Climate Model PCM climate scenario runoff was 
reduced by up to 26 percent, while under wetter scenarios (HadCM2) runoff increased by 77 
percent. Predicted runoff from all other climate scenarios fell within this range. Even under wetter 
scenarios where runoff may increase substantially in winter months there are likely to be significant 
reductions in spring and summer months, due to diminished snowpacks (Roos, 2003). 

Most models predict a substantial rise in sea level that has already been detected in the San 
Francisco Bay. Historical trends established from tidal gages suggest that present sea level rise is 
approximately two mm/yr (Cayan et al., 2005). The data does not suggest that sea level is rising at 
an accelerated rate, but many climate change models expect sea level to rise more dramatically by 
the end of the century. Recent studies suggest that by 2050 sea level rise is expected to increase 
from 30cm to 45cm relative to sea level in 2000 (Cayan et al., 2009). This has implication for 
increased coastal flooding and may place additional stress on Delta levees. In addition, a rise in sea 
level might also reduce the amount of freshwater habitat available in the bay-delta ecosystem and 
coastal estuaries. 

Regional Climate Trends 

A climate threat index was developed by CAL FIRE to better understand regional variations in 
projections from Global Climate Models (GCMs) (CAL FIRE, 2010). The data was provided by the 
California Energy Commission and was originally collected as part of the Climate Scenario’s Project 
which was directed by the California Climate Change Center (Cayan et al., 2006; Cayan et al., 2008). 
This index was used to identify the deviation of future climate conditions from historic conditions 
for each climate variable for the following time periods: T1 (1970 – 1999), T2 (2010 – 2039), T3 
(2040 – 2069), T4 (2070 – 2099). The Climate Threat Index was calculated for a regularly spaced grid 
of points that were further stratified among the major ecological units for California (Figure 4.4.5). 
The results of the Climate Threat Index are provided by ecological unit in Table 4.4.2.  
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Figure 4.4.5 Ecological units for California (Source: CAL FIRE, 2010; Bailey et al., 1981) 

For all ecological units (Figure 4.4.5) average annual temperatures are expected to increase 
within the range of 0.8 degrees Celsius in 2039 to 2.41 degrees Celsius in 2099. Further, maximum 
daily temperatures during summer months showed the greatest increase in interior ecosections 
including: Northwestern Basin and Range, Modoc Plateau, Mojave/Sonora/Colorado deserts, Sierra 
and the Sierra foothill ecosections. Depending on moisture availability, temperature increases 
combined with decreases in precipitation could lead to dramatic shifts in forest composition and 
wildlife habitat in later decades. In addition, the expected increases in temperature alone are likely 
to result in declining snowpack over time, which will affect water resources and related 
environmental services. See Table 4.4.2 for a comprehensive listing of the predicted changes in 
climate variables by ecological units. 
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Table 4.4.2 
Climate Threat Index: Deviation of Climate Variables by Ecological Unit 

 

Ecosection 
Name 

Central 
California 

Coast 

Southern 
California 

Coast 
Great 
Valley 

Northern 
California 

Coast 

Mojave/ 
Sonoran/ 
Colorado 
Deserts 

Mono, 
Southeastern 
Great Basin 

North-
western 

Basin 
and 

Range 

Klamath Mtns., 
No. California 

Coast and 
Interior Coast 

Ranges 
Southern 
Cascades 

Sierra 
Nevada 

Sierra 
Nevada 
Foothills 

Modoc 
Plateau 

Central 
California 

Coast 
Ranges 

So. 
California 

Valleys 

Zone 261A 261B 262A 263A 322ABC 341DF 342B M261ABC M261D M261E M261F M261G M262A M262B 
TEMP 

DEG2039 0.55 0.59 0.67 0.53 0.83 0.83 0.87 0.62 0.75 0.71 0.67 0.84 0.67 0.79 
TEMP 

DEG2069 1.20 1.34 1.44 1.11 1.94 1.88 1.91 1.31 1.62 1.64 1.50 1.82 1.46 1.81 
TEMP 

DEG2099 2.88 3.11 3.21 2.60 3.85 3.75 3.80 2.84 3.34 3.40 3.22 3.65 3.27 3.70 
SUM TEMP 
DEG2039 0.74 0.83 0.89 0.72 1.05 1.03 1.26 0.89 1.12 1.02 0.98 1.26 0.93 1.15 

SUM TEMP 
DEG2069 1.71 2.02 1.93 1.67 2.41 2.28 2.90 1.92 2.47 2.23 2.09 2.84 2.07 2.56 

SUM TEMP 
DEG2099 3.80 4.19 3.98 3.61 4.28 4.12 5.31 3.86 4.66 4.26 4.13 5.19 4.20 4.70 

WIN TEMP 
DEG2039 0.47 0.48 0.53 0.38 0.68 0.72 0.71 0.47 0.57 0.53 0.50 0.69 0.56 0.58 

WIN TEMP 
DEG2069 0.65 0.74 0.80 0.43 1.26 1.22 0.85 0.62 0.70 0.91 0.81 0.78 0.87 1.10 

WIN TEMP 
DEG2099 2.07 2.22 2.35 1.57 3.06 3.02 2.61 1.87 2.14 2.48 2.27 2.46 2.46 2.82 
PRECIP 

MM2039 101.79 63.16 51.11 157.05 14.05 32.91 59.34 147.50 114.66 146.57 115.39 96.82 70.74 52.36 
PRECIP 

MM2069 -105.25 -76.25 -53.86 -78.26 -26.58 -50.22 -16.74 -62.88 -60.44 -131.11 -102.79 -11.27 -80.33 -78.10 
PRECIP 

MM2099 -42.08 -30.95 -20.66 41.10 8.87 7.42 33.63 33.62 50.00 -5.18 -21.04 56.99 -47.68 -26.14 
SWE 

MM2039 0.00 0.00 0.00 -0.51 -0.03 6.86 -2.23 -1.66 -7.27 33.77 -0.07 3.49 0.00 -0.60 
SWE 

MM2069 0.03 0.00 0.00 -0.84 -0.04 -15.67 -17.65 -23.60 -44.89 -52.76 -0.10 -26.81 0.00 -1.72 
SWE 

MM2099 0.00 0.00 0.00 -1.69 -0.04 -25.27 -34.54 -46.84 -81.38 -69.29 -0.13 -55.41 
 

-0.01 -2.15 
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Vegetation and Ecosystems  

Projected climatic changes and increases in CO2 are expected to likely have several major impacts 
on the wildland vegetation and ecosystems of California, some direct and others indirect. Overall 
increases in temperature and the lengthening of summer drought could shift local climatic conditions 
enough to push species and communities to higher elevations. Grasslands and mixed evergreen forest 
types are predicted to expand in total area, whereas alpine and subalpine vegetation types will shrink 
(Figure 4.4.6). While one study shows mid-elevation conifer forests diminishing, this is less certain, and 
such changes may be dominated more by resulting local scale water balance. Climate change models 
also predict that under a wetter climate forests would expand in northern California and grasslands 
would expand in southern California, while under a drier climate grasslands would expand across the 
entire state (Lenihan et al., 2003). 

Studies are inconclusive as to whether warming temperatures will result in increased plant growth. 
Although plants, in theory, benefit from increasing atmospheric CO2 due to higher water use efficiency, 
these gains may be offset by other limiting factors (i.e. lack of water, soil nutrients, etc.). Battles et al., 
(2006) estimated that conifer tree growth and yield would be reduced under all climate model 
scenarios. In the most extreme case, productivity of mature stands was reduced by 18 percent by the 
end of the century, and up to 31 percent for pine plantations. Under medium levels of predicted 
warming, productivity in mature mixed-stands decreased by 20 percent by the end of the century. 
Other indirect effects in conifer forests include an increased vulnerability to attack and death from 
insect pests, due both to higher insect over winter survival rates and higher probability of drought and 
moisture stress in forested areas. 

For a select number of forest species CAL FIRE used a Species Distribution Model (SDM) to predict 
the range or niche that a species might occupy under future climatic conditions (Table 4.4.3). The SDM 
assumes a species range or niche is primarily determined by environmental conditions and that by 
incorporating predictions from global climate models the shifts in future species range can be 
predicted (Aitken et al., 2007). As such, the representation of species distribution does not include the 
constraints from disturbance, competition or dispersal. The results summarize the expected increases 
and decreases in indicator species range when comparing current range extent to the predicted range 
in 2080. The species range was developed for two global climate models: the Community Climate 
System Model (CCSM) developed by National Center for Atmospheric Research and the Hadley Centre 
Model (HAD) under the higher emissions A2 scenario. For many species there was strong agreement in 
the predicted species shift from both models. However, in other cases the model results are quite 
different. 
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Figure 4.4.6 Vegetation distribution under current conditions and under two different climate change scenarios 
(Source: Lenihan et al., 2003) 
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Table 4.4.3  
Summary of Percentage Change in Species Range for Two Global Climate Models 
(CCM - Community Climate Model, HAD – Hadley; 2010 - 2080) 

ABMA - CCM Description Acres 
Percent 
Change 

ABMA -
HAD Description Acres 

Percent 
Change 

Abies Magnifica Gained 53,127 1   Gained 494 0  

 Lost 4,911,854 77   Lost 6,340,092 100  

 Stable 1,432,933 23   Stable 4,695 0  

 Present 6,344,787   Present 6,344,787  

PILA – CCM Description Acres 
Percent 
Change PILA – HAD Description Acres 

Percent 
Change 

Pinus Lambertiana Gained 6,753,243 61   Gained 2,189,059 20  

 Lost 383,993 3   Lost 3,727,256 34  

 Stable 10,709,067 97   Stable 7,365,804 66  

 Present 11,093,060   Past 11,093,060  

PICO – CCM Description 
 

Acres 
Percent 
Change PICO – HAD Description Acres 

Percent 
Change 

Pinus Coulteri Gained 1,089,958 15   Gained 241,664 3  

 Lost 5,346,009 75   Lost 6,008,978 84  

 Stable 1,804,324 25   Stable 1,141,355 16  

 Present 7,150,333   Present 7,150,333  

PSMA – CCM Description 
 

Acres 
Percent 
Change 

PSMA – 
HAD Description Acres 

Percent 
Change 

Pseudotsuga 
Macrocarpa Gained 3,715,396 63   Gained 1,961,233 33  

 Lost 1,812,479 31   Lost 2,016,089 34  

 Stable 4,060,100 69   Stable 3,856,490 66  

 Present 5,872,579   Present 5,872,579  

QUDO - CCM Description 
 

Acres 
Percent 
Change 

QUDO - 
HAD Description Acres 

Percent 
Change 

Quercus Douglasii Gained 975,057 4   Gained 4,336,852 16  

 Lost 10,008,538 37   Lost 7,053,222 26  

 Stable 16,965,886 63   Stable 19,921,202 74  

 Present 26,974,424   Present 26,974,424  

QUEN - CCM Description 
 

Acres 
Percent 
Change 

QUDO - 
HAD Description Acres 

Percent 
Change 

Quercus 
Engelmannii Gained 1,220,180 38   Gained 2,607,399 82  

 Lost 633,317 20   Lost 1,160,876 36  

 Stable 2,551,802 80   Stable 2,024,243 64  

 Present 3,185,119   Present 3,185,119  

Carbon and Biomass 

In a report for the California Energy Commission, Lenihan et al., (2003) used a vegetation model 
(MC1), which estimates both the distribution and productivity of terrestrial ecosystems in California. 
Under both wetter and drier climate scenarios the model runs resulted in increases in carbon stocks 
between 3% and 6%. Wetter conditions lead to an expansion of forest area and an increase in above 
ground biomass, while drier conditions corresponded with an increase in grasslands. Historically, the 
highest carbon density is found in forested regions in the state. Shaw et al., (2008), found the MC1 
model predicted substantial changes in vegetation composition by 2100. The most pronounced change 
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was the dramatic increase in hardwood forests and a corresponding decline in conifer forests. The 
magnitude of the vegetation shift varied with the climate model and emission scenario (Figure 4.4.7). 
Estimated carbon stocks varied from a 12% increase under model scenarios that assume a warm and 
wet future climate, to a 30% decline in carbon stocks under model scenarios that assume a future 
climate that is hot and dry.  

 
Figure 4.4.7 Change in areal extent of major vegetation types projected by 2070–2099. The chart shows the 
difference between the areal extent of vegetation types in 2070–2099 as compared to the base scenario for that 
time period. The X axis represents the percent change in vegetation extent between current conditions and 
2099 (Source: Shaw et al., 2008.) 

In a more recent study, estimates of aboveground carbon stocks were derived by CAL FIRE using 
the USFS Forest Inventory Analysis (FIA) data. The FIA data was collected between 2001 and 2007 and 
used to make 10-year projections based on forest growth simulations (CAL FIRE, 2010). Estimates were 
made across both public and private forest lands. The study estimated an average annual 
sequestration rate for all forestlands of approximately -30 MMT CO2eq (Table 4.4.4). This estimate 
incorporates substantial losses from wildfire and other forms of tree mortality. The estimate of 
aboveground live tree carbon from this study was 31.1 tonnes C per acre. This compares favorably with 
the results from a previous study conducted by USFS that estimated aboveground tree carbon at 30.6 
tonnes per acre using FIA data from 2001 - 2005 (Christensen et al., 2008).  
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Table 4.4.4  
Results for all California Forestlands (32,114,317 acres)  
Harvest Emissions were reduced by 22.8% to avoid double 
counting with mortality and fire emissions. 
Source Type C (tonnes) CO2e (tonnes)
Growth Storage -16,367,285 -60,067,936
Model Mortality Emission 5,455,351 20,021,137
Wildfire Emission 1,719,915 6,312,087
Harvest (merch) Emission 565,315 2,074,706
Harvest (non-merch) Emission 791,776 2,905,819
WP (in-use) Pool -389,436 -1,429,231
WP (landfill) Pool -48,796 -179,081
Net -8,273,161 -30,362,499  

In addition to the amount of carbon sequestered in forestlands the trend or likelihood of future 
storage must also be considered. The Scoping Plan for implementing The Global Warming Solutions Act 
estimated that forests were currently sequestering approximately -5 MMT CO2eq, but that the 
sequestration rate was declining and would become negligible by 2020 (CARB, 2008). A USFS study 
estimated that national forests in California were currently operating as a substantial sink, but that 
over the next several decades there were great risks to carbon storage depending on disturbance and 
management regimes (Goines and Nechodom, 2009). Using the MC1 vegetation model CAL FIRE 
estimated that carbon stocks were relatively stable through 2050, but then declines would occur 
through 2100 (CAL FIRE, 2010). In addition, there were substantial acres of forestland, with high carbon 
storage, that are at risk from wildfire and mortality from forest pests (Table 4.4.5; Figure 4.4.8). 

Table 4.4.5  
Summary of the Acres of Medium and High Priority Landscape by Bioregion.  
Acreage in Medium and High Priority Represents Areas with Forest Carbon that are At Risk From 
Wildfire Threats and Forest Pest Outbreaks.  
These estimates are based on results from the MC1 vegetation dynamics model.  
Priority Rank 2010 2020 2050 
  Medium  High Medium  High Medium  High 
Bay Area/Delta    2,016,788     2,263,489     1,979,036     2,104,163     2,026,876       1,933,870  

Central Coast    3,343,717     3,477,329     3,343,717     3,477,329     3,565,984       2,651,494  

Colorado Desert       604,994           16,839        604,994           16,839        418,396             51,289  

North Coast/Klamath    3,688,012     9,863,887     3,688,012     9,863,887     3,342,963     10,261,090  

Modoc    3,041,900     3,978,349     3,041,900     3,978,349     2,858,730       3,974,886  

Mojave    1,875,220           52,655     1,875,220           52,655     1,316,526           190,115  

Sacramento Valley    1,170,792        507,695     1,170,792        507,695     1,108,082           312,430  

San Joaquin Valley       896,541        142,498        896,541        142,498        644,205             89,033  

Sierra    7,868,253     5,962,034     7,868,253     5,962,034     6,337,216       6,351,938  

South Coast    3,192,306     2,454,319     3,192,306     2,454,319     2,816,817       2,202,495  
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Figure 4.4.8 Priority landscape maps depicting ecosystem threats to forest carbon 

Data Source: MC1 Dynamic Global Vegetation Model, USFS / Oregon State University / The Nature Conservancy 
(2009); Forest Pest Risk, USFS FHP (2006 v1); Statewide Land Use / Land Cover Mosaic, CAL FIRE (2006); 
California Fire Regime Condition Class, CAL FIRE (2003) 

The data inputs to the priority landscape were derived from the MC1 vegetation dynamics model 
and are based on climate data from the GFDL GCM under the A2 emissions scenario. Under this 
projected climate scenario the priority landscape areas remain relatively stable through 2050. 
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Wildfire 

Indirect effects of the trend in climatic change include an increase in the frequency and intensity 
of wildfires in several vegetation types, which is likely to play a role in the expansion of grasslands. A 
warmer, drier climate will likely increase the number of days of severe fire danger. The fire season in 
California and elsewhere seems to be starting sooner and lasting longer, with climate change being 
suspected as a key mechanism in this trend (Flannigan et al., 2000; Westerling et al., 2006). The rolling 
five year average for acres burned by wildfires on all jurisdictions increased in the past two decades 
from 250,000 to 350,000 acres (1987–1996) to 400,000 to 600,000 acres (1997–2006) (2006, California 
Wildfire Activity Statistics). In addition, the three largest fire years since 1950 have occurred this 
decade, with both 2007 and 2008 exceeding the previous five-year average. 

Wildfire risk will continue to be highly variable across the state. Research suggests that large fires 
and burned acreage will increase throughout the century (Westerling and Bryant, 2006; Lenihan et al., 
2008), with some declines after mid-century due to vegetation type conversions. Recent research 
estimates that the wildfire area burned is expected to increase by at least 100 percent in the forests of 
Northern California (Westerling et al., 2009). This estimate was consistent for the three GCMs that 
were used in the analysis. This is likely to have adverse effects on air quality, especially during summer 
and fall months. Another study used data from three CAL FIRE ranger units (Santa Clara, Amador, and 
Humboldt) to model potential effects to vegetation and wildfire under differing climate change 
scenarios (Fried et al., 2004). When interpolated to most of northern California’s wildlands, these 
results translate to an average annual increase of 5,000 hectares (12,355 acres) burned by contained 
fires. Fire suppression was simulated using California Fire Economics Simulator (CFES). Across all SRA 
lands in northern California the model predicted 114 additional escapes per year. This is roughly a 
doubling of the number of escapes under current conditions. 

Wildlife 

Under warmer and wetter climate scenarios forecast a slight increase in biodiversity; while a drier 
climate is expected to lead to long-term reductions in biodiversity. Coastal Sage Scrub in Southern 
California was identified as one habitat type that is likely to be further impacted by both climate 
change and increasing urbanization associated with population growth. 

Under a wetter climate scenario increased runoff in winter months could benefit waterfowl in the 
San Francisco Bay Area and Central Valley by increasing foraging and resting habitats (Inkley, 2004). 
This assumes that land use patterns are similar with an abundance of rice fields in the central and 
northern portions of the Central Valley. However, more intense winter flooding could also erode 
riparian habitat and cause greater sedimentation in wetland habitats (CDFG, 2005). Drier summers will 
increase the water needs and lower seasonal river flows and water availability to wildlife, especially in 
these drier lowland regions. In north coastal watersheds, flow reductions will also adversely impact 
survival rates of anadromous salmonids (e.g. coho and Chinook) that depend on adequate summer 
stream volumes. In upland habitats across the state, and particularly in mountainous bioregions, 
reduced spring snow packs and drier summer conditions will exacerbate the impacts on habitat from 
more frequent and severe uncharacteristic wildfires. 

Sea level rise has the potential to impact coastal habitat through coastal inundation, increased 
coastal erosion, and a direct loss of coastal habitat. Sea level rise is also expected to create more salt 
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water intrusion and thus reduce the amount of freshwater habitat in the Bay Delta and increase the 
amount of shallow near shore habitat.  

Overall, wildlife in upland habitats will be disrupted by climate change and either adapt, move or 
experience local and regional population declines. Shrinkage and increased levels of disturbance in 
available habitats (e.g. upslope) may make successful relocation of species a difficult challenge. 
Moreover, little research exists and much uncertainty remains on the impacts of climate change on 
species at risk throughout the state (CDFG, 2005).  

4.4.4 California’s Regulatory Framework in Response to the Challenge of Climate 
Change 

Assembly Bill (AB) 32, the Global Warming Solutions Act establishes a framework to reduce 
greenhouse gas emissions (GHG) in California. The bill requires the Air Resources Board to: 1) identify, 
monitor and track sources of emissions of greenhouse gases; and 2) develop regulatory and market 
based approaches to lessen GHG emissions. The Legislative findings in Health and Safety Code Section 
38501 describe global warming as a threat in areas where CAL FIRE has jurisdiction, including water 
from the Sierra snowpack, and to industries such as forestry, agriculture and recreation.). California’s 
leadership efforts in such areas as environmental stewardship, renewable energy standards, and 
natural resource conservation are also cited. Lastly, the Act states the intent that the Climate Action 
Team (CAT), established by the Governor, continues its role in coordinating overall climate policy.  

Two recent Executive Orders, addressing biofuels and climate change, look to forest and wildland 
management to provide cost-effective alternatives for fossil fuels and increased carbon sequestration 
to help absorb excessive atmospheric carbon dioxide and in the longer term, reduce the effects of 
climate change. 

Executive Order S-03-05 deals with climate change, stating that climate change impacts pose a 
significant threat to California and setting specific goals for reductions of GHG within the State. 
California Environmental Protection Agency (Cal EPA) was established as the coordinator of this effort 
and was directed to provide the Governor a report by January 2006, setting out recommendations on 
how to achieve the targets set in Executive Order S-03-05. The Climate Action Team (CAT) was 
established to coordinate planning efforts to achieve the goals in Executive Order S-03-05. The CAT 
team, involving a number of agencies, provided for necessary studies and issued the CAT Report in 
March 2006. The CAT report contained GHG emission reduction targets for California. The targets from 
that report have been institutionalized by including them in the language of AB 32. The greenhouse 
gases emission targets established by the Executive Order are shown in Figure 4.4.9. According to the 
report, 

“The 2010 and 2020 targets are based on an ambitious estimate of how much the state can 
reduce emissions with strong top-down leadership and a coordinated effort amongst various 
state agencies. Cal/EPA worked with the Air Resources Board (ARB), California Energy 
Commission (CEC) and Tellus, a technical contractor, to develop the targets in the 2010 and 
2020 timeframes. The 2050 target is based on emission reductions the science indicates will be 
necessary from all developed nations to ensure protection of the planet in the 100-year time 
frame… Finally, the EO directed Cal/EPA to lead an evaluation of the impacts of climate change 
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in California, mitigation strategies to reduce emissions, and adaptation measures that can be 
taken by the state to best respond to the adverse impacts of climate change.”   
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Figure 4.4.9 California’s climate change emissions and targets 

The reports authored by the Bio Energy and the Climate Action Team recognize the burning of 
fossil fuels as the major contributor to greenhouse gas emissions, which are the main pollutants forcing 
climate change and the associated societal impacts. Both reports identify California’s forest resources 
(wildland and urban forests) as a significant contributor to proposed solutions. Other recent reports 
also list catastrophic wildfires in the western U.S., including California, as significant greenhouse gas 
contributors. 

The CAT recommendations prescribe a series of possible actions that will require multiple 
agencies, including CAL FIRE, to implement a significant number of coordinated actions and individual 
projects. Of the strategies given to the Resources Agency, CAL FIRE is the primary agency in five 
approaches: forest management; forest conservation; fuels management/ biomass; urban forestry; 
and afforestation/reforestation. Agencies are to proceed with implementation through existing 
regulatory, public, and stakeholder processes for each of the strategies. Additional development and 
modifications of the strategies are anticipated over time. These five strategies have the objective of a 
9MtC02 emissions reduction by 2010 and a total 33 MtC02 emissions reduction by 2020. 

Table 4.4.6 lists all of the strategies that Resources Agency is in the process of implementing to 
reduce California’s greenhouse gases emissions. The forest management efforts promise not only 
climate change emission reductions, but also serve to protect biological diversity, water quality and 
habitat diversity.  
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Table 4.4.6  
Resources Agency Strategies to Reduce Greenhouse Gases Emissions 
Climate Change Emission Reductions  (Million Metric Tons CO2 Equivalent)         2010 2020 
Department of Forestry 

Forest Management   1-2   2-4 
Forest Conservation  4.2   8.4 
Fuels Management/Biomass  3.4   6.8 
Urban Forestry 0   3.5 
Afforestation/Reforestation 0 12.5 

Department of Water Resources 
Water Use Efficiency   0.4   1.2 

Energy Commission 
Building Energy Efficiency Standards in Place 1 2 
Appliance Energy Efficiency Standards in Place 3 5 
Fuel-Efficient Replacement Tires & Inflation Programs 1.5 1.5 
Building Energy Efficiency Standards in Progress TBD TBD 
Appliance Energy Efficiency Standards in Progress TBD TBD 
Cement Manufacturing <1 <1 
Municipal Utility Energy Efficiency Programs/ Demand Response 1 5.9 
Municipal Utility Renewable Portfolio Standard <1 3.2 
Municipal Utility Combined Heat and Power 0 <1 
Municipal Utility Electricity Sector Carbon Policy 3 9 
Alternative Fuels: Non-Petroleum Fuels TBD TBD 

1 These estimates are based on best available current information and will be updated as needed. 

An additional order, Executive Order S-06-06 sets out targets for the creation of biofuels and use 
of biomass (including forestry waste) to produce electricity and reduce consumption of fossil fuels. The 
resulting wildland fuels reduction will also contribute to lessening the risks associated with 
catastrophic fire. Order S-06-06 also mandates continuation of the Bioenergy Interagency Working 
Group (BEIWG) and charges the Resources Agency and Chair of the California Energy Commission with 
providing oversight of efforts made by state agencies to promote the use of biomass resources.  

The State of California has also recognized the need to plan for adaptation needs to address 
climate impacts that are likely to occur regardless of mitigation efforts. In response to Governor 
Schwarzenegger’s Executive Order S-13-2008 the California Natural Resources Agency led an effort to 
develop the 2009 California Climate Adaptation Strategy. The forestry chapter of the report makes 
recommendations that include the use of vegetation management to improve forest health and to 
promote resilience. 

4.4.5 Carbon Sequestration, Forest Conservation and Restoration 
Conservation projects can be designed to minimize/prevent the climate change emissions that are 

associated with the conversion of forestland to non-forest uses by adding incentives to maintain an 
undeveloped forested landscape. 

California is losing forestland at increasing rates: 35,000 to 40,000 acres of private forestland is 
converted annually to non-forest uses (Stewart, 2005), which could contribute as much as 12 million 
tons of CO2 emissions annually. Policies designed to minimize or prevent forestland conversion to non-



Climate Change 

 
California Department of Forestry and Fire Protection 4.4-18 
Vegetation Treatment Program  
Draft Environmental Impact Report  
  

forest uses could provide significant benefits by 1) preventing or minimizing climate change emissions 
that are associated with increasing forestland conversion in California and 2) maintaining the 
opportunity to increase forest carbon stocks on these lands through additional sequestration over 
time. Forest conservation can also enhance and protect biodiversity, water quality, and habitat 
resources that the state will increasingly seek to protect from the negative effects of climate change. 

Reforestation projects focus on restoring native tree cover on lands that were previously forested 
and are now covered with other vegetative types. Recent studies have estimated that approximately 9 
million acres of land in California could be reforested to increase carbon sequestration and provide 
other benefits. Each of these acres has the potential to store between 150 to 230 tons of carbon. 

 The Role of the VTP in Carbon Sequestration and in Reducing California’s Greenhouse Gas Emissions 

Forest and wildland vegetation management strategies are being developed to reduce CO2 and 
other greenhouse gases emissions, and are intended to store additional carbon through a range of 
activities such as increasing the growth of individual trees, increasing the overall age of trees prior to 
harvest, or dedicating land to older aged trees. With roughly 33 million acres of forest land (45% 
private and 55% public) in California, changes in forest management can produce significant amounts 
of climate change emission reduction benefits for the state. Under AB32 the state is in the process of 
developing mitigation strategies for the forest sector (see http://www.arb.ca.gov/cc/scopingplan/ 
document/draftscopingplan.htm). As part of the scoping process undertaken by the Air Resources 
Board and the Board of Forestry, five major strategies have been identified. The following description 
of the strategies is an excerpt from a Board of Forestry scoping report that was recently submitted to 
the Air Resources Board. 

o Reforestation and Afforestation. The forest sector has strong emission reduction potential in 
both the near term and the long-term. Re- and Afforestation are great examples where 
investment in the near-term will provide enormous benefits in the 2050 timeframe from a 
combination of the CFIP program, state and federal re- and afforestation, mitigation and 
offsets. This strategy may provide more than 23 MMTCO2E per year by 2050. The GHG benefits 
of this strategy in the near-term, however, are small. 

o Fuels management. The most significant potential near-term reductions come from using 
residual forest wood waste from thinning, harvesting and urban forestry practices to displace 
fossil fuel in energy generation. Annual savings by 2020 are calculated to be 4.2 MMTCO2E. 
Reducing fuel loads where appropriate on state and federal lands and using that biomass for 
energy generation significantly reduces GHG emissions by reducing the risk of wildfire and 
displacing emissions from fossil fuels. This helps meet the growing demand for renewable 
energy sources and the state’s bio-power objectives, including the Renewable Portfolio 
Standard. The removal of fire-hazardous fuels from forests has the dual benefit of reducing the 
frequency and magnitude of wildfire – when applied appropriately -- and the associated 
emissions. While the benefits of displaced fossil fuel use come from activities in the forest 
sector, the emission reductions are counted in the energy sector. 

o Urban forestry. Trees planted in urban areas through state and voluntary programs not only 
sequester CO2, but also provide energy savings through the cooling effects of shade, as well as 
providing multiple co-benefits. 

http://www.arb.ca.gov/cc/scopingplan/
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o Conservation. Proposition 40, 50 and 84 funds have or will purchase conservation easements in 
forest lands to protect them from development. More proposition funds in the future would 
maintain these actions. Conservation approaches are the ONLY guaranteed reductions from the 
forest sector for 2020 as they are already underway. They total 1.4 MMT annually in 2020. 

o Forest management. Incentivized by the carbon offset market, voluntary increases in riparian 
buffer areas and voluntary improvement to timber management techniques would increase 
sequestration potential in managed forest lands.  

Inclusion of the forest and range sector in climate mitigation policy can lead to additional local 
environmental benefits that may help the state’s resources adapt to potential negative effects of 
climate change (more resilience to drought, etc.). Overall changes in forest management can enhance 
and protect biological diversity, water quality, and habitat resources that the state will increasingly 
seek to protect in the advent of climate change. 

Reducing the Contribution of California Wildfires to Atmospheric CO2 

Large, episodic, unnaturally hot fires are an increasing trend on California’s wild lands because of 
decades of fire suppression activities, sustained drought, and increasing insect, disease, and invasive 
plant infestations. Actions taken to reduce wildfire severity through fuel reduction and biomass 
development are expected to reduce climate change emissions from wildfire. Due to the complex 
nature of wildfires it is currently difficult to quantify the direct benefits of fuel reduction projects on 
avoided emissions from wildfires. While there are many examples of fuel treatments successfully 
modifying fire behavior much research is still needed on this topic. See Sections 4.2, 4.6, 5.2 and 5.6 for 
additional information on wildfires, vegetation treatments, and air quality. 

4.4.6 Summary 
California will continue to be affected by climatic change, including the range and forest resource 

sectors of the economy. The future climate is expected to be warmer, but it is uncertain whether it will 
be wetter or drier. The prevailing climatic conditions will clearly dictate the extent, composition, and 
distribution of forest, shrub, and grasslands across the state. In this era of shifting climate, it is likely 
that catastrophic events such as stand-replacing wildfires will be the proximate triggers in changing 
natural vegetation distribution.  

The state is moving forward on a variety of policies and strategies for reducing greenhouse gases. 
The VTP can play a role in helping to maintain sequestered carbon in the form of forests and other 
natural vegetation. It can do so by reducing the frequency and intensity of catastrophic wildfires, and 
potentially by improving tree growth. Wildfires put large amounts of CO2 and other greenhouse gases 
into the atmosphere in a short period of time as well as destroy carbon stocks. Keeping carbon on the 
ground and out of the air will be a top priority in mitigating climatic changes due to greenhouse gases. 
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4.5  Biological Resources – Bioregional Summary 

The following section contains a summary of the biological resources found in each Bioregion. 
The following description of biological and environmental conditions is excerpted from the 
California Department of Fish and Game (CDFG) Wildlife Action Plan. See CDFG web site to view the 
full report (http://www.dfg.ca.gov/wildlife/wap/report.html) 

Regulatory Framework  

California Environmental Quality Act (CEQA) 
CEQA provides that public agencies whose activities may affect the environment shall prevent 

environmental damage (CCR § 15000-15387). Rare threatened, or endangered plant species, 
subspecies, and varieties are specifically considered in various sections of CEQA (CCR §15380). CEQA 
Guidelines Section 15380 (b) provides the criteria for Endangered, Rare, and Threatened species. 
Section 15380 (d) states that species that re not on state and federal lists, but meet the criteria in 
subsection (b) of Section 15380, “shall nevertheless be considered to be endangered, rare or 
threatened.” CNPS Lisa 1A, 1B, and 2 plant species will be initially presumed to meet these criteria 
subject to review and reassessment during scoping. Additionally, under Section 15380 species will 
be considered Endangered, Rare, or Threatened, if it is listed as such under the California or Federal 
Endangered Species Act (ESA). Species designated as candidates for listing by the fish and Game 
Commission under the CESA also are “presumed to be endangered.” The California ESA presumes 
that candidate species meet the criteria for listing as Endangered, Rare, or Threatened. Sate 
certified regulatory programs are subject to provisions in CEQA regarding the avoidance of 
significant adverse effects on the environment, including native plant communities and rare, 
threatened, and endangered plants, where feasible (CCR § 15250.) Public Resources Code § 
21080.5(d)(2)(a) states that the rules and regulations adopted by the administering agency of a 
certified regulatory program shall “require that an activity will not be approved or adopted as 
proposed if there are feasible mitigation measures available which would substantially lessen any 
significant adverse effect which the activity may have on the environment.” The FPRs are a State 
Certified Regulatory Program (CCR § 15251 (a)) and are subject to these rules.  

Native Plant Protection Act (NPPA) 

The Native Plant Protection Act (Fish and Game Code Native Plant Protection Act § 1900-1913) 
was enacted in 1977. This act established the criteria for determining if a species, subspecies, or 
variety of native plant is endangered or rare. It also has been established that state agencies, in 
consultation with CDFG, shall implement programs for the conservation of endangered or rare 
native plants (Fish and Game Code §1911). However, THPs submitted in accordance with the Z’berg-
Nejedly Forest Practice Act of 1973 are exempt from this type of regulation (Fish and Game Code 
§1913). Under this Fish and Game Code Section, where CDFG notifies a landowner that a rear or 
endangered plant is growing on their land, the landowner shall notify the Department at least 10 
days in advance of changing the land use to allow the Department to salvage the plant. Submission 
of a THP is considered notification of the Department of Fish and Game under this section. Other 

http://www.dfg.ca.gov/wildlife/wap/report.html
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management activities may not be exempted from Fish and Game Code Section 1911 (Fish and 
Game Code Section 1913). 

California Endangered Species Act (CESA) 

The California Endangered Species Act (Fish and Game Code § 2050-2116) was enacted in 1984 
and enhanced protection for endangered, rare, and threatened plant species. Indeed, “it is the 
policy of the state to conserve, protect, restore, and enhance any endangered species or any 
threatened species and its habitat” (Fish and Game Code § 2052). It is also state policy to 
disapprove projects that are proposed without feasible mitigation to reduce the impacts below the 
level of significance and that would jeopardize the continued existence of any endangered or 
threatened species or result in the adverse modification of habitat essential to the existence of 
those species (Fish and Game Code § 2053-2055).  

Regulatory Framework for the Protection of Fish and Wildlife Resources 

State agencies, including CAL FIRE, are directed through a variety of programs and policies to 
protect and manage California’s Wildlife resources. These include: 

 CEQA 
 California Forest Practice Rules 
 California Fish and Game Code 
 California State Endangered Species Act (CESA) 
 Federal Endangered Species Act (FESA) 

CEQA 

CEQA provides that public agencies whose activities may affect the environment shall prevent 
environmental damage (CCR § 15000-15387). Rare, threatened, or endangered  species, subspecies, 
and varieties are specifically considered in various sections of CEQA (CCR § 15380). State certified 
regulatory programs are subject to the provisions in CEQA regarding the avoidance of significant 
adverse effects on the environment, including rare, threatened, and endangered species, where 
feasible (CCR § 15250).  

California Forest Practice Rules 

Forest management activities on the Forest are subject to the requirements of the Forest 
Practice Act (FPA) as administered through the Forest Practice Rules (FPR). Registered Professional 
Foresters (RPFs) follow the provisions of the FPA and FPRs in preparation of timber harvesting plans 
(THPs). The THP preparation and review process substitutes for the EIR process under CEQA 
pursuant to PRC section 21080.5. THPs are designed to achieve maximum sustained production of 
high quality forest products while giving consideration to values relating to recreation, watershed, 
wildlife, range and forage, fisheries and aesthetic enjoyment as directed by PRC 4651.  

The FPRs require timber operations to be designed in a manner that maintains functional 
wildlife habitat in sufficient condition for continued use by the existing wildlife community within 
the planning watershed and retains or recruits late and diverse seral stage habitat components for 
wildlife concentrated in the WLPZs and as appropriate to provide for functional connectivity 
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between habitats [14 CCR § 897(b)(1)(B)-(C)]. In addition, the FPRs require RPFs to consider the 
proposed timber operations in the context of the larger forest and planning watershed in which 
they are located, so that biological diversity is maintained within larger planning units and adverse 
cumulative impacts are reduced [14 CCR § 897(b)(2)]. The appendix to Board of Forestry Technical 
Rule Addendum No. 2 instructs the RPF to consider the factors set forth therein when evaluating 
cumulative impacts. Factors that the RPF must consider are:  

• Any known rare, threatened, or endangered species or sensitive species (as described in 
the Forest Practice Rules) that may be directly or indirectly affected by project activities; 

• Any significant, known wildlife or fisheries resource concerns within the immediate project 
area and the biological assessment area; 

• The aquatic and near-water habitat conditions on the THP and immediately surrounding 
area (pools and riffles, large woody material in the stream, near-water vegetation); and  

• The biological habitat condition of the THP and immediately surrounding area (snags/den 
trees, hardwood cover, downed, large woody debris, late seral (mature) forest 
characteristics, multistory canopy, late seral habitat continuity, road density and special 
habitat elements). 

Furthermore, the FPRs require the RPF to specifically address wildlife under Article 9 sections 
919 through 919.18. In doing so, the RPF must: 

• Retain all snags to provide wildlife habitat, except in certain specific cases (near main ridge 
tops suitable for fire suppression; near public roads, permanent roads, seasonal roads, 
landings, and railroads; where safety laws and regulations require snags removal; near 
structures maintained for human habitation; merchantable snags; and for insect or disease 
control [14 CCR § 919.1(a)-(e)]. 

• Provide general protection for sensitive species [per 14 CCR §§ 895.1 and 898.2(d)]. This 
includes: A mandatory pre-harvest inspection; protection of nest tree(s), designated perch 
trees(s), screening tree(s), and replacement trees(s) during timber operations; 
commencement of timber operations as far as possible from occupied nest trees; and 
protection of the occupied nest tree, screening trees, perch trees, and replacement trees if 
discovered during timber operations [14 CCR § 919.2(a)-(d)]. Some exceptions to these 
requirements are allowed. 

• Provide specific protection for sensitive species (Bald Eagle, Peregrine Falcon, Golden 
Eagle, Great Blue Heron, Great Egret, Northern Goshawk, and Osprey). The specific 
protection measures include buffer zones around all nest trees containing active nests; 
year-around restrictions within buffer zones; establishment of critical periods for each 
species with applicable requirements during these critical periods; and limits on helicopter 
logging during the critical period (14 CCR § 919.4(a)-(e)). 

• Incorporate feasible practices to reduce impacts (as described in 14 CCR § 898) where 
significant adverse impacts to non-listed species are identified (14 CCR § 919.4). 
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• Ensure that timber operations will not result in “take” of the Northern Spotted Owl and 
Marbled Murrelet (14 CCR §§ 919, 919.10 and 919.11). 

• Provide habitat structure information for late succession forest stands proposed for 
harvesting where such harvest will significantly reduce the amount and distribution of late 
succession forest stands or their functional wildlife habitat value so that it constitutes a 
significant adverse impact on the environment. Also, the RPF must provide a statement of 
objectives over time for late succession forest stands on the ownership and include a 
discussion of how the proposed harvesting will affect the existing functional wildlife 
habitat for species primarily associated with late succession forest stands in the plan or the 
planning watershed, as appropriate, including impacts on vegetation structure, 
connectivity, and fragmentation.  

• Where timber operations will result in long-term significant adverse effects on fish, 
wildlife, and listed species known to be primarily associated with late successional forests, 
feasible mitigation measures to mitigate or avoid such long-term significant adverse effects 
must be described and incorporated. Where long-term significant adverse effects cannot 
be avoided or mitigated, the RPF must identify the measures that will be taken to reduce 
those remaining effects and provide reasons for overriding concerns pursuant to 14 CCR § 
Section 898.1(g), including a discussion of the alternatives and mitigation considered [14 
CCR § 919.16(a)-(b)].     

California Fish and Game Code and CESA 

The California Endangered Species Act (CESA) (Fish and Game Code § 2050-2116) was enacted 
in 1984 and enhanced protection for endangered, rare, and threatened species. Under CESA, “it is 
the policy of the state to conserve, protect, restore, and enhance any endangered species or any 
threatened species and its habitat” (Fish and Game Code § 2052). It is also state policy to 
disapprove projects that are proposed without feasible mitigation to reduce the impacts below the 
level of significance and that would jeopardize the continued existence of any endangered or 
threatened species or result in the adverse modification of habitat essential to the existence of 
those species (Fish and Game Code § 2053 - 2055). CESA generally parallels the main provisions of 
the Federal Endangered Species Act and is administered by the California Department of Fish and 
Game (DFG). CESA prohibits the "taking" of listed species except as otherwise provided in State law. 
Unlike its Federal counterpart, CESA applies the take prohibitions to species petitioned for listing 
(state candidates). Section 86 of the Fish and Game Code defines "take" as "hunt, pursue, catch, 
capture, or kill, or attempt to hunt, pursue, catch, capture, or kill." 

State lead agencies are required to consult with DFG to ensure that any action it undertakes is 
not likely to jeopardize the continued existence of any endangered or threatened species or result 
in destruction or adverse modification of essential habitat. A "lead agency" is defined under the 
California Environmental Quality Act as the public agency which has principal responsibility for 
carrying out or approving a project that may have a significant effect on the environment (PRC 
§21067). 
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Federal Endangered Species Act (FESA) 

The Federal Endangered Species Act (FESA) requires formal or informal consultation with the US 
Fish and Wildlife Service or NOAA Fisheries where it is likely that the project could affect federally listed 
threatened or endangered species. The purpose of the ESA is to conserve the ecosystems upon which 
listed species depend. The laws ultimate goal is to “recover” listed species such that the protections of 
the Act are no longer needed. The ESA requires that recovery plans be developed that describe the 
steps necessary to restore the species. Similarly, the ESA provides for the designation of “critical 
habitat” when prudent and determinable. Critical habitat includes geographic areas where those 
physical and biological features essential to the conservation of the species are found and which may 
require special management considerations or protection. Critical habitat designations affect only 
Federal agency actions or federally funded or permitted activities. The Act also makes it unlawful to kill 
or injure a listed species, which includes significant habitat modification or degradation where it 
actually kills or injures listed species by significantly impairing essential behavioral patterns, including 
breeding, feeding or sheltering. 

Regulatory Framework for the Protection of Wetlands  
Government responses to wetland losses have come in the form of legal restrictions on uses of 

wetlands as well as protection through acquisition, restoration, and management.  

Section 401, Clean Water Act:  Federal protection is described in Section 401 of the Clean 
Water Act. This requires that State water quality standards not be violated by the discharge of fill or 
dredged material into “Waters of the United States.”  Section 404 of the Clean Water Act authorizes 
the US Army Corps of Engineers (ACOE) to issue permits for discharges of dredged or fill material 
into streams and wetlands.  

State and Federal Coastal Acts:  Wetlands found in the "coastal zone" are regulated under the 
California Coastal Act of 1976 (CCA) and the federal Coastal Zone Management Act (CZMA), and are 
within jurisdiction of the California Coastal Commission. Jackson Demonstration State Forest (JDSF) 
does not lie within the coastal zone, although portions of the assessment area for this EIR do. 

Forest Practice Rules:  The California Forest Practice Rules provide protections for wetlands in 
Coastal Zone Special Treatment Areas, and generally for marshes, wet meadows, springs, riparian 
areas, and other wet areas.  
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General Vegetation Types 

North Coast and Klamath: Vegetation, Ownership, and Species of Concern 
 

Table 4.5.1 
Habitat Type and Land Ownership North Coast/Klamath Bioregion 

Habitat Type Bureau of Land 
Management 

National Park 
Service 

Other Public Private USDA Forest 
Service 

Total Acres 

 Agriculture                    163                   96            7,468          283,736                     292         291,755  
 Barren/Other                 4,584                 549            5,085            46,219                65,614         122,050  

 Conifer              214,159             79,299         231,614       3,195,621            4,201,992       7,922,685  
 Hardwood              126,916             28,931          99,900       2,016,071              635,963       2,907,780  

 Herbaceous                17,732              2,585          16,556       1,031,467                36,750       1,105,090  
 Shrub              224,265              5,866          18,758          730,975              733,599       1,713,463  
 Urban                    353                 148            6,479          114,425                  2,456         123,862  
 Water                 1,112              4,275          14,201            77,443                58,920         155,951  

 Wetland                      77             6,489            31,548                  4,401           42,514  
Total Acres             589,361           121,749         406,550       7,527,504            5,739,986     14,385,151  

 

Coastal wetland communities, including estuaries, lagoons, marshes, and open-water bays, are 
important for shorebirds and provide nursery habitats for anadromous, oceanic, and near-shore 
fish. The coastal wetlands include the estuary at the mouth of the Smith River, Lake Talawa and 
Lake Earl, Humboldt Bay, the mouth of the Eel River, and Bodega and Tomales bays. 

Grasslands, coastal shrub, pine forests, mixed evergreen forests, and redwood forests are 
typical terrestrial plant communities. Unique, geographically limited habitats include sphagnum 
bogs and pygmy scrub forests.  

The region’s coastal redwoods are among the largest, tallest, and oldest trees in the world, 
often exceeding 200 feet in height, 15 feet in diameter, and 2,000 years in age. Redwood groves are 
patchily distributed across the coastal fog belt that extends up to 40 miles inland and where winter 
rains and summer fog provide a persistent moist environment. Some inhabitants of coastal redwood 
forests include black bear, Roosevelt elk, MacGillivray’s warbler, olive-sided flycatcher, marbled 
murrelet, Pacific giant salamander, rough-skinned newt, and the banana slug. 

The region’s inland Klamath-Siskiyou mountain ranges are recognized for their biological 
diversity and have been designated as an area of global botanical significance by the World 
Conservation Union (IUCN), as one of 200 global conservation priority sites by the World Wildlife 
Fund, and as a proposed United Nations’ biosphere reserve (Ricketts et al., 1999). These mountains 
harbor some of the most floristically diverse temperate coniferous forests in the world, attributable 
in part to the region’s variable climate, geography, and soil types, which create a variety of 
ecological communities. Unique, localized conditions have given rise to endemic species that have 
evolved to specialize in these areas, including nearly 100 plant species that are restricted to 
serpentine soils. Additionally, portions of the region remained unglaciated during the last ice ages 
and have served as centers of distribution for numerous species that sought refuge there. Finally, 
these mountains represent the intersection of coastal ecosystems with the inland Klamath Basin 
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region. As a result, the inland mountains and river systems support a rich flora and fauna that 
include species from both regions. The Klamath River system, for instance, harbors both coastal fish, 
like salmonids and Coast Range sculpin, and fish whose ranges extend from the inland Klamath 
Basin, such as the tui chub. 

Ecological communities of the inland mountain ranges include moist inland forests dominated 
by Douglas fir, ponderosa pine, and sugar pine mixed with a variety of other conifers and 
hardwoods; drier oak forests and savannas; serpentine soil–associated plant communities and 
shrublands and high elevation subalpine forests. More than 3,000 plant species are known from 
these inland mountain ranges, and the area supports some 30 temperate conifer tree species, more 
than any other ecosystem in the world. Wildlife inhabitants include such sensitive species as the 
northern spotted owl, northern goshawk, Humboldt marten, and Pacific fisher, as well as common 
species like mule deer, black bear, and red-tailed hawk. 

The fish fauna of the Klamath River System (below Copco Lake and Iron Gate reservoir) is 
dominated by anadromous fish species such as Pacific lamprey, Chinook and coho salmon, 
steelhead, and coastal cutthroat trout. Predominately freshwater species are also abundant in the 
system and include a variety of introduced species and two natives, the speckled dace and Klamath 
smallscale sucker. Coastal streams, flowing directly to the ocean, support a fish fauna composed 
predominately of anadromous species and euryhaline freshwater and marine species. The Klamath 
and Trinity Rivers collectively support the second largest Chinook salmon populations in California. 

The upper Klamath River System includes Upper and Lower Klamath lakes and Tule Lake. The 
fish fauna is dominated by freshwater species including the Klamath Lake sculpin, shortnose sucker, 
and the Lost River sucker. Stream and lake dwelling species include the dwarf Pacific lamprey, 
rainbow trout, Klamath largescale sucker, blue chub, Klamath tui chub, speckled dace, and marbled 
sculpin. Introduced species numbers appear to be increasing in number in the reservoirs of the river 
system (Moyle, 1976). 

The region is known for these extensive river systems and the anadromous fish populations 
they support. The majority of California’s river segments with state or federal Wild and Scenic river 
designations occur in the North Coast–Klamath Region, including portions of the Klamath, Trinity, 
Smith, Scott, Salmon, Van Duzen, and Eel. Anadromous fish species include coho and chinook 
salmon, steelhead, coast cutthroat trout, green sturgeon, and Pacific lamprey. The region has seen 
sharp declines in its fish populations, with an 80 percent decline in salmon and steelhead between 
the 1950s and 1990s (California State Lands Commission, 1993).  

Nonetheless, the remaining fish populations still represent the most important anadromous 
fish runs in the state. The region’s rivers support one-third of the state’s chinook, most of the state’s 
coho salmon and steelhead, and all of the coast cutthroat trout (California State Lands Commission, 
1993).  

The North Coast and Klamath’s wide range of habitats has given rise to remarkable biological 
diversity. There are 501 vertebrate species that inhabit the area at some pint in their life cycle, 
including 282 birds, 104 mammals, 26 reptiles, 30 amphibians, and 59 fish. Of the total vertebrate 
species that inhabit this region, 76 bird taxa, 26 mammalian taxa, two reptilian taxa, 13 amphibian 
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taxa, and 42 fish taxa are included on the Special Animal List. Of these, 13 are endemic to the 
region, and nine other species found here are endemic to California but not restricted to this area. 

Central Coast: Vegetation, Ownership, and Species of Concern 
 

Table 4.5.2  
Habitat Type and Land Ownership Central Coast Bioregion 
Habitat Type Bureau of Land 

Management 
National Park 

Service 
Other 
Public 

Private USDA Forest 
Service 

Total Acres 

 Agriculture                        326             5,501         638,528                  494        644,849  
 Barren/Other                        897            8,715          19,081              17,507          46,201  
 Conifer                     2,926                        5         39,567         165,968            291,972        500,438  
 Desert                        427                27            2,061             2,516  
 Hardwood                   86,707                  3,749       133,541      1,299,829            225,390     1,749,215  
 Herbaceous                  129,006                  2,800       121,917      2,368,886              27,434     2,650,042  
 Shrub                   91,587                  8,379       166,154         949,670         1,126,089     2,341,879  
 Urban                     1,344                        7         31,597         259,218                  526        292,694  
 Water                          42                        7         25,054          18,988                  670          44,761  
 Wetland              1,858            1,829             3,687  
 Total Acres                  313,263                14,947       533,931      5,724,058         1,690,082     8,276,281  

 

Sand dunes and wetlands occur along the coast. River-mouth estuaries, lagoons, sloughs, tidal 
mudflats, and marshes make up coastal wetland communities, a unique environment where marine, 
freshwater, and terrestrial systems meet. Elkhorn Slough and Morro Bay are the region’s two largest 
estuaries, with other significant wetlands found at the Pajaro, Salinas, and Santa Maria river 
mouths, Devereux Slough, and Goleta Slough (Page and Shuford, 2000). 

Other coastal habitats include coastal scrub and maritime chaparral. Coastal scrub and 
grasslands also extend inland along river valleys, like the lower Salinas Valley, where the moist 
maritime climate reaches through gaps in the coastal ranges. Maritime chaparral, characterized by 
manzanita and California lilac species adapted to the foggy coastal climate, once dominated sandy 
hills along Monterey Bay, Nipomo Mesa, Burton Mesa, and Morro Bay. Maritime chaparral is now 
one of the region’s most threatened community types, with its extent severely reduced by 
development.  

The outer Coast Ranges, including the Santa Cruz and Santa Lucia mountains, run parallel to the 
coastline. Well-watered by the moist ocean air, these slopes are drained by streams that run all 
year. The Santa Lucia Mountains provide most of the water supply to the Salinas River. These ranges 
support mixed coniferous forests and oak woodlands. The dominant coniferous species include 
ponderosa pine, Douglas fir, red alder, and, in the north, redwoods. The oak woodlands are 
dominated by coast live oak and valley oak. Rarer, endemic tree species include Monterey pine and 
Santa Lucia fir.  

Moving inland across the Gabilan, Diablo, Temblor, and Sierra Madre mountain ranges, the 
climate becomes progressively drier, and the vegetation shifts to oak woodlands, grasslands, 
interior chaparral, and desert-like interior scrub. Interior streams are mostly intermittent, drying in 
the summer and fall, except at the higher elevations of the Sierra Madre ranges, where streams run 
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year round. Biologically diverse oak woodland communities support more than 200 species of 
plants, 300 vertebrates, and 5,000 invertebrates (Thorne et al., 2002; TNC, 1997). Large expanses of 
annual grasslands are dominated by non-native grasses are inhabited by California ground squirrel 
and black-tailed jackrabbit, along with sensitive species that include the giant kangaroo rat, 
burrowing owl, San Joaquin kit fox, American badger, and, in the southern portion of the region, 
reintroduced tule elk and pronghorn. Interior chaparral habitats support drought-resistant woody 
shrubs, including manzanita, California lilac, and chamise.  

The Central Coast’s largest drainages include the Salinas, Santa Maria, Pajaro, and Santa Ynez 
watersheds. Riverine and riparian habitats are important to amphibian and reptile species like the 
California red-legged frog, foothill yellow-legged frog, and Western pond turtle, and birds like the 
bank swallow, the Lawrence’s goldfinch (on Fish and Game’s Special Animals List), and the least 
Bell’s vireo (federally listed as endangered). Steelhead and coho salmon (both federally listed as 
threatened) are still present, in small numbers, in most of the streams where they historically 
occurred. Mammals that use riparian habitats include gray fox, striped skunk, mole and shrew 
species, and ringtail.  

Higher-elevation riparian vegetation in moist coastal climates includes willow, alder, bay, 
maple, Douglas fir, and sometimes redwood, while valley-bottom riparian communities are 
dominated by sycamore, willow, alder, and cottonwood. Steep coastal streams in the forested Santa 
Cruz and northern Santa Lucia mountains are some of the region’s most intact systems and host 
relatively healthy anadromous fish populations (CDFG, 1996). In contrast, the majority of the 
region’s large river-valley floodplain and riparian forests have been replaced by agriculture, and 
lowland fish assemblages have been severely compromised.  

Seasonal vernal-pool wetland complexes are found in many parts of the region, including the 
Salinas River drainage and coastal dune terraces and mesas of Santa Barbara County, and seasonal 
sag ponds are found along the San Andreas Fault zone, particularly in the eastern portion of San Luis 
Obispo County.  

The San Andreas Fault runs the length of the region and shapes much of the region’s 
geography. Most of the north-south running mountain ranges and valley depressions have been 
formed as a result of pressure between the two continental plates meeting at this fault zone. 
Compression, chemical interaction, and surfacing of ancient seabed sediments have produced 
serpentine soils that are rich in such metals as chromium, nickel, and cobalt, but poor in nutrients. A 
number of plants have adapted to these harsh, near-toxic conditions, resulting in unique, island-like 
ecological communities largely restricted to serpentine areas (Center for Biological Diversity, 2004; 
TNC, 1997). 

The Central Coast’s wide range of habitats has given rise to remarkable biological diversity. 
There are 482 vertebrate species that inhabit the Central Coast region at some point in their life 
cycle, including 283 birds, 87 mammals, 42 reptiles, 25 amphibians, and 45 fish. Of the total 
vertebrate species that inhabit this region, 80 bird taxa, 36 mammalian taxa, 14 reptilian taxa, eight 
amphibian taxa, and 15fish taxa are included on the Special Animals List. Of these, 13 are endemic 
to the Central Coast region, one is endemic to California but introduced to this region, and 24 other 
species found here are endemic to California but not restricted to this region. 
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South Coast: Vegetation, Ownership, and Species of Concern 
 

Table 4.5.3  
Habitat Type and Land Ownership South Coast Bioregion 

Habitat Type Bureau of Land 
Management 

National Park 
Service 

Other Public Private USDA Forest 
Service 

Total Acres 

 Agriculture                    457                      27             15,269         477,833   311    493,897  
 Barren/Other                    284                    193              2,997           29,917    10,371  43,762  

 Conifer                 7,257              28,877           81,594   374,926    492,654  
 Desert                 7,465               8,770           65,196   22,138       103,569  

 Hardwood                 2,444                 1,648             44,131         210,855  144,720   403,797  
 Herbaceous                 1,455                 1,166             84,648         360,949   9,360   457,580  

 Shrub              127,049                14,930           297,648      1,350,960   1,155,210    2,945,798  
 Urban                    512                    247             66,461      1,967,038  7,109   2,041,367  
 Water                    126                        7             12,607           45,161   4,337   62,238  

 Wetland                 4,932            8,575    180   13,687  
 Total Acres              147,050                18,219           566,341      4,598,078   1,728,663    7,058,350  

 Source: Compiled from CAL FIRE, 2003 

The region’s largest river drainages include the Tijuana, San Diego, San Luis Rey, Santa 
Margarita, Santa Ana, San Gabriel, Los Angeles, Santa Clara, and Ventura Rivers. Pine forests occur 
along high-elevation stream reaches, and mountain drainages host mountain yellow-legged frog, 
California redlegged frog, Santa Ana sucker, and Santa Ana speckled dace. Lower-elevation river 
reaches support riparian vegetation species, including cottonwood, willow, sycamore, and coast live 
oak, which provide habitat for such riparian bird species as the least Bell’s vireo, southwestern 
willow flycatcher, Swainson’s thrush, and yellow warbler, as well as the arroyo toad.  

River flow in this bioregion is closely tied to rainfall. In addition, rivers are more intensively 
channelized and managed by dams than those in other regions of California. Remnant steelhead 
runs can be found in the Ventura and Santa Clara Rivers. Other native fish species such as the arroyo 
chub and Santa Ana sucker have exhibited significant declines in number and available habitat 
(Trust for Public Lands, 2001). 

The region is recognized as one of the world’s hotspots of biological diversity and is home to a 
total of 476 vertebrate animal species, approximately 38 percent of all the vertebrate species found 
in California. It is also distinguished by the tremendous population growth and urbanization that 
have transformed the landscape since the 1940s. This intersection of biological resources and 
urbanization has made the South Coast the most-threatened biologically diverse area in the 
continental U.S. (USGS, 2003). More than 150 species of vertebrate animals and 200 species of 
plants are either listed as protected or considered sensitive by wildlife agencies and conservation 
groups (Hunter, 1999). 

The South Coast’s widely variable geography and diverse climate have given rise to remarkable 
biological diversity. There are 476 vertebrate species that inhabit the South Coast Region at some 
point in their life cycle, including 287 birds, 87 mammals, 52 reptiles, 16 amphibians, and 34 fish. Of 
the total vertebrate species that inhabit this region, 82 bird taxa, 40 mammalian taxa, 19 reptilian 
taxa, eight amphibian taxa, and nine fish taxa are included on the Special Animals List. Of these, 14 
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are endemic to the South Coast Region, and 14 other species found here are endemic to California 
but not restricted to this region. 

Sacramento Valley, San Joaquin Valley and Bay Delta: Vegetation, Ownership, and Species of 
Concern 
 

Table 4.5.4  
Habitat Type and Land Ownership Sacramento Valley Bioregion 

Habitat Type Bureau of 
Land 

Management 

Other 
Public 

Private USDA Forest 
Service 

Total Acres 

 Agriculture                642          16,707         1,815,837               141             1,833,327  
 Barren/Other                259            1,337             16,939                  18,535  
 Conifer                  20              121               3,548                    3,689  
 Hardwood            10,173          20,426           489,624                12                520,236  
 Herbaceous            11,940          49,362         1,029,747                17             1,091,067  
 Shrub              6,052              467             26,193                  32,712  
 Urban                277          14,920           305,936                32                321,165  
 Water                487          13,250             40,565                  54,301  
 Wetland                400          24,347             52,527                17                 77,292  
 Total Acres            30,251        140,937         3,780,917               220             3,952,325  

 
 

Table 4.5.5  
Habitat Type and Land Ownership San Joaquin Valley Bioregion 
Habitat Type Bureau of Land 

Management 
Other Public Private USDA 

Forest 
Service 

Total Acres 

 Agriculture                     638          32,383           4,940,368        4,973,389  
 Barren/Other                     128                 99                 2,283          536             3,047  
 Conifer                  5,931            1,611                20,801      54,818           83,161  
 Desert                 34,711          15,350                76,941          127,002  
 Hardwood                 19,633            2,884              151,046       2,723         176,285  
 Herbaceous               208,942          96,035           1,885,587       2,612      2,193,176  
 Shrub                 31,039            1,774                85,046       8,807         126,666  
 Urban                  2,718            9,133              408,623          128         420,603  
 Water                  3,432            4,369                36,021            43,822  
 Wetland                         5          17,285                53,859            71,149  
Total Acres              307,177         180,923           7,660,576     69,624      8,218,300  
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Table 4.5.6  
Habitat Type and Land Ownership Bay Delta Bioregion 
Habitat Type Bureau of Land 

Management 
National Park 

Service 
Other Public Private Total Acres 

 Agriculture                769         9,973        1,354,439         1,365,181  
Barren/Other           52       1,334       1,418                8,320              11,125  
 Conifer              7,388      18,669      44,637            298,755            369,450  
 Desert               22                     12                    35  
 Hardwood              7,131       8,120      83,198            826,585            925,034  
 Herbaceous              1,816      27,051      59,802         1,192,496         1,281,165  
 Shrub            32,072      22,652      67,015            435,993            557,732  
 Urban                  72       4,033      57,640            928,637            990,381  
 Water                146       1,154      41,326              72,199            114,825  
 Wetland                346       1,035      24,953              68,629              94,963  
 Grand Total            49,792      84,048    389,984         5,186,065         5,709,889  

 
The Sacramento Valley, San Joaquin Valley and Bay-Delta Region comprise most of the low-

lying lands of Central California. Much of the region is part of a vast hydrological system that drains 
40 percent of the state’s water. This water, falling as either rain or snow over much of the northern 
and central parts of the state, drains along the Sacramento and San Joaquin rivers into the Delta. In 
the Delta, freshwater from these rivers mixes with saltwater from San Francisco Bay, creating a rich 
and diverse aquatic ecosystem. Encompassing 1,600 square miles of waterways, the San Francisco 
Bay and Delta together form the West Coast’s largest estuary and the second-largest estuary in the 
nation. 

The region has four distinct subregions: the San Francisco Bay Area, the Delta, the Sacramento 
Valley, and the San Joaquin Valley. Each has unique combinations of climate, topography, ecology, 
and land-use patterns.  

The San Francisco Bay Area subregion, the most densely populated area of the state outside of 
the Southern California metropolitan region, consists of the low-lying baylands, aquatic 
environments, and watersheds that drain into San Francisco Bay. It is bounded on the east by the 
Delta subregion, on the north by the North Coast Region, on the south by the Central Coast Region, 
and on the west by the Pacific Ocean. Low coastal mountains surround San Francisco Bay, with 
several peaks rising above 3,000 feet. The region receives 90 percent of its surface water from the 
major Central Valley rivers via the Delta. Other major rivers draining into the Bay include the Napa 
and Petaluma rivers and Sonoma, Petaluma, and Coyote creeks. The Bay Area has relatively cool, 
often foggy summers and cool winters, strongly influenced by marine air masses. Rain falls almost 
exclusively during the winter (October to April) and averages 15–25 inches annually, with occasional 
snowfall at higher elevations. Rainwater runs off rapidly, and most of the smaller streams are dry by 
the end of the summer. 

The topography allows for a variety of different habitats. The Bay itself has both deep and 
shallow estuarine (mixed freshwater and saltwater) environments. In addition to estuarine species, 
the Bay also supports many marine species, including invertebrates, sharks, and even, on occasion, 
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whales. Along the shoreline are coastal salt marsh, coastal scrub, tidal mudflats, and salt ponds. 
Freshwater creeks and marshes, especially those that still have patches of riparian vegetation, are 
home to aquatic invertebrates and freshwater fish. Upland areas support a mixture of grasslands, 
chamise chaparral, and live oak and blue oak woodlands. Small stands of redwood, Douglas fir, and 
tanoak grow in moister areas.  

The Great Central Valley of California contains the other three subregions: the Sacramento 
Valley, the San Joaquin Valley, and the Sacramento–San Joaquin Delta. Together, they form a vast, 
flat valley, approximately 450 miles long and averaging 50 miles wide, with elevations almost 
entirely below 300 feet. The Sutter Buttes, a circular set of 2,000-foot-high hills which rise from the 
middle of the valley floor (promoted locally as the “Smallest Mountain Range in the World”), is the 
only topographic feature that exceeds that height. The Central Valley is surrounded by the Sierra 
Nevada on the east, the coastal ranges on the west, the Tehachapi Mountains on the south, and the 
Klamath and Cascade mountains on the north. Less influenced by marine air than San Francisco Bay, 
the valley’s climate has hot, dry summers and foggy, rainy winters. Annual rainfall averages from 5 
inches to 25 inches, with the least rainfall occurring in the southern portions and along the west side 
(in the rainshadow of the coastal mountains). Agriculture dominates land uses in the Central Valley, 
with very few remnants of natural land remaining.  

The major natural upland habitats are annual grassland, valley oaks on floodplains, and vernal 
pools on raised terraces. The more arid lands of the southern San Joaquin Valley also contain alkali 
sink and saltbush shrublands. Slow-moving rivers along the valley floor provide habitat for fish and 
invertebrates and help maintain adjacent riparian, wetland, and floodplain habitats. 

Hydrology is the main difference between the three Central Valley subregions. The Delta is a 
lowlying area that contains the tidally influenced portions of the Sacramento, San Joaquin, 
Mokelumne, and Cosumnes rivers. The Delta was once a huge marsh formed by the confluence of 
the Sacramento and San Joaquin rivers. Once described as a “terraqueous labyrinth of such intricacy 
that unskillful navigators have been lost for days in it” (Bryant, 1848), it has been extensively 
drained and diked for flood protection and agriculture. Exposure of the rich, organic soils behind 
these levees has increased oxidation rates to such an extent that the land is breaking down and 
much of the surface has now subsided below sea level. Due to its natural patterns of flooding, the 
Delta is relatively less populated than the other subregions. The second subregion, the Sacramento 
Valley, contains the Sacramento River, the largest river in the state. This river historically overflowed 
into several low-lying areas, particularly in its lower reaches. 

The lower 180 miles of the river, below Chico Landing, are now constrained by levees, and 
excess floodwaters are diverted into large bypasses to reduce risks to people. 

The third subregion of the Central Valley, the San Joaquin Valley, has two distinct, or separate, 
drainages. In the northern portion, the San Joaquin River flows north toward the Delta. It captures 
water via several major rivers that drain the central Sierra Nevada. The southern portion of the 
valley is isolated from the ocean and drains into the closed Tulare Basin, which includes the beds of 
the former Tulare, Buena Vista, and Kern lakes. These lakes and vast wetlands historically were fed 
by the rivers that drain the southern Sierra Nevada (the Kings, Kaweah, Tule, and Kern). These lakes 
are now dry most of the time because water has been diverted to upland agriculture. Runoff during 
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the wettest years will occasionally flood out of river channels and temporarily refill some of these 
lakebeds. The California Aqueduct extends along the entire western edge of the valley, delivering 
water from the Delta to farmers in the Tulare basin and over the Tehachapi Mountains to Southern 
California. The wildlife of this region is beset by a wide variety of stressors, described below. The 
major problem has been the loss, degradation, and fragmentation of habitats, both terrestrial and 
aquatic, due to the development of agriculture and urban areas. Many of the streams have been 
dammed, blocking fish migration, or have been so severely degraded that they are no longer usable 
by salmon. Flood control structures, such as dikes, levees, and hardened embankments (riprap), 
have altered floodplain habitats like riparian forests and wetlands throughout the region. Many 
other species that persist on the remaining habitat fragments are at risk of local or rangewide 
extinction. Ninety-five percent of the historic Central Valley salmon habitat has been lost (CDFG, 
1993). 

This region is primarily in private ownership, and the role of private landowners is very 
important for conservation. More than 75 percent of the known California locations of 32 animal 
species of concern occur predominately on private lands. Examples of these species include 
Swainson’s hawk, burrowing owl, San Pablo vole, and Buena Vista Lake shrew. 

Improvement in the status and sustainability of this bioregions four runs of Chinook salmon is 
an important resource management goal. Reservoir dams block access to historically available 
Chinook salmon and steelhead spawning and rearing habitat. The current extent of spawning 
habitat available for salmonids (approximately 300 miles) is 5 percent of that available historically 
(Trust for Public Lands, 2001). Dams have also interrupted the recruitment of coarse sediment and 
organic material to downstream reaches. Central Valley reservoirs support sport fisheries composed 
primarily of non-native species or hatchery supplemented fish populations. 

There are 490 vertebrate species that inhabit the Central Valley and Bay-Delta Region at some 
point in their life cycle, including 279 birds, 88 mammals, 40 reptiles, 18 amphibians, and 65 fish. Of 
the total vertebrate species that inhabit this region, 80 bird taxa, 38 mammalian taxa, 11 reptilian 
taxa, six amphibian taxa, and 25 fish taxa are included on the California Department of Fish and 
Game’s Special Animals List. Of these, 20 are endemic to the Central Valley and Bay-Delta Region, 
and 28 other species found here are endemic to California but not restricted to this region. 
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Modoc: Vegetation, Ownership, and Species of Concern       
 

Table 4.5.7  
Habitat Type and Land Ownership Modoc Bioregion 
Habitat Type Bureau of 

Land 
Management 

National 
Park 

Service 

Other 
Public 

Private USDA 
Forest 
Service 

Total Acres 

 Agriculture           4,305            59     46,807        432,363           1,705        485,238  
 Barren/Other         34,965     12,022       2,545          36,480          37,382        123,395  
 Conifer       255,052     87,102     27,471      1,386,775     1,701,909     3,458,309  
 Desert         48,732      12,506          42,282                  7        103,527  
 Hardwood         13,808          447     23,846        249,127          58,361        345,589  
 Herbaceous           9,346            62     17,678        128,119          32,119        187,323  
 Shrub     1,027,076     51,457   115,633        939,230        960,938     3,094,335  
 Urban              376            62       6,301          16,729              171          23,638  
 Water         13,060       1,960   114,296        189,774          43,646        362,736  
 Wetland           9,338          687     14,260          94,271          19,628        138,184  
 Total Acres     1,416,057   153,858   381,343      3,515,151     2,855,866     8,322,274  

The Modoc Plateau Region is located in the northeastern corner of the state, framed by and 
including the Warner Mountains and Surprise Valley along the Nevada border to the east and 
extending west to the edge of the southern Cascades Range. The region extends north to the 
Oregon border and south to include the Skedaddle Mountains and the Honey Lake Basin. 

A million years ago, layered lava flows formed the 4,000-5,000 foot elevation Modoc Plateau, 
separating the watersheds of the region from the Klamath drainage to the northwest. The waters of 
the western slope of the Warner Mountains and the Modoc Plateau carved a new course, the Pit 
River, flowing to the southwest through the Cascades and joining the Sacramento River. 

Situated on the western edge of the Great Basin, the Modoc Plateau historically has supported 
high desert plant communities and ecosystems similar to that region-shrub-steppe, perennial 
grasslands, sagebrush, antelope bitterbrush, mountain mahogany, and juniper woodlands. 
Sagebrush plant communities are characteristic of the region, providing important habitat for 
sagebrush-dependent wildlife. Conifer forests dominate the higher elevations of the Warner 
Mountains and the smaller volcanic mountain ranges and hills that shape the region. Wetland, 
spring, meadow, vernal pool, riparian, and aspen communities scattered across the rugged and 
otherwise dry desert landscape support diverse wildlife. The region has varied aquatic habitats, 
from high mountain streams to the alkaline waters of Goose Lake and Eagle Lake to clear spring 
waters of Fall River and Ash Creek. 

Northeastern California is an outstanding region for wildlife, providing habitat for mountain 
lion, mule deer, pronghorn, Rocky Mountain elk, greater sage-grouse, and the colorful waterfowl of 
the Pacific Flyway that funnel through the area during their annual migrations.  

Golden eagles, peregrine and prairie falcons, northern goshawks, sandhill cranes, and American 
white pelicans nest and hunt or forage in the region. The varied aquatic habitats and natural 
barriers along the Pit River and its tributaries have allowed the evolution of several unique aquatic 
communities that include endemic fish and invertebrates. 
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Sixty percent of the region is federally managed; the Forest Service manages 30 percent, BLM 
manages 26 percent, and the Fish and Wildlife Service and the Department of Defense each manage 
about 2 percent of the lands. State Fish and Game manages 1 percent of the region as wildlife areas. 
About 37 percent of the lands are privately owned or belong to municipalities. 

Only 9 percent of the forests and rangelands of the Modoc region are designated as reserves, 
such as wilderness areas, less than is protected in other regions of the state except the Central 
Valley. The wilderness areas and refuges in the region are grazed by livestock (CAL FIRE, 2003). The 
combined total of lands managed by State Parks and the National Park Service is about 2,500 acres.  

There are 399 vertebrate species that inhabit the Modoc Plateau region at some point in their 
life cycle, including 235 birds, 97 mammals, 23 reptiles, six amphibians, and 38 fish. Of the total 
vertebrate species that inhabit this region, 57 bird taxa, 21 mammalian taxa, three reptilian taxa, 
one amphibian taxon, and 20 fish taxa are included on the Special Animals List. Of these, three are 
endemic to the Modoc Plateau region, one is endemic to California but introduced to this region, 
and three species found here are endemic to California but not restricted to this region. 

Many of the region’s plant communities and ecosystems have been substantially altered or 
degraded over the last 120 years by a combination of stressors. Despite being in one of the least-
developed regions of the state, the sagebrush, perennial bunchgrass, aspen, bitterbrush, and 
mountain mahogany habitats of the Modoc Plateau are among the most threatened ecosystems of 
North America (TNC, 2001). Aspen stands are in sharp decline (Di Orio et al., 2005). Many of the 
meadow and riparian areas are overgrazed or are suffering from encroachment by juniper, pine, fir, 
and invasive plants (Loft et al., 1998; USFS, 2001; 1991).  

Sierra Nevada and Cascade: Vegetation, Ownership, and Species of Concern 
 

Table 4.5.8  
Habitat Type and Land Ownership Sierra Bioregion 
Habitat Type Bureau of 

Land 
Management 

National Park 
Service 

Other Public Private USDA Forest 
Service 

Total Acres 

Agriculture               7,302                     7              4,618       313,117            1,174        326,219  
Barren/Other              19,052           438,446            74,937         43,629        783,959     1,360,024  
Conifer            181,210           938,835            73,336     1,610,067      5,036,697     7,840,145  
Desert            277,168           210,376         28,044        150,487        666,075  
Hardwood            139,056           127,978            92,034     1,912,131        528,287     2,799,487  
Herbaceous              59,206              8,874            22,553     1,536,798        120,076     1,747,507  
Shrub            486,234             62,597            83,645       632,787      1,662,552     2,927,816  
Urban               1,142                 623              7,757       161,216            6,074        176,811  
Water               7,767             20,198            42,169       202,503          87,784        360,420  
Wetland               1,384             19,672              9,148         20,969          44,541          95,714  
Total Acres         1,179,520        1,617,231          620,573     6,461,262      8,421,631   18,300,217  

Extending approximately 525 miles from north to south, the Sierra Nevada and Cascade ranges 
form the spine of the California landscape. The mostly volcanic southern Cascades stretch from 
north of the Oregon border southeastward, merging just south of Mt. Lassen with the northern 
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reaches of the predominantly granitic Sierra Nevada. To the south, the Sierra Nevada embraces the 
Mojave Desert to the east and curves south to link with the Tehachapi Mountains. The region 
includes the oak woodland foothills on the western slopes of the Sierra and Cascade ranges and, on 
the east, the Owens Valley and edges of the Great Basin.  

On the west side, the slope of the Sierra Nevada and Cascades rises gradually from near sea 
level at the floor of the Central Valley to ridges ranging from 6,000 feet in the north to 14,000 feet 
in the south, then dropping off sharply to the east. 

Unlike the Sierra, however, the east side of the Cascades slopes gradually. As the Sierra 
elevation increases from west to east, life zones transition from chaparral and oak woodlands to 
lower-level montane forests of ponderosa and sugar pine to upper montane forests of firs, Jeffrey 
and lodgepole pine and, above timberline, to alpine plant communities. 

Federal agencies manage about 61 percent of the Sierra Nevada and Cascades: 46 percent by 
the Forest Service, 8 percent by the National Park Service, and 7 percent by the Bureau of Land 
Management. About 2 million acres are wilderness areas, mostly in the eastern and southern Sierra, 
managed by the Forest Service. Lands managed by the National Park Service include Lassen 
Volcanic, Sequoia, Kings Canyon, and Yosemite national parks and Devils Postpile National 
Monument. State parks and wildlife areas account for 1 percent of the region, and the remaining, 
approximately 36 percent of the Sierra and Cascades, is privately owned. Most of the higher 
elevations and the eastern Sierra are public lands, whereas most of the oak woodlands and lower 
mixed conifer forests and rangelands below 3,000 feet on the western slope are in private 
ownership. There is a checkerboard ownership pattern of private and public lands in areas of the 
northern half of the Sierra that lie near historical railway routes (California Resources Agency, 2004; 
SNEP, 1996).  

About 40 percent of the state’s surface-water runoff flows to the Central Valley from the Sierra 
and Cascades. These flows are critical to meet California’s hydropower demands and agricultural 
and drinking water needs. Much of the water is stored in reservoirs and is conveyed by aqueducts to 
irrigate agriculture from Redding to Bakersfield and to provide drinking water for most of urbanized 
California, including the San Francisco Bay Area and Southern California (DWR, 1998).  

Streams of the eastern Sierra Nevada make up the Lahontan system. Stream habitat structure 
and condition are similar across the system which has resulted in a relatively low number of native 
fish species (8). Introduced brook, rainbow, and brown trout have largely replaced native Lahontan 
and Paiute cutthroat trout. Paiute sculpin, mountain sucker, mountain whitefish, and speckled dace 
become an increasingly important part of the fish fauna as stream gradients decrease and the 
frequency of pool habitats increase. 

The hundreds of creeks and streams of the western slope of the Sierra and Cascades drain via a 
dozen major river basins to merge with the Sacramento River in the north and the San Joaquin River 
in the south, eventually joining at the San Francisco Bay Delta. The southern forks of the Kings River 
and streams further south drain into the Tulare basin. The streams east of the Sierra crest flow into 
the Great Basin via the Lahontan, Mono, and Owens drainages. Many of the springs and creeks of 
northeastern California drain via the Pit River, which winds through the Cascades and joins the 



Biological Resources 
 

 

 
California Department of Forestry and Fire Protection 4.5-18 
Vegetation Treatment Program 
Draft Environmental Impact Report 
 

Sacramento River at Lake Shasta. Maintaining and restoring the ecological health of these 
watersheds and aquatic systems is important to ensure clean water.  

Bold topography, the large elevation gradient, and varied climatic conditions of the Sierra and 
Cascades support diverse plant communities. Fifty percent of California’s 7,000 vascular plants are 
found in the region, and more than 400 plant species are endemic (Shevock, 1996). The varied 
conditions and floristically and structurally diverse plant communities provide a large array of 
habitats important for maintaining California’s wildlife diversity and abundance. 

The altered forest ecosystems of the Sierra and Cascades largely lack the qualities of old-growth 
forests or late-seral stage forests (forests that are in the later stages of development with large-
diameter trees, snags, and logs) that are important for diverse and abundant wildlife (Franklin and 
Fites-Kaufman, 1996, USFS, 2001). Species that depend on old-growth or late-seral stage forest 
habitat, like the Pacific fisher, have been negatively affected. The degradation of mountain 
meadows and loss of willows and other riparian woody plants have affected the endangered willow 
flycatcher and other species that have similar habitat requirements.  

New conservation challenges and opportunities will affect the Sierra and Cascade ranges in the 
next few decades. How new development is managed will determine the extent of wildlife habitat 
fragmentation. Changing global climate will alter depth and seasonality of snowpack, further 
modifying river flow regimes and ecosystems. The relicensing of hydropower projects provides an 
opportunity to change hydropower operations to reduce their effects on fish and wildlife.  

Concerned about the decline of old forests and associated wildlife species of the region, 
Congress funded, in 1993, the Sierra Nevada Ecosystem Project (SNEP), based at U.C. Davis, for the 
“scientific review of the remaining old growth in the national forests of the Sierra Nevada in 
California, and for the study of the entire Sierra Nevada ecosystem by an independent panel of 
scientists, with expertise in diverse areas related to this issue.” The forests of the Sierra, Cascades, 
and the Modoc Plateau were evaluated by a multidisciplinary team of scientists from many 
organizations.  

SNEP completed its work and published a three-volume report in 1996. Based on the work of 
dozens of scientists, the report analyzed the status of conifer forests, rangelands, meadow and 
riparian plant communities, and aquatic ecosystems, and suggested alternatives to restore 
ecosystems. SNEP concluded that aquatic and riparian systems are the most altered and impaired 
habitats of the Sierra Nevada and Cascades. Among other critical findings, SNEP found that key 
causes of the decline of mammals, birds, and other vertebrates in the Sierra, Cascades, and Modoc 
regions include the loss and degradation of riparian areas, foothill woodlands, and diverse old forest 
habitats (including large trees, snags, fallen logs, and layered vegetative structure).  

Meanwhile, a 1992 technical report by the Forest Service’s Pacific Southwest Research Station 
highlighting at-risk California spotted owl populations triggered challenges and debate. That debate 
prompted the Forest Service to initiate a multiyear planning process that resulted in the Sierra 
Nevada Framework for Conservation and Collaboration, which evolved into the Sierra Nevada 
Forest Plan Amendment Final Environmental Impact Statement (SNFPA) covering the national 
forests of the Sierra, Cascades, and Modoc regions. In January 2001, The U.S. Forest Service 
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announced the SNFPA Record of Decision, describing chosen management options. In January 2004, 
the SNFPA was amended, reducing livestock-grazing and timber-harvest restrictions and giving the 
Forest Service greater management discretion.  

There are 572 vertebrate species that inhabit the Sierra Nevada and Cascades region at some 
point in their life cycle, including 293 birds, 135 mammals, 46 reptiles, 37 amphibians, and 61 fish. 
Of the total vertebrate species that inhabit this region, 83 bird taxa, 41 mammalian taxa, 12 
reptilian taxa, 23 amphibian taxa, and 31 fish taxa are included on the Special Animals List. Of these, 
26 are endemic to the Sierra Nevada and Cascades Region, two are endemic to California but 
introduced in this region, and 26 other species found here are endemic to California but not 
restricted to this region. 

Mojave: Vegetation, Ownership, and Species of Concern 
 

Table 4.5.8  
Habitat Type and Land Ownership Mojave Bioregion 
Habitat Type Bureau of Land 

Management 
National 

Park 
Service 

Other 
Public 

Private USDA 
Forest 
Service 

Total Acres 

 Agriculture            1,418            3,548      181,022          25       186,014  

 Barren/Other          54,220      226,922        47,645        23,569      2,291       454,647  

 Conifer        185,757      202,935          4,305       19,053      2,326       614,376  
 Desert     7,287,723   4,352,961   2,788,577   3,113,871    26,131   17,569,264  

 Hardwood            8,787              25             146        34,355         875         44,187  
 Herbaceous          52,752           4,352        83,608      4,848       145,560  

 Shrub        156,848      152,783        17,352      196,726    20,082       543,790  
 Urban          13,593          2,454        42,769      281,836           82       340,734  
 Water            9,578          2,078          2,523        20,075         166         34,419  

 Wetland              232            741             101             736           47           1,858  
Total Acres    7,770,908   4,940,899   3,081,318   4,054,851    86,872   19,934,849  

About 80 percent of the Mojave Desert in California is managed by federal agencies. The 
Bureau of Land Management (BLM), the largest land manager of the region, oversees 8 million 
acres, or 41 percent, of the federally owned sector. The National Park Service manages the Mojave 
National Preserve and Death Valley and Joshua Tree National Parks, which account for another 26 
percent of the region. The Department of Defense manages five military bases that cover about 13 
percent of the region. State Parks and Fish and Game wildlife areas account for just 0.32 percent of 
the region. About 18 percent of the region belongs to private landowners or municipalities 
(California Resources Agency 1998, 2004). 

The Amargosa and Mohave Rivers are found in this bioregion and provide habitat for the desert 
pupfish and other pupfish species. 

There are 439 vertebrate species that inhabit the Mojave Desert Region at some point in their 
life cycle, including 252 birds, 101 mammals, 57 reptiles, 10 amphibians, and 19 fish. Of the total 
vertebrate species that inhabit this region, 69 bird taxa, 38 mammalian taxa, 15 reptilian taxa, four 
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amphibian taxa, and nine fish taxa are included on the Special Animals List. Of these, 14 are 
endemic to the Mojave Desert Region, one is endemic to California but introduced to this region, 
and 15 other species found here are endemic to California but not restricted to this region. 

Colorado Desert: Vegetation, Ownership, and Species of Concern 
 

Table 4.5.9  
Habitat Type and Land Ownership Colorado Desert Bioregion 
Habitat Type Bureau of 

Land 
Management 

National 
Park 

Service 

Other 
Public 

Private USDA 
Forest 
Service 

Total 
Acres 

 Agriculture             26,018           31,748      763,331              5     821,102  

 Barren/Other             88,891            54           9,103          2,224            30     100,303  

 Conifer             16,685       1,045         54,907          7,653        1,287       81,577  

 Desert        2,596,517   324,553    1,083,300      969,928        1,401  4,975,699  

 Hardwood                 867            2,231          3,590           625         7,314  

 Herbaceous               3,373          53,054          3,781            12       60,220  

 Shrub             78,965        110,036        85,827        5,651     280,479  

 Urban               8,281          109           7,428      161,876            35     177,728  
 Water               5,706          56,923      189,604      252,233  

 Wetland                     2              628             630  

 Total Acres        2,825,304   325,761    1,408,731   2,188,442        9,047  6,757,284  

The region’s terrestrial habitats include creosote bush scrub; mixed scrub, including yucca and 
cholla cactus; desert saltbush; sandy soil grasslands; and desert dunes. Higher elevations are 
dominated by pinyon pine and California juniper, with areas of manzanita and Coulter pine. In 
addition to hardy perennials, more than half of the desert’s plant species are herbaceous annuals, 
and appropriately timed winter rains produce abundant early spring wildflowers. In the southern 
portion of the region, the additional moisture supplied by summer rainfall fosters the germination 
of summer annual plants and supports smoketree, ironwood, and palo verde trees.  

In the Colorado Desert’s arid environment, aquatic and wetland habitats are limited in extent 
but are critically important to wildlife. Runoff from seasonal rains and groundwater springs forms 
canyonmouth- associated alluvial fans, desert arroyos, desert fan palm oases, freshwater marshes, 
brine lakes, desert washes, ephemeral and perennial streams, and riparian vegetation communities 
dominated by cottonwood, willow, and non-native tamarisk. Two of the region’s most significant 
aquatic systems are the Salton Sea and the Colorado River. 

While most desert wildlife depends on aquatic habitats as water sources, a number of species, 
such as arroyo toad, desert pupfish, Yuma clapper rail, and southwestern willow flycatcher, are 
restricted to these habitats. In some places, summer rains produce short-lived seasonal pools that 
host uncommon species like Couch’s spadefoot toad. 
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Desert fan palm oases are rare ecological communities found only in the Colorado Desert here 
permanent water sources are available. With an overstory of desert fan palm trees, these 
communities provide unique islands of shade, moisture, and vegetation in an otherwise arid and 
sparse landscape.  

The BLM administers about 2.9 million acres, or 43.1 percent of the region. Department of 
Defense lands account for about 500,000 acres, or 7 percent, of the region and are the bioregions 
largest land manager. Joshua Tree National Park spans the transition from the Mojave to the 
Colorado Desert, with slightly less than half the park, about 340,000 acres, in the Colorado Desert. 
Anza Borrego Desert State Park encompasses over 600,000 acres, or nearly 9 percent, of the region, 
and the Santa Rosa Wildlife Area, which includes Fish and Game, State Lands Commission, and BLM 
lands, encompasses about 100,000 acres. 

Together, Joshua Tree National Park, Anza Borrego Desert State Park, and the Santa Rosa 
Wildlife Area, along with other protected lands in the Mojave Desert, are part of the Mojave and 
Colorado Deserts Biosphere Reserve, designated by the United Nations as an important global site 
for preservation of the biological and cultural resources of these two desert regions.  

The diverse wildlife inhabiting the Colorado Desert includes many species specially adapted to 
the unique desert habitats. There are 481 vertebrate species that inhabit the region at some point 
in their life cycle, including 282 birds, 82 mammals, 66 reptiles, 16 amphibians, and 35 fish. Of these 
vertebrate species, 84 bird taxa, 34 mammalian taxa, 21 reptilian taxa, five amphibian taxa, and four 
fish taxa are in included on the Special Animals List. Of these, four are endemic to the Colorado 
Desert region, and four other species found here are endemic to California but not restrict to this 
region.  
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4.5.1 Aquatics 

4.5.1.1 Introduction 

While the conservation of all aquatic habitat remains a priority in the management of 
vegetation treatment projects, management practices for the conservation of threatened and 
endangered salmonids is of primary concern. The freshwater habitat for salmonids and other 
aquatic species has been heavily impacted by land management and development practices. Timber 
management, commercial fishing, rural development, and limited agriculture have been on-going 
since the mid-1800s. In many respects, the condition of stream systems within California 
contributes to the pattern and distribution of salmonid and other species listings. The California 
Advisory Committee on Salmon and Steelhead Trout (CACSST, 1988) reported habitat blockages and 
fragmentation, logging and agricultural activities, urbanization, and water withdrawals as the most 
predominant problems for anadromous salmonids in California's coastal basins. Most major rivers 
draining the Sierra Nevada Mountains are dammed at foothill elevations. Introduction of non-native 
fish species is also considered one of the three main reasons (habitat change and over-fishing being 
the other two) for the endangerment or extinction of what once were some of the most abundant 
native fish species in aboriginal California (Moyle, 1976). Introduced fish species make up 53 of the 
120 freshwater species found in California (Moyle and Davis, 2000). These species, now the most 
abundant fish in many of California’s waterways, were introduced primarily to improve sport and 
commercial fishing, as an agent of pest control, for agriculture, or by accident. The introductions 
have generally worked in concert with habitat degradation to force the extirpation or extinction of 
native species through introduction of disease, competition for food or space, predation, habitat 
change brought about by the introduced species, or genetic swamping through hybridization 
(Moyle, 1976). A total of 34 species and subspecies of fishes are listed as either threatened or 
endangered by the State of California or the federal government (http://www.dfg.ca.gov/hcpb/ 
species/t_e_spp/tefish/tefisha.shtml). 

Board of Forestry Anadromous Salmonid Protection Rules 

In 2009 the California Board of Forestry adopted new rules to enhance the protection of 
anadromous salmonids and anadromous salmonid habitat. These rules, known as the Anadromous 
Salmonid Protection (ASP) rules replace the Threatened or Impaired Watershed Rules (T/I Rules) 
that had been in place since 2000. The new rules are based on current science and are consistent 
with partner agency mandates.  

The primary objective of the ASP rules is to implement practices to maintain, protect and 
contribute to restoration of properly functioning salmonid habitat and repair conditions detrimental 
to the species or species habitat. Practices to meet the new ASP objectives include thinning for 
increased conifer growth; felling or yarding trees for wood placement in the channel; restoration of 
conifer deficient areas; management to promote a mix of conifers and hardwoods; abandonment 
and upgrading of non- functioning or high risk roads, watercourse crossings, tractor roads, and 
landings; and fuel hazard reduction activities that will reduce fire hazards and stand replacing 
wildfires which would result in significant adverse effects to salmonid species or riparian habitat. 

http://www.dfg.ca.gov/hcpb/species/t_e_spp/tefish/tefisha.shtml
http://www.dfg.ca.gov/hcpb/species/t_e_spp/tefish/tefisha.shtml
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The ASP rules apply in planning watersheds with state or federally listed anadromous 
salmonids, and those planning watersheds that may not currently have anadromous salmonids but 
are restorable. The ASP rules do not apply where there is an approved Habitat Conservation Plan 
(HCP) that addresses anadromous salmonid protection; a valid Incidental Take Permit (ITP) issued by 
California Department of Fish and Game (DFG); a valid Natural Community Conservation Planning 
(NCCP) permit approved by DFG; or project revisions, guidelines, or take avoidance measures 
pursuant to a Memorandum of Understanding (MOU) or a planning agreement between the plan 
submitter and DFG in preparation of obtaining a NCCP that addresses anadromous salmonid 
protection.  

To reduce adverse impacts from transported fine sediment, the new rules also apply to 
planning watersheds immediately upstream of and contiguous to any watershed with listed 
anadromous salmonids. Projects in other watersheds further upstream that flow into watersheds 
with listed anadromous salmonids may be subject to these provisions based on a cumulative 
impacts assessment. These requirements do not apply to upstream watersheds where permanent 
dams trap and prevent downstream transport of fine sediments. 

The new ASP rules also contain a geographic element with the establishment of the Coastal 
Anadromy Zone (see Figure 4.5.1). More conservative prescriptions apply to Class I and II 
watercourses within the Coastal Anadromy Zone (CAZ). Protection measures also vary by forest 
district within the CAZ.  

Flood prone areas and channel migration 
zones also receive additional protection as these 
are important spawning and rearing habitat for 
listed species. Large Class II watercourses 
located near Class I confluences are considered 
“biological hotspots” and additional protection 
measures are also now required for these areas. 
For the smallest headwater streams (standard 
Class II watercourses and Class III watercourses), 
additional protection is required to ensure 
adequate bank stability and sources of wood to 
slow sediment transport down into fish bearing 
watercourses. 

To address site and regional variability, the 
new ASP rules incorporate a site-specific plan 
section that both recognizes the high degree of 
biological and physical variability throughout 
the state and provides flexibility for landowners, 
while meeting or exceeding the results of the 
prescriptive standards. The California Board of Forestry has assembled a technical advisory 
committee to assist in the implementation of the new planning section of the ASP rules. For more 
information see http://www.bof.fire.ca.gov/board_committees/vtac.  

 
Figure 4.5.1 Coastal Anadromy Zone 1 

http://www.bof.fire.ca.gov/board_committees/vtac/
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4.5.1.2 Overview of Aquatic Habitat Conditions 

Riparian Function 

Riparian lands include instream habitat and stream channels, adjacent floodplains, and 
wetlands. These lands form a critical link between stream channels and the hillslope processes that 
deliver material to the channels (Murphy and Meehan, 1991). Water is present at or near the soil 
surface during all or part of the year, resulting in variable soil moisture conditions and distinct plant 
communities. Periodic flooding causes habitat disturbances that produce greater natural plant 
diversity than is present in the surrounding upland areas. The area adjacent to streams also 
contributes substantially to the quality of aquatic habitat.  

Riparian vegetation provides shade, contributes organic matter and nutrients to streams, helps 
stabilize stream banks, and provides habitat for a variety of plants and animals (Gregory et al., 
1991). Riparian floodplain vegetation buffers the effects of flooding on downstream areas by 
decreasing stream velocity over floodplain areas and increasing storage time for flood waters, which 
may also result in sediment deposition on the floodplain (Bisson et al., 1987; Spence et al., 1996). 
Subsequent growth of riparian vegetation can help stabilize these floodplain deposits, while the 
deposited sediments can provide valuable nutrients for the vegetation. Lateral channel migration 
frequently undermines riparian vegetation, resulting in the introduction (recruitment) of large wood 
(and sediment) to the stream channel. Large wood may also be recruited into the channel directly 
by treefall from adjacent riparian zones or from hillslopes by means of episodic mass soil movement 
or windthrow (Bisson et al., 1987; Spence et al., 1996).  

Riparian vegetation can also be important in regulating stream water temperature. The 
temperature of water entering headwater streams in forested ecosystems is typically close to that 
of the subsoil environment. As this water flows through the stream system, water temperature 
becomes increasingly influenced by solar radiation and ambient air temperature (Burns, 1972; 
Beschta et al., 1987). Warm water temperatures that occur during the summer low-flow period 
because of increased solar radiation are of particular concern. Above specific thresholds, higher 
stream temperatures may limit the survival and growth of salmonids (Bjornn and Reiser, 1991), 
some amphibians (Claussen, 1973; Nussbaum et al., 1983; Leonard et al., 1993; Hayes, 1996), and 
other aquatic species. The amount of streamside canopy provided by riparian vegetation is a major 
factor affecting the amount of solar radiation reaching the stream surface. The degree of stream 
shading provided by riparian vegetation affects daily water temperature, as well as the magnitude 
of daily or seasonal fluctuation in water temperature. Vegetation management activities in the 
riparian zone have the potential to reduce stream shading, which may result in increased water 
temperature and pose a significant threat to the survival of juvenile salmonids. The potential for 
increases in water temperature are generally greatest during summer low flow periods because of 
increased solar radiation, reduced inflow from cold groundwater sources, and the more limited 
availability of thermal refugia (e.g., reduced pool depth) compared with periods of higher stream 
flow (Beschta et al., 1995; Spence et al., 1996).  

Headwater Stream Ecosystems  

Headwater streams and drainages (Forest Practice Rule Class II and III) are areas that contribute 
to stream ecosystem function. These areas can represent 60-80% of total channel length in 
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mountainous terrain (May and Gresswell, 2003). These small streams contribute structural 
components such as large woody debris, spawning gravels and stream substrate, and invertebrate 
and detritus inputs. These sites also contribute to water quality and provide for storage of 
potentially deleterious fine sediment. Similarly, they can have a strong influence on the rates of 
sediment and wood delivery to larger watercourses, and consequently, habitat value for a variety of 
aquatic and semi-aquatic vertebrates and other biota (Welsh et al., 1998).  

Disturbance as an influence on the structure and function of stream ecosystems has been 
extensively studied and reinforces the concept of the “river continuum” (Vannote et al., 1980). That 
being that energy and organic material inputs to stream processes change in a predictable way 
along the stream course from headwaters to downstream reaches. A variety of land uses, including 
timber harvest and forest management, can influence background erosion and sedimentation 
regimes, recruitment of large woody debris and other ecological processes. The delivery, time in 
residence, and transport of these additional sediments and woody debris influence stream channel 
conditions and associated biota. Change in vegetation in the vicinity of headwater streams can 
markedly alter the function of these stream types and those larger stream systems supported. 
Change in the efficiency of the channel to recharge groundwater, meter trapped sediments and 
water flow, and process organic material and other nutrients for use by aquatic biota downstream 
can be expected. Past management practices that reduce local sources of wood and rate of wood 
recruitment increase the relative importance of wood contributed by debris flows in colluvial 
tributaries where this means of recruitment occurs.  

The type of disturbance also can have markedly different results on the structure and function 
of stream and associated riparian ecosystem processes. Floods, fire, and mass wasting events are 
generally less frequent and result in large localized changes to stream system, whereas, timber 
harvest, land conversion, agricultural and urban development are more frequent and regional in 
effects. For example, regionally, the “natural” (fire, flood) and man induced (timber harvest, land 
conversion) disturbance regime within the redwood zone likely exceeds that under which the plant 
community and associated biota evolved (Reeves et al., 1995; Sawyer et al., 2000). Stream 
communities, as shaped by past and present disturbance events have led to widespread and long-
lasting alteration of stream conditions. Principle among these is alteration of the amount, size, and 
recruitment of large woody debris and coincident metering of sediments through the stream 
system. Large woody debris increases the sediment storage capacity of headwater streams. With 
sufficient wood inputs, low-order channels have the potential of storing large volumes of sediment 
and are one of the dominant sediment storage reservoirs. 

Headwater Habitat Relationships    

Because of the small size of headwaters and close connection with uplands, these areas are 
readily influenced by adjacent land uses. Species that inhabit headwater environments can be 
especially vulnerable to habitat alteration. These species, amphibians and other taxa, generally 
achieve higher population densities in headwater habitats. In addition, individual species inhabiting 
headwater habitats generally exhibit low levels of vagility (mobility) sometimes spending their 
entire life cycle in a few square meters of habitat. Recolonization of suitable vacant habitat may 
require extensive periods of time or, lacking movement into vacant habitat, result in local 
population extirpation. 
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Headwater stream reaches, lacking fish populations, provide areas with little or no fish 
predation pressure to the benefit of several aquatic and semi-aquatic amphibians. For example, 
amphibians that breed primarily in stream habitats represent a large component of stream biomass 
and in the Pacific Northwest may exceed fish in both numbers and biomass (Hawkins et al., 1983). 
Welsh and Ollivier (1998) examined the impact of sediments on aquatic amphibian densities in coast 
redwood. Three species were sampled in numbers sufficient to be informative: tailed frog (Ascaphus 
truei, larvae), Pacific giant salamander (Dicamptodon tenebrosus, paedomorphs and larvae), and 
southern torrent salamander (Rhyacotriton variegatus, adults and larvae). Densities of amphibians 
were significantly lower in the streams impacted by sediment. While sediment effects were species-
specific, reflecting differential use of stream microhabitats, the shared vulnerability of these species 
to infusions of fine sediments was probably the result of their common reliance on interstitial 
spaces in the streambed matrix for critical life requisites, such as cover and foraging. 

Sources of Large Wood Recruitment and Delivery Mechanisms 

Numerous studies have shown that large wood is an important component of fish habitat 
(Swanson et al., 1976; Bisson et al., 1987). Trees entering stream channels are critical for sediment 
retention (Keller and Swanson, 1979; Sedell et al., 1988), gradient modification (Bilby, 1979), 
structural diversity (Ralph et al., 1994), nutrient production (Cummins, 1974), and protective cover 
from predators.  

The potential for trees to enter a stream channel from tree mortality, windthrow, and bank 
undercutting in the riparian zone is mainly a function of slope distance from the stream channel in 
relationship to tree height. As a result, the zone of influence for large wood recruitment is 
determined by specific stand characteristics rather than an absolute distance from the stream 
channel or floodplain. Slope and prevailing wind direction are other factors that can affect the 
amount of large wood recruited to a stream (Spence et al., 1996). 

The Forest Ecosystem Management Assessment Team (FEMAT) concluded that the probability 
of wood entering the active stream channel from greater than one tree height is generally low 
(Thomas, et al., 1993). Two widely used models of large wood recruitment also assume that large 
wood from areas outside one tree height seldom reaches the stream channel (Van Sickle and 
Gregory, 1990; Robison and Beschta, 1990). Cederholm (1994) reviewed the literature regarding 
recommendations of buffer widths for maintaining recruitment of large wood to streams and found 
that most authors recommended buffers of 100 to 200 feet to maintain this function. A number of 
studies suggest buffers approaching one site-potential tree height are sufficient to maintain 
100 percent natural levels of recruitment of instream large wood (Spence et al., 1996).  

The potential size distribution of large wood is also an important factor when considering the 
appropriate activities in buffer strips relative to large wood potential recruitment. Larger pieces of 
wood form key structural elements in streams, which serve to retain smaller debris that would 
otherwise be transported downstream during high flows (Murphy, 1995). In addition to the amount 
and size of large wood input, the species of large wood contributed is also important. Coniferous 
large wood significantly outlasts deciduous large wood in the stream system (Harmon et al., 1986; 
Grette, 1985). As a result, riparian management zones must ensure not only an appropriate species 
amount or volume of wood, but wood of sufficient size to serve as “key pieces” (Spence et al., 
1996).  
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Detritus Production (Leaf and Litterfall) 

Vegetation management practices can lead to changes in leaf litter distribution and dynamics in 
upland and riparian areas, which in turn affect availability in streams. Harvest intensity (i.e., the 
proportion of forest canopy removed) and cutting frequency affect the rate of nutrient removal 
from the system (Beschta et al., 1995).  

Detritus enters a stream primarily by direct leaf or debris fall, although organic material may 
also enter the stream channel by overland flow of water, mass soil movements, or shifting of stream 
channels. Few studies have been done relating litter contributions to streams as a function of 
distance from the stream channel; however, it is assumed that most fine organic litter originates 
within 98.4 feet or approximately 0.5 tree height from the channel (Thomas, et al., 1993). In most 
cases, however, buffers designed to protect most large wood recruitment would likely ensure nearly 
100 percent of detrital input (Spence et al., 1996). Spence et al. (1996) concluded that a buffer 
width of 0.75 of a site-potential tree height is needed to provide full protection for litter inputs. 

Streambank Stability 

Streambank erosion is a natural process that occurs sporadically in forested and nonforested 
watersheds (Richards, 1982). Under natural conditions, this process is part of the normal 
equilibrium of streams. The forces of erosion (water), resistance (root strength and bank material), 
and sediment transport maintain an important balance. Human activity can accelerate streambank 
erosion. Important alterations of the system components that may result from timber harvesting 
activities include: (1) removing trees from or near the streambank; (2) changing the hydrology of the 
watershed; and (3) increasing the sediment load, which fills pools and contributes to lateral scour by 
forcing erosive stream flow against the streambank (Pfankuch, 1975; Cederholm et al., 1978; 
Chamberlin et al., 1991).  

Sediment Control and Transport  

Activities that cause land disturbance (including burning) can alter watershed conditions by 
changing the quantity, timing and size distribution of sediment. These alterations can lead to stream 
channel instability, pool filling by coarse or fine sediment, or introduction of fine sediment to 
spawning gravels. Stream sedimentation can cause significant impacts on aquatic habitat and in turn 
on fish populations. 

Sediment delivery to streams can be reduced significantly by streamside buffer strips. The 
ability of riparian buffer strips to control sediment inputs from surface erosion depends on several 
site characteristics, including the presence of vegetation or organic litter, slope, soil type, and 
drainage characteristics. These factors influence the ability of buffer strips to trap sediments by 
determining the infiltration rate of water and the velocity of overland flow. In addition, activities 
within the riparian zone that disturb or compact soils, destroy organic litter, or remove large down 
wood can reduce the effectiveness of riparian buffers as sediment filters (Spence et al., 1996). 
Burning within the riparian zone is one such action that can reduce or diminish buffer effectiveness 
in the short term until a new duff and vegetation layer redevelops. Although fires are not currently 
prescribed in riparian buffers, incidental burning could occur within them when adjacent prescribed 
burns escape into the riparian zone or are allowed to naturally extinguish due to moisture-laden 
conditions.  
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Stream Shading  

Water temperature is an important habitat parameter potentially influencing reproductive 
success and survival during all freshwater life stages for fish and many amphibians, aquatic macro-
invertebrates, and other organisms (Bjornn and Reiser, 1991). Water temperature influences 
metabolism, behavior, and mortality of fish and other organisms in their environment. Although fish 
may survive at temperatures near the extremes of the suitable range, growth is reduced at low 
temperatures because all metabolic processes are slowed and at high temperatures because most 
or all food energy must be used for maintenance (Bjornn and Reiser, 1991). In areas where partial or 
complete exposure of the stream causes increased stream temperature, the rate of shade recovery 
depends on streamside conditions, vegetation, and stream size (Beschta et al., 1987). Small streams 
may be quickly overtopped by brush and effectively shaded from solar radiation. As streams 
become progressively larger and wider, riparian vegetation shades a progressively smaller 
proportion of the water surface (Beschta et al., 1987; Spence et al., 1996; Murphy and Meehan, 
1991). 

Microclimate  

Important components of the microclimate in a forested area include solar radiation, soil 
temperature, soil moisture, air temperature, wind velocity, and air moisture or humidity (Chen, 
1991; Chen et al., 1992). Changes in microclimatic conditions within the riparian zone resulting from 
removal of adjacent vegetation can influence a variety of ecological processes that may affect the 
long-term integrity of riparian ecosystems (Spence et al., 1996). Vegetation removal may interrupt 
natural microclimatic gradients. 

Of all the components that make up the microclimate, humidity has the greatest influence. 
Studies by Chen (1991) and Chen et al. (1993) suggested that humidity achieved conditions found in 
interior old-growth at a distance of 575 feet from the edge of a clearcut. FEMAT (1993), based on 
studies from Chen (1991), suggests that as many as three site-potential trees are needed to provide 
complete protection of riparian microclimate. However, riparian buffer effects for soil moisture, 
radiation, and soil temperature reach maximum effectiveness near one site-potential tree height. To 
avoid significantly altering the microclimate of a riparian zone, Ledwith (1996) recommends leaving 
buffer strips over 100 feet wide. Buffers wider than 100 feet would still affect the microclimate, but 
at a lower rate of change (Ledwith, 1996). 

James (2003) has collected detailed information on microclimate and water temperature 
changes associated with different levels of harvest in buffer strips and differing buffer strip widths 
at the Southern Exposure research site in the northern Sierra Nevada. Microclimate results revealed 
that edge effects from adjacent upslope clearcut harvest units had no discernible impact within 40 
ft. (12.2 m) of the stream bank. Timber operations conducted in the summers of 2000 and 2001 
resulted in + 1.5oC changes in daily maximum water temperature pattern along the experimental 
reach. The average and maximum daily air temperature patterns within the riparian zone harvest 
units (stream bank out to 40 ft.) were increased at most up to 0.5°C due to the adjacent upland 
experimental harvest treatments. Average and maximum daily air temperatures were increased up 
to 5°C beyond 40 ft. from the stream bank within the harvested blocks. When the buffer was 
reduced from 150 ft. to 100 ft., the average daily soil temperature increased up to 2°C for the 
microclimate station located between 80 ft. to 175 ft. from the stream bank. No change in the 
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average daily soil temperature pattern was found in the riparian zone adjacent to the harvest units 
(stream bank out to 40 ft.) after the two experimental harvest treatments during the three-year 
study. 

Coho and Chinook salmon and steelhead (anadromous salmonids) are of particular ecological 
and economic importance in California, and each have undergone well-documented declines in 
overall abundance. For example, the coho salmon population within the Central California Coast 
coho salmon Evolutionarily Significant Unit (ESU) was listed as a federal endangered species in 2005. 
Similarly, 4 steelhead ESUs were listed as threatened in 2006 and one was listed as endangered. The 
Sacramento River Winter run of Chinook salmon is also a federal endangered species.  

4.5.1.3 Overview of Distribution and Population Status  

Coho Salmon 

A comprehensive review of estimates of historic abundance, decline and present status of coho 
salmon in California is provided by Brown et al. (1994). They estimated that the coho salmon annual 
spawning population in California ranged between 200,000 and 500,000 fish in the 1940s, which 
declined to about 100,000 fish by the 1960s, followed by a further decline to about 31,000 fish by 
1991, of which 57 percent were artificially propagated. The other 43 percent (13,240) were natural 
spawners, which included naturally-produced, wild fish and naturalized (hatchery-influenced) fish. 
Brown et al. (1994) cautioned that this estimate could be overstated by 50 percent or more. Of the 
13,240, only about 5,000 were naturally-produced, wild coho salmon without hatchery influence, 
and many of these were in individual stream populations of less than 100 fish each. In summary, 
Brown et al. (1994) concluded that the California coho salmon population had declined more than 
94 percent since the 1940s, with the greatest decline occurring since the 1960s. 

Steelhead 

West Coast steelhead are presently distributed across 15 degrees of latitude, from 
approximately 49°N at the U.S.-Canada border, south to 34oN at the mouth of Malibu Creek, 
California. In some years steelhead may be found as far south as the Santa Margarita River in San 
Diego County (Busby et al., 1996). Historically, steelhead likely inhabited most coastal and many 
inland streams along the west coast of the United States. During this century, however, over 23 
indigenous, naturally reproducing stocks have been extirpated, and many more are at risk for 
extinction. In California, known spawning populations of steelhead (Oncorhynchus mykiss) are found 
in coastal rivers and streams from Topanga Creek in Los Angeles County to the Smith River near the 
Oregon border, and in the Sacramento River system. 

Chinook Salmon 

The following pose significant risks to Chinook salmon: degradation of freshwater habitats due 
to a variety of agricultural and forestry practices, water diversions, urbanization, mining and severe 
recent flood events (exacerbated by land use practices). Depending on the population of Chinook 
salmon, the effects of hatcheries and transplants on genetic integrity varies.  

Chinook salmon in the Coastal California ESU continue to exhibit depressed population sizes 
relative to historical abundances; this is particularly true for spring-run Chinook, which may no 
longer be extant anywhere within the range of the ESU. Recent favorable ocean conditions have 
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contributed to apparent increases in abundance and distribution for a number of anadromous 
salmonids, but the expected persistence of this trend is unclear. Agriculture, logging, and mining 
activities, in combination with periodic flood events (e.g. 1955, 1964), have affected all of the 
coastal river systems to some degree. The construction of dams in the Rogue, Klamath, and Eel River 
Basins has restricted the distribution and potentially altered the life history of Chinook salmon, 
especially spring-run fish that historically utilized upstream habitat. Similarly, dam construction on 
the Klamath River Basin has eliminated much of the spawning habitat for spring-run fish and 
increased the potential for interbreeding between spring and fall runs.  

Historically, the largest spring-run population in the Klamath River Basin was in the Shasta 
River; however, this population was extirpated in the early 1930s as a result of land use practices 
and water diversion dams. Since 1962, the upper limit to anadromous migration has been the Iron 
Gate Dam. Additionally, the Lewiston water diversion dam on the Trinity River has prevented access 
of spring-run Chinook salmon to their historical spawning grounds on the East Fork, Stuart Fork, 
Upper Trinity River, and Coffee Creek (Campbell and Moyle, 1991).  

4.5.1.4 Overview of Habitat Requirements in the Stream Environment 

Spawning of adult salmonids and freshwater rearing of juvenile salmonids are important stages 
in the freshwater life history of anadromous salmonids; and specific physical habitat conditions are 
required for each stage.  

Spawning 

Anadromous salmonids return to spawn in their natal streams in response to seasonal changes 
in stream flows or temperatures. Spawning sites (redds) are usually located near the heads of riffles 
(pool tailouts) where the water changes from smooth to turbulent flow, and where there are well 
oxygenated and relatively silt-free coarse gravels, and nearby cover for adults (Smith, 1941; Briggs, 
1953; Stuart, 1953; Platts et al., 1979; Moyle et al., 1995).  

The quantity, quality, and spatial distribution of spawning gravels, as well as water depth and 
velocity in spawning areas, can suffer substantial negative impacts from improperly-conducted or 
unmitigated land use activities, resulting in decreased survival. Sedimentation resulting from either 
natural or anthropogenic disturbances is typically considered to be the principal cause of salmonid 
egg and alevin mortality (Shapovalov and Taft, 1954; Chapman, 1988). Removal of large wood from 
stream channels also reduces pool quantity and quality (Bryant, 1980; Everest and Meehan, 1981; 
Bisson and Sedell, 1984; Bisson et al., 1987) and affects the storage and distribution of spawning 
gravel (Everest and Meehan, 1981).  

Rearing 

After emerging from the gravel, juvenile anadromous salmonids spend at least one summer 
rearing in fresh water before migrating to the ocean. Food and cover are two of the most important 
factors influencing juvenile rearing success (Chapman and Bjornn, 1969). Production of aquatic 
macroinvertebrates used as the primary food resource of salmonids during their freshwater 
residence depends on the availability of relatively silt-free, heterogeneous substrate; cold, 
well-oxygenated water; and a supply of organic matter and nutrients to the stream (Minshall, 1984; 
Bjornn and Reiser, 1991).  
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Relatively cold water temperatures are also required for growth and survival. For example, 
juvenile coho appear to prefer temperatures of 10° to 15°C (50° to 59°F) (Hassler, 1987), and Brett 
(1952) found that exposure to temperatures in excess of 25°C (77°F) resulted in high mortality rates. 
Preferred rearing temperatures reported for steelhead range from 7° to 15°C (44.5° to 59°F), with 
optimum water temperatures for juveniles occurring around 10°C (50°F), and lethal temperatures 
occurring at approximately 23.6°C (75°F) (Barnhart 1991).  

During winter high flow events, floodplains, alcoves, side channels, large wood accumulations, 
deep pools (>3.3 ft or 1 m), and substrate interstices are important in providing velocity refugia for 
rearing salmonids (Chapman and Bjornn, 1969; Bjornn and Reiser, 1991). Coho salmon in particular 
have been observed to seek areas with low velocity and cover during the winter, including deep 
pools, side channels, debris jams, undercuts, and side-channel pools (Peterson, 1982; Tschaplinski 
and Hartman, 1983).  

Lack of suitable winter habitat may result in poor survival, and several studies indicate that 
availability of winter habitat may be the major factor limiting coho salmon production in many areas 
(Chapman, 1966; Mason, 1976; Chapman and Knudsen, 1980; McMahon, 1983; Nickelson et al., 
1992). Tschaplinski and Hartman (1983) documented substantial decreases in juvenile coho salmon 
numbers in fall and winter, particularly in response to seasonal freshets. They found that habitats 
such as deep pools, logjams, and undercut banks with woody debris lost fewer fish during high flow 
events and maintained higher juvenile populations over the winter. 
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4.5.2 Wildlife 

4.5.2.1 Introduction 

The following section discusses the environmental setting for Wildlife. The discussion focuses 
on species and habitat conditions that are most likely to be affected by the Vegetation Treatment 
Program. Selection of species to assess the need or influence of vegetation treatment program 
practices on wildlife, plant, and aquatic species is complex given the wide range of species 
ecological requirements, the variety of vegetation treatment practices potentially applied, and 
availability of population trend and habitat relationship data. Species and species groups (guilds) 
were selected for assessment in this chapter based on several criteria. These criteria include species 
of high public interest, sensitivity to the kind of habitat alteration typically associated with VTP 
management practices, availability of population data over time, and potential to act as a future 
population or habitat condition monitoring element to evaluate VTP effectiveness. 

The reader is referred to Chapter 5 Environmental Consequences for additional discussion of 
species habitat relationships and the influence of vegetation treatment methods on habitat 
capability and Table 4.5.2.3 for characteristics of common natural communities authorized for 
treatment under the VTP. Table 4.5.2.4 identifies rare natural plant communities and occurrence 
within VTP plant communities. 

4.5.2.2 Effect of forest structure on vertebrate species richness and habitat value  

In recent decades, some of the most contentious forest management issues have been 
associated with the amount and distribution of forest conditions (SNEP, 1996). The amount of large, 
old forests (late successional or old-growth) has been the most notable issue. However, reductions 
of early successional forests due to management practices such as fire suppression and limited 
timber management are also a concern. These management actions, along with natural growth and 
development of forests, have likely contributed to an increase in dense, younger tree canopies and 
a loss of understory (herbaceous and shrub) vegetation. Forest composition and structure that 
emphasize dense, young tree canopies has a negative effect on plant and animal species diversity 
when compared to early and late stages of forest succession or development (Figure 4.5.2).  

Loft and Smith (2000) used the California Wildlife Habitat Relationships System (CWHR) to 
examine the relative species richness and habitat value of forest development and forest canopy 
cover for 13 habitat types found in the Sierra Nevada. They found that in all five conifer habitats and 
for each tree size class, CWHR predicted species richness to be greatest in open and sparse canopy 
condition (less than 40 percent cover). Habitat value (ability of habitat to support species) was 
highest when canopy cover was less than 60 percent in all size classes.  
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Figure 4.5.2 Plant and animal diversity and canopy closure 

         Source: Loft and Smith, 2000 

Hardwood types showed results similar to the conifer types except both species richness and 
habitat value were highest in open and sparse canopy conditions (less than 40 percent cover). Shrub 
and montane riparian types also showed the highest levels of species richness and habitat value in 
open and sparse canopy conditions and lowest in dense (greater than 60 percent canopy cover) 
canopy stages. 

The possible decline in early and late successional forest habitats with open and sparse 
canopies may ultimately affect the conservation of terrestrial vertebrate biodiversity. The decline in 
extent of this land condition and sustainability of herbivores like deer and use by domestic cattle 
has already been extensively documented. Similarly, 12 of the 51 bird species breeding in 
shrublands showed a measurable decline in population between 1966 and 2009 (Sauer et al., 2011). 
This trend may be similar for other early successional animals that are not as closely monitored for 
change in population status.  

4.5.2.3 Population Status and Habitat Relationships of Native Forest and Rangeland Species 

Population numbers reported and the trends derived in this section must be interpreted with 
caution. A variety of variables influences the accuracy and comparability of data collected over time. 
These include improved information concerning age structure of the population, levels of mortality, 
estimates of extent and quality of habitat, and other potentially significant and locally specific 
demographic considerations. Few data sources are available that provide an assessment of 
statewide or bioregional population trends. Bioregional assessments for a particular class of 
vertebrate have been completed but generally report on the presence or absence of the species. 
These vertebrate assessments cover a significant span of time with little data collection in 
intervening years.  
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Ungulate Population Trends and Habitat 

Pronghorn Antelope 
Historically, the pronghorn antelope (Antilocapra americana) inhabited most of the grassland, 

oak woodland, and sagebrush-steppe plant communities in California. The antelope was likely the 
most abundant big game animal in the State (Pyshora, 1977) and population densities in the San 
Joaquin Valley may have been the highest in North America. However, by the early 1870s their 
numbers were significantly reduced due to market hunting, livestock competition, and changing 
land use practices. In 1923, it was estimated that less than 1,100 pronghorn were present in seven 
areas of California. By 1943, pronghorn were found only in northeastern California (DFG, 2001f). The 
population peaked near 8,000 in the mid-1990s and has subsequently fallen to an estimated 3,957 
currently (Hobbs, unpublished report 2011). 

Population levels have increased from the mid-1940s due to generally favorable weather 
conditions, increases in acreage devoted to alfalfa and grain crops, reductions in competition for 
forage with livestock on public lands, and species management practices. DFG and other 
cooperators are actively involved in establishing new herds in suitable habitat.  

Pronghorn are found only in sagebrush, low sage, bitterbrush, grassland, pinyon-juniper, 
riparian and alkali desert scrub habitats. Browse is an important forage source in all seasons 
although forbs are heavily utilized in the summer months. This species shows a preference for low, 
rolling topography in open grassland and sagebrush habitats. Optimal habitat is roughly 40-60% 
grass, 10-30% forbs, and 5-20% shrub cover 

Elk 
Three subspecies of elk occur in California. The Roosevelt elk (Cervus elaphus roosevelti) 

inhabits coastal areas in Mendocino, Humboldt, and Del Norte counties in addition to the Cascade 
and Klamath Mountain Ranges in Siskiyou County. The introduced Rocky Mountain elk (Cervus 
elaphus nelsoni) is found in the Warner Mountains of Modoc County, and southern Kern, western 
San Luis Obispo, and Shasta counties. The tule elk (Cervus elaphus nannodes) occurs in a number of 
individual herd areas in the coast range, valley floor, and Owens Valley. Collectively, numbers of elk 
have exhibited increasing trends since the mid 1960s. The greatest increases have occurred within 
the tule and Roosevelt elk subspecies due primarily to the establishment of new herds by DFG and 
other cooperators.  

Roosevelt elk were once widely distributed throughout northern California. However, by 1925, 
they were reduced to a small area of Humboldt and Del Norte counties. Elimination of market 
hunting and public ownership of large tracts of habitat contributed to significant population 
increases. Relocation efforts by DFG (280 elk since 1985) and natural movement of elk from Oregon 
into California have resulted in range expansion. Elk now occupy new areas in Mendocino County 
and the Klamath and Cascade Mountain Ranges of Siskiyou and Trinity counties with significant 
population increases. They are estimated to have a population of 5,500 (per. comm. Hobbs, 2011).  

Of the four populations of Rocky Mountain elk in California, only the population in the Warner 
Mountains appears to have originated by animals moving into suitable habitat from southeastern 
Oregon. They have held steady at an estimated 1,500 since 2000 (per. comm. Hobbs, 2011).  
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Tule elk were undoubtedly the most numerous elk subspecies in California. Historical estimates 
of early explorers suggest as many as 500,000 elk inhabiting the oak woodland, savannah, and valley 
floor. However, by the 1860s the effects of habitat conversion to agriculture, market hunting, and 
competition with livestock reduced numbers and distribution to a small herd in the southern San 
Joaquin Valley (McCullough, 1969). As a result of an active management program, the population 
increased to 2,680 by 1989 (DFG, 2007b) and is currently estimated to be 3,900 currently (Hobbs, 
2011). 

Complete protection of the elk remaining on private lands and subsequent relocation efforts by 
the California Academy of Sciences contributed to the increase in numbers. This resulted in 
established herds in three locations by 1940: Cache Creek herd in Colusa and Lake counties; the 
Owens Valley herd in Inyo county; and the 953 acre enclosure at the Tupman Tule Elk Reserve in 
Kern county.  

Roosevelt and Rocky Mountain elk utilize open, brushy stands of a wide variety of deciduous 
and conifer habitats with abundant water. Riparian areas, meadows, and herbaceous and brush 
stages of forest habitats are used for feeding. The tule elk subspecies utilize brush, scrub and 
herbaceous habitat types throughout the year where they occur in the Owens Valley, Inyo Co. 
Roosevelt and Rocky Mountain elk exhibit a preference for mature stands of deciduous and conifer 
forest habitat types. Dense brush understory is an important element on south facing slopes during 
the winter for thermal and escape cover. Availability of brushy vegetation with opening near water 
is important for calving. 

Deer 
Estimated to be between 500,000 to 600,000 before the gold rush, black-tailed deer 

(Odocolieus hemionus) may have increased to as much as 900,000 by the 1950s (DFG, 2001c). They 
are estimated (based on a population model) to be close to 462,000 currently, and stable in most 
areas (per. com. M Sommer, 2011). The high deer population levels during that period are the 
product of large-scale land use and management policy changes that influenced forage quality and 
direct mortality in the early to mid-1900s. These include the elimination of unrestricted hunting; 
reduction in predator populations as a result of unregulated trapping and hunting; significant 
reduction in numbers of domestic livestock grazing on public lands; and the spread of timber 
harvest and subsequent use of fire as elements in the establishment of shrub fields and other early 
successional habitats. 

Since the mid-1970s, the total deer population in California has remained relatively stable. 
However, on a local herd or Deer Assessment Unit (several deer herds showing similar management 
needs and herd conditions) basis, marked declines in deer numbers and habitat quality and 
availability are evident. 

In recent years, deer populations have shown the most marked declines in northeastern 
California and the northern and central Sierra Nevada Mountains. Several factors are responsible for 
these declines including habitat loss in quality and quantity, predation, competition with livestock, 
urban and agricultural development, and illegal hunting. In general, the principal factor influencing 
deer populations is the availability of quality forage. Habitat quantity and quality continues to 
decline in the wake of urbanization and other agricultural development in deer habitats (DFG, 
2001c). 
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Deer occupy a wide range of habitat types but generally exhibit a preference for early to 
intermediate successional stages of most forest, woodland, and shrub habitats. A mosaic of various-
aged vegetation that provides woody cover, meadow and shrub cover near water is also preferred. 
Brushy areas and tree thickets are used for escape cover with slope aspect influencing winter or 
summer use. Areas of moderately dense shrublands and forests, dense herbaceous stands, and 
riparian zones with abundant forage and available water are important habitat conditions for 
fawning. 

Bighorn sheep 
Two subspecies of bighorn sheep occur in California: Nelson’s (Ovis canadensis nelsoni) from 

the Transverse Ranges, Mojave Desert, Sonoran Desert, western Imperial, central Riverside, and 
eastern San Diego counties; and Sierra Nevada (Ovis canadensis sierrae) from the Sierra Nevada 
Mountains. Both subspecies are currently state-listed, as threatened and endangered respectively, 
as well as endangered under the federal Endangered Species Act.  

It is estimated that 10,000 bighorn, distributed across approximately 100 populations, were 
present in California in 1800 (DFG, 2001b). However, in the decades following gold discovery, 
unregulated market and subsistence hunting, and grazing and associated disease transmission from 
domestic livestock resulted in the loss of several populations in the Sierra Nevada Mountains. 
Reintroduction efforts in the Lava Beds and Warner Mountains of Modoc County have been 
unsuccessful due in large part to respiratory diseases contracted from domestic sheep. 

Approximately 4,000 bighorn sheep occupied several Mojave and Sonoran Colorado desert 
mountain ranges in the southeastern portion of the State (per. comm. R. Abella 2011). They are also 
found in five populations of 160 animals within the eastern Sierra Nevada Mountains and three 
populations of about 300 individuals in the Transverse Ranges of Ventura, Los Angeles, and San 
Bernardino counties (DFG, 2001b). Individual population management plans are being developed to 
identify and protect important habitats, identify future reintroduction sites and limiting factors, and 
collect demographic data. In 2011 bighorn sheep in the Peninsular Ranges numbered 800 (per. 
comm. R. Abella, 2011). 

In 1996, the Sierra Nevada bighorn sheep population fell to 150 individuals from the 250 
recorded in 1979 (Graber, 1996). Compounding the problem is the lack of suitable reintroduction 
sites in the eastern Sierra Nevada Mountains given domestic sheep and cattle allotments on public 
lands and potential for disease transmission. Recent population estimates for this subspecies are 
now at 400 individuals (per. comm. R. Abella, 2011). 

Bighorn sheep subspecies utilize a range of habitats in California that include alpine dwarf-
shrub,  low sage, sagebrush, bitterbrush, pinyon-juniper, palm oasis, desert riparian, desert 
succulent scrub, desert scrub, sub-alpine conifer, perennial grassland, montane chaparral, and 
montane riparian. The species graze and browse on a wide variety of plant species although grasses 
and forbs are preferred for grazing in more open habitats of low growing vegetation. Rocky, steep 
terrain and canyons are used for escape cover and lambing.  
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Mammalian Carnivore Population Trends and Habitat 

Mountain lion 
The mountain lion (Puma concolor) is widespread in California and can be found from sea level 

to alpine meadows, with the general exception of dry areas of the Colorado and Mojave Deserts 
that do not support mule deer populations and the agricultural areas of the central valley. 
Approximately 62 percent of California is within the known range of mountain lions. Of that total, 
approximately 67 percent is considered moderate to highly suitable habitat (Torres et al., 1996). The 
species is rarely observed in the wild, given their habitat requirements, large home range size, 
relatively low population densities, and secretive nature.  

Estimating the statewide mountain lion population and trends is a difficult task. Regional 
variation in population densities, habitats used and effectiveness of population monitoring 
techniques complicate the estimations. Sitton and Wallen (1976) conducted the first major 
mountain lion study in California and found no evidence to suggest a change from the 1973 DFG 
estimate of 2,400 mountain lions. However, in the late 1980s, the DFG population estimate was 
revised to approximately 5,100 with a likely range of 4,000 to 6,000 and that estimate is still 
relevant (per. comm. M Kenyon, 2011).  

These data would suggest that mountain lion numbers have increased over the last 30 years. 
Coincidentally, there has been an increase in conflicts with California’s growing population in rural 
and largely undeveloped areas. These trends in conflict with rural or urban interface residents and 
bighorn sheep and other species of concern (Torres, 2000), are regional scale phenomena. They 
may be representative of growing mountain lion populations, change in habitat conditions, and/or 
movement of people into suitable mountain lion habitats and do not necessarily suggest a trend in 
lion populations identifiable at a statewide scale (Torres et al., 1996). More recently, mountain lion 
depredations, interactions with people, and predation events have decreased in many regions of 
the State, suggesting regional declines in populations from the mid-1990s (Torres, 2000). 

Black Bear 
In California, black bears are found in mountainous areas and most commonly inhabit forested 

and chaparral dominated plant communities (Mixed conifer forests, montane hardwood conifer, 
chaparral, and hardwood are important habitat types and support the greatest bear densities). Two 
subspecies are recognized, the northwestern black bear (Ursus americanus altifrontalis) and the 
California black bear (Ursus americanus californiensis). 

Black bear population numbers in California are apparently increasing. Important demographic 
measures such as sex ratio of harvested bears, median age, and number of bears harvested indicate 
increasing population levels. In addition, the illegal take of bears has been greatly reduced from 
levels seen prior to 1985. Statewide estimates in 1983 were around 7,000 (DFG, 2006, DFG, 2001a), 
and are now thought to be about 26,000 (+/- 7060) animals (per. comm. M. Kenyon, 2011).  

Mesocarnivores  
Information on trends in mesocarnivore (fisher and marten) populations is limited in California. 

However, the conservation of forest carnivores is frequently of concern among wildlife managers 
and the topic of increasing research effort (snamp.cnr.berkeley.edu/about). Populations of fisher 
(Martes pennanti) within the Sierra Nevada are near the southernmost limits of the species range 
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and likely occupy marginally suitable habitat. In addition, these areas are where human disturbance 
on habitat values is the most significant (Lyon et al., 1994). Current populations of marten (Martes 
americana) and fisher may be particularly vulnerable to local extirpation resulting from random 
demographic or environmental events. They are particularly susceptible to these events given their 
relatively low ability to colonize new areas of suitable habitat (Lyon et al., 1994). In 2010 DFG 
announced that the Fisher was not a candidate for designation as a threatened/ endangered species 
(DFG, 2010). 

In California, two populations of fisher are known and occur in northwestern California and the 
southern Sierra Nevada Mountains and are considered isolated from one another and from 
populations in other parts of the species distribution. The population status of the Humboldt 
marten (Martes americana humboldtensis) in northwestern California is uncertain (Lyon et al., 
1994).  

Optimal habitats for marten are various coniferous forest habitat types including red fir, 
lodgepole pine, subalpine conifer, mixed conifer, Jeffrey pine, and eastside pine. Key habitat 
elements include the presence of large trees (particularly hardwoods), snags and down logs. Canopy 
cover that reduces the depth of snow cover on the ground improves accessibility of ground dwelling 
prey species. Marten utilize small clearings, meadows, and riparian areas for foraging.  

Fisher typically occur in intermediate to large tree stages of coniferous forest development as 
well as deciduous-riparian habitats with a high degree of canopy closure. Stand level characteristics 
of importance to these forest carnivores include canopy closure, snag and log frequency, and 
relative proportion of hardwoods and conifers in the stand as an influence on prey density and 
availability. Klug (1996) surveyed for fisher on commercial timberlands in the redwood zone of 
Humboldt and Del Norte Counties and noted a positive correlation between fisher detection ratio 
and greater basal area of hardwoods of all size classes, canopy closure and volume of logs and less 
conifer basal area in the 52-90 cm size class. Carrol et al., (1999) found a correlation of high fisher 
detection rates and large hardwoods in a mixed hardwood-conifer forest in northern Humboldt 
County. Fisher distribution was associated with landscapes with high canopy closure, precipitation 
(as an influence on prey species composition) and at the scale of the sampling plot, large diameter 
hardwoods. Large hardwoods provide resting and denning sites and may be associated with higher 
prey densities given the mast they produce. Landscapes with high levels of canopy closure may 
influence density and availability of preferred prey, lower energy costs of travel, and protection 
from predation (Buskirk and Powell 1994; Powell and Zielinski 1994; Carroll et al., 1999).  

Bird Population Trends and Habitat 

Ground Nesting Game Birds 
Ground nesting game birds are native as well as introduced species and include chukar 

partridge (Alectoris chukar), blue grouse (Dendragapus obscurus), sage grouse (Centrocercus 
urophasianus), wild turkey (Meleagris gallopavo), Gambel’s quail (Callipela gambelii), California 
quail (Callipella californica), and mountain quail (Oreortyx pictus).  

Population status of resident game bird species varies with habitat extent and condition. 
Habitat condition is primarily determined by amounts and timing of annual precipitation and effect 
on grasses, forbs, and insect populations. Annual surveys to assess population status are conducted 
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on established routes in selected locales by DFG. Methodologies vary depending on the game bird 
species, but include water source counts, roadside transects and brood counts, and crowing counts.  

Annual hunter kill data and hunter surveys are used as an additional means to assess 
abundance and to help guide season and bag limit determinations. However, long-term trends in 
resident game bird hunter participation and associated harvest have exhibited a steady decline 
since peaking in the 1960s. These trends suggest that both the number of hunters and their harvest 
will continue to decline or remain stable. For example, the number of quail hunters has declined 
from a high of 230,000 in 1967 to 65,367 in 2007.  

The number of quail harvested has paced hunter numbers with 2.75 million quail bagged in 
1964 but only 530,428 in 2007 (DFG 2008). Wild turkey harvest represents a notable difference in 
this trend with a gradual increase in hunter participation since 1967, which leveled off in the 1990s 
(Gardner, 2004) and averaged 26,389 between 2003 and 2007 (DFG, 2008). As of 2004 the turkey 
population was calculated to be 242,000 (Gardner, 2004). 

In general, population numbers of these species cannot be precisely determined. Wide 
variation in numbers in different parts of the species range, level of inventory or census effort, and 
occupancy of a variety of habitat types in varying degrees of condition make expression of 
population levels in anything other than a range of expected numbers impossible. North American 
Breeding Bird Survey (see description below) results for the period of 1966 through 2009 (Table 1) 
give a general indication of population trend over time.  

Wild turkey and California quail exhibit significant positive trends in population over the 1966-
1998 period. The remaining species exhibit upward trends though at non-significant levels. Adult 
spring populations for white-tailed ptarmigan are estimated to be between 2,031 and 8,124 (per. 
com. S. Gardner 2011). Adult spring populations for ruffed grouse were estimated to be between 
8310 and 33,242 (per. com. J. Garcia, 2011). Based on projected fall adult populations, there are 
approximately 4,124 sage grouse (per. com. S. Garcia, 2011). Sage grouse populations have 
fluctuated widely due to habitat alteration.  

Sage grouse are the only species of special concern among those listed above. The species is 
found in greatest abundance in a combination of sagebrush, perennial grassland or wet meadow 
habitats. Sagebrush stands of moderate canopy surround traditional strutting grounds or leks. In 
addition, sagebrush stands are occupied exclusively in the winter and spring although the species is 
highly dependent on meadow habitats for forbs and insects in the summer. 

Non-game Birds 

Non-game and other bird classes represent one taxonomic group where data is available to 
examine broad scale abundance trends over long periods due primarily to the efforts of the North 
American Breeding Bird Survey (BBS). 

The North American Breeding Bird Survey was established in 1966 to provide breeding bird data 
in the United States and southern Canada. Bird counting stops are established along secondary 
roads at 0.5-mile intervals for a distance of 24.5 miles and are visited annually. Because of these 
systematically collected data, breeding land birds can provide a useful indicator of the status and 
health of those ecosystems sampled.  

http://www.mp2-pwrc.usgs.gov/bbs/
http://www.mp2-pwrc.usgs.gov/bbs/
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Relative abundance trends for California were summarized in two ways (Flather et al., 1999). 
The numbers of species with statistically significant increasing, decreasing, or stable trends for the 
State are estimated. Second, species are grouped according to life history characteristics including: 
nest type and location (cavity, open cup, ground/low, midstory/canopy), migration status 
(neotropical migrant, short distance, and permanent resident), and breeding habitat (woodland, 
shrubland, grassland, wetland, and urban) (Peterjohn and Sauer, 1993). 

The number of species with increasing, decreasing, or stable trends was also estimated for each 
life history characteristic. In order to maintain statistical significance, each bird species must have 
been detected on at least 14 survey routes. For most species, sampling is insufficient to determine 
population trends; nonetheless, the systematically collected data do provide a useful indicator for 
those species that are adequately represented on survey routes and at the scale of the State 
(approximately 46%). 

Statewide, the majority of all surveyed species for the period 1966-2009 were decreasing in 
relative abundance (50 species, 44 percent). The number of species with increasing (28 species, 21 
percent) and decreasing trends (35 species, 31 percent) were similar.  

Of the 12 life history groups examined, those with the greatest proportion of declining species 
for the 1966-2009 period are found in the urban (40 percent) and mid-story/canopy (33 percent) 
groups. The greatest percentage increase for increasing species occurred in wetland (33 percent) 
and urban (40 percent) life history groups. 

Table 4.5.2.1  
Bird Population Trend Estimates from 1966 to 2009 

Life History Group 
% of species w/  

sig. negative trend 
% of species w/  

sig. positive trend  
% of species w/  

no sig. trend  # of Species 

Grassland 20 30 50 10 

Wetland 12 33 55 49 

Scrubland 24 10 66 51 

Woodland 14 22 64 59 

Urban 40 40 20 10 

Cavity Nesting 14 26 60 35 

Open-Cup Nesting 28 14 58 86 
Short Distance 
Migrant 23 18 59 66 

Permanent Resident 20 24 56 54 

Neotropical Migrant 23 16 61 61 

Ground/Low Nest 22 11 67 54 
 Midstory/Canopy 
Nest 33 19 48 67 

 Source: U.S. Geological Survey, 2009 

Bird species within the cavity, open cup nesting, and neotropical migrant life history groups are 
frequently the object of conservation and management initiatives. Managers are concerned for 
these species given loss of snags, nest parasitism by other bird species, and tropical deforestation 
and habitat loss respectively. Sixty-one percent of neotropical migrant species exhibited stable 
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populations during the 1966-2009 period. The percentage of open cup nesting bird species 
populations considered stable was 58 percent for the 1966-2009 period. Cavity nesting species 
regarded as stable populations was 60 percent for the 1966-2009 period.  

The North American Breeding Bird Survey (BBS) is a key source of information regarding 
population trends for the majority of North American bird species. However, many features of the 
survey complicate analyses that seek to go beyond general trends and identify cause and affect 
relationships influencing bird populations (Sauer et al., 1996).  

A variety of environmental factors affects bird populations. Weather conditions, competition 
with other species, predation, and habitat condition, working either independently or cumulatively 
affect bird numbers. Similarly, within survey route observer effects, where there is a change in 
observer or a change in regional survey route coverage, can confound the determination of cause 
and effect relationships (Temple and Wiens, 1989; Barker and Sauer, 1992).  

Although BBS data have been collected in a standardized manner since initiation of the survey, 
methods of data analysis have changed over time. Several statistical methods have been used to 
estimate population trends but there is no consensus on which method is most reliable and 
additional research in this area is required. Prioritization of species conservation efforts based on 
the statistical significance of trends may vary depending on the data analysis method selected 
(Thomas and Martin, 1996). Statistical analyses of data and subsequent interpretation are best 
focused on gross pattern of population change instead of magnitude of calculated trends and 
variances (Droege, 1990). 

The reader is referred to the California Wildlife Habitat Relationships System, maintained by the 
California Department of Fish and Game, as a readily available source for bird as well as other 
terrestrial vertebrate habitat relationship and distribution information (http://www.dfg. 
ca.gov/biogeodata/cwhr/). CWHR contains life history, geographic range, habitat relationships, and 
management information on 692 species of amphibians, reptiles, birds, and mammals known to 
occur in the California. 

Amphibian and Reptile Trends and Habitat 

The North American Amphibian Monitoring Program, although of much more recent origin, is 
similar in concept to the Breeding Bird Survey and also uses a group of volunteers who complete 
calling surveys along established routes to determine relative abundance of amphibians.  

Over the last two decades, there has been a general decline in many amphibian species in 
California, North America, and other parts of the world. In some cases, the cause of the decline is 
proportional to loss of habitat. For other amphibians, the reasons are much less clear. This is 
particularly true when the decline is noted in undisturbed areas. A variety of factors have been 
suggested by way of explanation and include ionizing radiation from a depleted ozone layer, 
estrogenic effects of pesticides as an influence on reproduction, acid precipitation, application of 
fertilizers and herbicides, introduction of exotic competitors and predators, and infectious diseases 
(Declining Amphibian Populations Task Force, 2002). Unlike the variety of disturbances that 
influence aquatic amphibian and reptile (western pond turtle) species, reptile populations are most 
influenced by habitat conversions (Veirs and Opler, 1998). 

http://www.open.ac.uk/daptf/
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True frog and toad species have exhibited the most significant declines. Conservation practices 
that were previously thought effective, such as setting aside lands from development or reliance on 
parks or other reserved lands, may not provide the desired results in the face of ecosystem-wide or 
trans-regional effects. Forty percent of the toad species (four of ten) and 88 percent of the native 
frog taxa (seven of eight) have been removed from at least 45 percent of their historic California 
distribution (Jennings, 1995; Veirs and Opler, 1998).  

Little comparative baseline data is available to address long-term amphibian population trends 
in the western United States and California. The documentation of an entire frog fauna declining in 
a large, diverse region is unprecedented. However, in 1996 Drost and Fellers re-surveyed a Sierra 
Nevada Mountains transect first conducted by Grinnell and Storer (1924). They included Yosemite 
National Park in this new survey and found marked declines in the amphibian fauna. Their re-survey 
indicated that at least five of the seven frog and toad species observed in the original survey have 
exhibited “serious declines.” Two species, the foothill yellow-legged frog (Rana boylii) and great 
basin spadefoot toad (Scaphiopus intermontanus), were not observed in the survey area and the 
mountain yellow-legged frog (Rana mucosa), once the most abundant amphibian, has been reduced 
to a few small remnant populations.  

It is likely that a number of different factors are contributing to the documented declines. One 
possible explanation suggests that the long-term cumulative effects of multiple factors, where 
natural low points in amphibian population cycles synergize with widespread environmental 
alterations (e.g., extended drought, chemical pollutants, predation by and competition with non-
native species, and disease) will create extinction events (Jennings, 1996; Drost and Fellers, 1996). 
Recolonization of areas formerly occupied by some Sierra Nevada frog species is unlikely due to the 
widespread loss of populations and the presence of introduced predators (salmonids and char) 
(Bradford et al., 1993; Jennings, 1996). Also making recovery difficult is the chitrid fungus 
Batrachochytrium dendrobatidis(Bd). This world wide fungus is believed to have killed numerous 
frog species and has been found in California (Noda, 2010). Bd is a very important organism as it 
seems to be capable of infecting most amphibians which often leads to chytridiomycosis which is 
linked to significant population declines and species extinctions (Berger et al., 1998; Skerratt et al., 
2007; Fisher et al., 2009). 

Amphibian habitat requirements are varied but all are sensitive to desiccation and each species 
exhibits habitat requirements, life history strategy, or other adaptations that are tied to the 
availability of moisture in one form or another. Adult California tiger salamanders in their annual 
grassland habitat spend the majority of the year in subterranean refugia but move to vernal pools 
and other temporary water sources to reproduce. The species inhabits low elevation vernal pools 
and seasonal ponds in the associated grassland, oak savannah, and coastal scrub plant communities. 
Salamanders in the family Plethodontidae occupy terrestrial habitats that provide cool and moist 
microclimates frequently associated with downed wood, talus, or other site specific structural 
features and topographic aspect or forest and woodland canopy conditions that provide shade. 
Forest and woodland dwelling Plethodotid amphibians such as the Del Norte salamander, Ensatina, 
and slender salamander species do not require standing water and are frequently associated with 
damp soil conditions found in or near down logs, rock rubble and other structural elements. Eggs 
are laid on moist surfaces in or under decaying logs and other vegetation or rock fissures. California 
red-legged frogs use a variety of habitat types, including various aquatic, riparian, and upland 
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habitats. Virtually any aquatic system ephemeral or permanent may be used provided a permanent 
water source ideally free from predators is nearby. Habitat breadth for this species is a function of 
drought and rainfall patterns. 

California has a diverse nonmarine reptile fauna, including five freshwater turtles, one tortoise, 
38 lizards, and 37 snakes (Stebbins, 1985; Jennings, 1987; Laudenslayer et al., 1991). Three turtle 
species and one gecko are nonindigenous species. The California population of one native reptile, 
the Sonoran mud turtle, has probably been extirpated (Jennings, 1987). Many of California's reptiles 
are common in much of western North America, but there are 14 endemic species (15%) with 
restricted ranges that include only some part of California or California and a portion of an adjacent 
state and Baja California (Stebbins, 1985). In addition, many species have one or more subspecies 
with limited ranges that include a portion of California. Reptile species richness increases from north 
to south in California, along with an increase in average temperature and aridity. Only a few species 
are found in the cool, moist northwestern corner of the state, whereas the southern tier of counties 
hosts a wide array of species (Stebbins, 1985). Unlike the amphibians, which are threatened by 
factors that often appear to be systemic in nature, most terrestrial reptiles are threatened only by 
habitat conversion. In general, habitat destruction is the main cause of reptile population declines in 
California. This is evident because the distribution of species identified by either the state or federal 
governments as being at risk occurs primarily in areas where the greatest habitat manipulation has 
occurred in California: coastal urban development, Central Valley agriculture, and desert livestock 
and recreational habitat alteration (Veirs and Opler, 1998). 

The Global Amphibian Assessment (http://amphibiaweb.org/declines/declines.html) provides a 
search function allowing the reader to examine habitat requirements and other information for all 
amphibian species of concern in the United States and more specifically California. Similarly, the 
reader is referred to the California Wildlife Habitat Relationships System, maintained by the 
California Department of Fish and Game, as a readily available source for terrestrial and aquatic 
amphibian and reptile habitat relationship information (http://www.dfg.ca.gov/biogeodata/cwhr/). 
CWHR contains life history, geographic range, habitat relationships, and management information 
on 692 species of amphibians, reptiles, birds, and mammals known to occur in the state. 

Invertebrates 

California has a rich terrestrial and aquatic invertebrate fauna that features a high level of 
endemism and a number of species and groups with specialized life histories or behaviors that, like 
plants, is likely reflective of the states diverse physical and biological conditions. California supports 
34 invertebrate species that are formally listed as either threatened or endangered under state or 
federal endangered species acts. The list includes 4 gastropods (2 snails, 2 abalone); 8 crustaceans 
(1 crayfish, 1 freshwater shrimp, and 6 fairy/tadpole shrimp) and 22 insects. Most listed California 
insects are subspecies of butterflies that occur in extremely localized habitats within 80 kilometers 
of the coast. Although not formally listed a number of other invertebrates are identified as Special 
Animals by the California Department of Fish and Game, California Natural Diversity database. 
Species and subspecies categorized as G1, S1 or G2, S2 are, with current information, thought 
extremely endangered or endangered. These species or subspecies represent an additional 302 taxa 
statewide (http://www.dfg. ca.gov/biogeodata/cnddb/pdfs/SPAnimals.pdf). The exact distribution 
and population status are not known for most described species. 

http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/SPAnimals.pdf
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As elsewhere in the United States, the richest habitats for insects in California occur in areas 
with at least moderate topographic relief and with the richest array of native woody vines, trees, 
and shrubs. Such localities are often found along or adjacent to streambeds or valleys at low to 
moderate elevations in mountainous areas. Invertebrate habitat types that are unique to California 
or of limited distribution within the United States include coast redwood forest, serpentine 
grasslands, coastal and riverine dunes, chaparral, evergreen oak woodland, and coastal sage scrub 
(Veirs and Opler, 1998). 

Some California habitats dominated by non native plants exhibit very low populations of native 
insects, and presumably of other native invertebrates as well. Examples are urban environments 
dominated by plantings of non native ornamental trees, shrubs, and grasses; Coast Range, Sierra 
Nevada, or Transverse Range foothills dominated by introduced Mediterranean grasses; or coastal 
strand and dunes dominated by European beachgrass (Slobodchikoff and Doyen, 1977 fide Veirs 
and Opler, 1998). 

Vernal pools are a unique habitat type in California (see http://www. vernalpools.org/links.htm) 
and are habitat for a variety of plant as well as invertebrate animal species of concern, particularly 
the fairy and tadpole shrimp. Many of these plants and animals spend the dry season as seeds, eggs, 
or cysts, and then grow and reproduce when the ponds are again filled with water. Vernal pools are 
transitory aquatic habitats, as shallow grassland depressions are filled with winter rains. These 
depressions are frequently lined with an impervious clay soil layer, slowly drying as the seasons 
progress; generally being completely dry by late spring. These habitats occur primarily on alluvial 
formations in the Central Valley. Similar alluvial landscape formations occur in inland valleys of the 
inner Coast Ranges, and along coastal terraces of Southern California, where geologic forces have 
lifted the original alluvial landscape surfaces above sea level. 

Vernal pools also occur on volcanic mudflows, where rapid weathering of volcanic materials has 
formed dense clay soils and bedrock near the soil surface. This type of volcanic landscape 
formations are found in northeast California and in the northern end of the Sacramento Valley.  

For additional information on the habitat requirements of certain invertebrate species of 
concern in California, the reader is referred to Chapter 5 Impact Evaluation and the California 
Department of Fish and Game Nongame Wildlife Branch, U.S. Fish and Wildlife and  National 
Biological Information Infrastructure web sites and associated links at:  
http://www. dfg.ca.gov/hcpb/species/t_e_spp/ teinvert/teinverta. shtml; 
http://www.nbii.gov/portal/server.pt/community/invertebrates/1864 and 
http://www.fws.gov/endangered/species /us-species.html. 

4.5.2.4 Species of Concern 

California is the most biologically diverse state in the contiguous United States and one of the 
most populous. As a result, threats to the continued existence of native species and the natural 
communities on which they rely are also increasing. Species of Concern as used in this section is a 
general term that may include formally listed plants and animals as well as those that require 
additional management attention to prevent formal listing.  

http://www.dfg.ca.gov/hcpb/species/t_e_spp/teinvert/teinverta.shtml
http://www.fws.gov/endangered/species/us-species.html
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The California Department of Fish and Game documents the status of rare, threatened and 
endangered species and identifies threats to theses species. For 2000, habitat modification, non-
native species, and water withdrawals are frequently mentioned threats (DFG, 2000). When 
categories of threat are ranked by DFG, urbanization of the state’s wildlands poses the greatest 
threat to the continued existence of the endangered flora and fauna (DFG, 1991). Other significant 
threats to plants include impacts associated with livestock grazing, off-road vehicles, conversion of 
native habitats to agriculture, competition with non-native plants, and road construction/ 
maintenance. Other significant threats to animals include impacts associated with water projects, 
introduced predators and competitors, conversion of native habitats to agriculture, livestock 
grazing, environmental contaminants, and flood control activities (DFG, 1991).  

Over the last 100 years, loss of natural communities such as riparian woodlands, wetlands, 
native grasslands, and coastal sage exceed 90 percent. In 1991, a preliminary assessment of species 
status and protection needs conducted by DFG estimated that an additional 60 animals and 600 plants 
might meet the official listing criteria of the State’s Endangered Species Act (ESA).  

In 2000, the United States Congress enacted the State Wildlife Grants Program to support state 
programs that benefit wildlife and habitats and in particular species of greatest conservation need. In 
response to program requirements the California Department of Fish and Game in partnership with the 
Wildlife Diversity Project, University of California, Davis directed the development of the state’s wildlife 
action plan (http://www.dfg.ca.gov/wildlife/wap/report.html). This document, incorporated here by 
reference, sought to identify species and habitats of greatest conservation need, identify those 
environmental stressors affecting native species and habitats, and identify those actions needed to 
restore and conserve wildlife in order to minimize the need for future listings as threatened or 
endangered. The reader is referred to this document for an extensive and thorough bioregional 
assessment of species at risk, environmental stressors affecting wildlife and habitats, and 
recommended conservation action. 

Species of concern: Formal Listing Trends  

The number of listings continues to rise, increasing from 195 taxa in 1987 to 443 in 2010 (Table 4.5.2.2). 

Table 4.5.2.2  
Cumulative Number of Officially Listed* Taxa**, 1987 to 2010 
Year Plants Gastropods Crustaceans Insects Fish Amphibians Reptiles Birds Mammals Total 

1987 118 - - - 18 8 9 20 22 195 

1990 215 1 2 12 18 8 9 26 25 316 

1993 218 1 2 13 18 8 13 28 26 327 

2000 254 2 8 20 26 10 13 28 28 389 

2005 282 3 8 22 32 15 14 31 35 442 

2010 282 4 8 22 33 15 13 30 36 443 

*Official listed animal species refers to state listed as threatened or endangered (T&E), federally listed as T&E or on both 
the state and federal list as T&E. Official listed plant species refers to those that are state listed as threatened, 
endangered, or rare (TE&R), federally listed as T&E, or both state and federally listed as T&E. 
**includes species, subspecies, distinct populations, evolutionary significant units (ESU) Source: DFG, 2005 
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In addition to the official list of endangered, threatened, or rare plant species, the California 
Native Plant Society (CNPS) in cooperation with DFG maintains a plant inventory that also provides a 
broad assessment of plant status in California (http://www.rareplants.cnps.org/). These plants 
include taxa recognized as species, subspecies, or varieties that fall into different categories that range 
from formal listing to a close association with a habitat type that is declining in California. A recent 
review of California’s flora by CNPS concluded the following:  

Twenty-seven plants are presumed extinct (CNPS California Rare Plant Rank 1A); 
1,104 are rare throughout their range, have declined significantly, or are judged vulnerable to 

changing environmental conditions (CNPS California Rare Plant Rank 1B plants); 
476 are rare in California but common beyond the State’s borders (CNPS California Rare Plant 

Rank 2 plants);  
55 represent problematic taxonomic questions and additional information is needed (CNPS 

California Rare Plant Rank 3 plants); and 
582 are of limited distribution or infrequently occur across a broader area but are considered 

uncommon (CNPS California Rare Plant Rank 5 plants).  

From 1984 to 2001, the number of California plants considered CNPS increased by 417 taxa.  
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Table 4.5.2.3    
Characteristics of Common Natural Communities Authorized for Treatment under the VMP 

 
Common Habitat 

 
Description 

 
Representative Common Wildlife Species 

 
Landscape Distribution 

 in the VMP Project Area 

 
Fire Return 

Interval (FRI) 
(years) 

 
FRI Sources 

 
Annual and perennial 
grassland 

 
Open stand of grasses primarily on flat 
plains to gently rolling foothills, ridges, and 
south-facing slopes 

 
Western toad, gopher snake, northern harrier, 
killdeer, western kingbird,  loggerhead shrike, 
savannah sparrow, pocket gopher, American 
badger, and coyote  

 
Foothills of the Cascade, Sierra Nevada,  
and Transverse Ranges 

 
(no data) 

 
-- 

 
Coastal scrub 

 
Shrub stands including white sage, black 
sage, California buckwheat, and California 
sagebrush 

 
Western fence lizard, orange-crowned warbler,  
California quail, California thrasher, brush rabbit, 
Heerman’s kangaroo rat, and gray fox 

 
Along the coast north of Santa Barbara 
County  

20-140 
 
White 1995 

 
Sagebrush, low sage, and 
bitterbrush 

 
Shrub stands dominated by big sagebrush, 
low sagebrush, bitterbrush, or rabbit brush, 
and possibly including yellow pines or 
perennial grasses 

 
Rubber boa, sage grouse, sage thrasher, black-
tailed jackrabbit, sagebrush vole, California 
ground squirrel, and bobcat  

 
East of the Sierra Nevada-Cascade 
Ranges from Modoc and Siskiyou 
Counties south to Inyo County  

25-50* 

 
Skinner and Chang 
1996, Bunting 1994 

 
Montane-hardwood conifer 
and montane hardwood 

 
Stands with overstory consisting primarily 
of California black oak, tanoak, Douglas-fir, 
and madrone, with understory of shrubs 
and sparse herbaceous layer 

 
Sharp-tailed snake, western rattlesnake, scrub jay, 
band-tailed pigeon, western gray squirrel, mule 
deer, and black bear 

 
Cascade, Klamath, Sierra Nevada, South 
Coast, Transverse, and Peninsular 
Ranges to 5,800 feet  

15-149 

 
Sikinner and Chang 
1996, Wills and Stuart 
1994 

 
Mixed conifer 

 
Forest stands dominated by associations of 
ponderosa pine, Jeffrey pine, white fir, 
incense cedar, Douglas-fir, sugar pine, and 
black oak 

 
Ensatina, California mountain kingsnake, Steller’s 
jay, western tanager, northern flying squirrel, and 
Allens’ chipmunk 

 
Cascade, Klamath, Sierra Nevada, and 
Transverse Ranges from 4,500 to 7,000 
feet  

3-33 

 
Skinner and Chang 
1996 

 
Douglas-fir 

 
Forest stands dominated by Douglas-fir 
overstory and tanoak understory 

 
Pacific giant salamander, northwestern garter 
snake, western flycatcher, golden-crowned 
kinglet, varied thrush, Trowbridge’s shrew, 
Douglas squirrel, and dusky-footed woodrat  

 
Coast and Klamath Ranges from 
Sonoma County north 

 
3-59 

 
Skinner and Chang 
1996, Wills and Stuart 
1994, Adams 1980 

 
Jeffrey pine, ponderosa pine 
and eastside pine 

 
Open forest stands dominated by Jeffrey or 
ponderosa pine 

 
White-headed woodpecker, brown creeper, 
northern flying squirrel, American martin, and  
mule deer  

 
Klamath, Cascade, Sierra Nevada, 
Transverse, and Peninsular Ranges  

4-157 

 
Skinner and Chang 
1996 

 
Redwood 

 
Forest stands dominated by coastal 
redwood 

 
Northern red-legged frog, ensatina, Vaux’s swift, 
gray jay, common raven, varied thrush, and 
western wood pewee, and MacGillivray’s warbler   

 
Coast Ranges south to San Luis Obispo 
County  

7-100 

 
Brown and Swetnam 
1994, Veirs 1985 

 
Closed-cone pine/cypress 

 
Forest stands dominated by a single species 
of closed-cone pines, such as Torrey, 
Monterey, knobcone, or Bishop pine, or 

 
Red-breasted nuthatch, scrub jay, red-tailed 
hawk, Anna’s hummingbird, and gray fox  

 
Coastal California and scattered 
locations in the Peninsular, Coast, and 
Sierra Nevada Ranges 

 
15->100 

 
Greenlee and 
Langenham 1990 
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__________ 
 
*  Extrapolated from fire return intervals for eastside pine and juniper woodland types. Fire return intervals in low sagebrush may be as great as 100 years. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cypresses, such as Tecate, Monterey, or 
Sargent cypress 

 
Pinyon-juniper 

 
Woodlands dominated by pure stands of 
pinyon pine or associations of pinyon and 
juniper 

 
Pinyon jay, plain titmouse, bushtit, pinyon mouse, 
and bushy-tailed woodrat  

 
Great Basin from Alpine County to Inyo 
County, and Transverse, Peninsular, and 
southeastern Sierra Nevada Ranges 
 

 
25-50 

 
Bunting 1994 

 
Juniper 

 
Woodland stands of junipers 

 
Chipping sparrow, chestnut-backed chickadee, 
Cassin’s finch, dark-eyed junco, bushy-tailed 
woodrat,  cottontail rabbit,  coyote, and mule 
deer 

 
Great Basin from Siskiyou County to 
Lassen County, and eastern Sierra 
Nevada from Lassen County to Fresno 
County 

 
25-50 

 
Bunting 1994 
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Table 4.5.2.4  
 Rare Natural Plant Communities and Occurrence by Plant Community 

 
 

 
VTP Habitat Type Affinity 

 
 

Rare Natural Community 

 
Annual and 
Perennial  
Grassland 

 
 

Coastal Scrub 

 
Sagebrush, Low 

Sage,  
and Bitterbrush 

 
Montane 

Hardwood-
Conifer 

and Montane 
Hardwood 

 
 

Mixed Conifer 

 
 

Douglas-fir 

 
Jeffrey Pine, 
Ponderosa 
Pine and 

Eastside Pine 

 
 

Redwood 

 
Closed-Cone 

Pine 
Cypress 

 
 

Pinyon-Juniper 

 
 

Juniper 

 
Valley sink scrub 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Valley satlbush scrub 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Interior Coast Range saltbush scrub 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

Coastal terrace prairie 
 

x 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
Bald hills prairie 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Valley needlegrass grassland 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Valley sacaton grassland 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

Serpentine bunchgrass 
 

x 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
Pine bluegrass grassland 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Wildflower field 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

Northern hardpan vernal pool 
 

x 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
Northern claypan vernal pool 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Northern basalt flow vernal pool 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Northern volcanic mud flow vernal 
pool 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Northern volcanic ash vernal pool 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

Southern interior basalt flow vernal 
pool 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
San Diego Mesa hardpan vernal pool 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

San Diego Mesa claypan vernal pool 
 

x 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
Alkali meadow 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Alkali seep 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

North coast black cottonwood 
riparian forest 

 
 

 
 

 
 

 
x 

 
x 

 
x 

 
 

 
 

 
 

 
 

 
 

 
North coast alluvial redwood forest 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
x 

 
 

 
 

 
  

Red alder riparian forest 
 

 
 

 
 

 
 

 
 

 
 

x 
 

 
 

x 
 

x 
 

 
 

 
 
Central coast cottonwood sycamore 
riparian forest 

 
x 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Central coast live oak riparian forest 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Central coast arroyo willow riparian 
forest 

 
x 

 
x 
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VTP Habitat Type Affinity 

 
 

Rare Natural Community 

 
Annual and 
Perennial  
Grassland 

 
 

Coastal Scrub 

 
Sagebrush, Low 

Sage,  
and Bitterbrush 

 
Montane 

Hardwood-
Conifer 

and Montane 
Hardwood 

 
 

Mixed Conifer 

 
 

Douglas-fir 

 
Jeffrey Pine, 
Ponderosa 
Pine and 

Eastside Pine 

 
 

Redwood 

 
Closed-Cone 

Pine 
Cypress 

 
 

Pinyon-Juniper 

 
 

Juniper 

Southern coast live oak riparian forest x            
Southern arroyo willow riparian forest 

 
x 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Southern cottonwood willow riparian 
forest 

 
x 

 
 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Southern mixed riparian forest 

 
x 

 
 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Canyon live oak ravine forest 

 
 

 
 

 
 

 
x 

 
x 

 
 

 
 

 
 

 
 

 
 

 
  

Great valley cottonwood riparian 
forest 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Great valley mixed riparian forest 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

Great valley valley oak riparian forest 
 

x 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
White alder riparian forest 

 
 

 
 

 
 

 
x 

 
x 

 
x 

 
 

 
 

 
 

 
 

 
 

 
Aspen riparian forest 

 
 

 
 

 
x 

 
 

 
 

 
 

 
x 

 
 

 
 

 
z 

 
x  

Montane black cottonwood riparian 
forest 

 
 

 
 

 
 

 
 

 
x 

 
 

 
x 

 
 

 
 

 
 

 
 

 
Modoc-Great Basin cottonwood 
willow riparian forest 

 
 

 
 

 
x 

 
 

 
 

 
 

 
x 

 
 

 
 

 
 

 
 

 
Sycamore alluvial woodland 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

Southern sycamore alder riparian 
woodland 

 
 

 
x 

 
 

 
x 

 
 

 
 

 
 

 
 

 
 

 
x 

 
 

 
North coast riparian scrub 

 
x 

 
x 

 
 

 
x 

 
x 

 
x 

 
 

 
 

 
 

 
 

 
 

 
Central coast riparian scrub 

 
x 

 
x 

 
 

 
x 

 
x 

 
 

 
 

 
 

 
 

 
 

 
 

 
Southern willow scrub 

 
x 

 
x 

 
x 
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VTP Habitat Type Affinity 

 
 

Rare Natural Community 
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Coastal Scrub 

 
Sagebrush, Low 
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Conifer 
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Mixed Conifer 
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Jeffrey Pine, 
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4.5.3 Vegetation and Plant Species of Special Concern 

4.5.3.1 Introduction 

The following section discusses the environmental setting for plants of special concern and 
vegetation. The discussion is focused primarily on vegetation types in Forest and Range settings that 
are most likely to be affected by the Vegetation Treatment Program. 

4.5.3.2 Plant Species of Special Concern 
Rare, Threatened, Endangered, and candidate plant species are recognized by the state as 

having inherent value. Authority for the protection of these species is provided primarily through 
CEQA standards, Fish and Game Codes, the Native Plant Protection Act, and the California 
Endangered Species Act (CESA). Protection of plant species is also authorized by California Forest 
Practice Act, Forest Practice Rules, and the Timber Harvest Plan review process. However 
consultation with the DFG and memoranda of understanding with other agencies also are important 
in the preservation of plant diversity. 

California leads the nation in the number of native plants with 6,500 species/subspecies or 
nearly 25% of all plant taxa found in North America north of Mexico (per. comm. Bittman, 2011). 
Approximately 2,145 taxa are considered endemic or found only within California (per. comm. 
Bittman, 2011). Regions of high topographic, moisture and temperature gradient such as the Sierra 
Nevada, Klamath Mountains, and San Bernardino Mountains support the greatest levels of plant 
species richness (CDFG, 2003). 

With such a large flora, high level of human activity and development pressure, influence of 
non-native invasive plants as well as innate species rarity, the state supports more special status 
plant taxa (2,070) than anywhere else in the nation (RareFind 4, November 2011). 

The DFG and California Native Plant Society each maintain a database of listed and other plant 
species of concern and their habitat requirements. The current legal status for each plant species is 
provided online at http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEPlants.pdf and is updated 
quarterly. Species accounts are contained in the most current report from the DFG in the mandated 
periodic report on the status of listed species (http://www.dfg.ca.gov/ wildlife/nongame/ 
t_e_spp/docs/2004/t_eplants.pdf).  

The Resources Agency and the DFG have developed guidelines for assessing the effects of 
proposed projects on rare, threatened, or endangered plants and natural communities 
(http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/Protocols_for_Surveying_and_Evaluating_Impacts.
pdf). The California Native Plant Society has also developed botanical survey guidelines 
(http://www.cnps.org/cnps/rareplants/pdf/cnps_survey_guidelines.pdf). 

4.5.3.3 Land cover extent and Habitat Diversity 
Habitat diversity is assessed at the coarsest or broadest scale by classifying, mapping, and 

measuring the extent of the major land cover types in California. Land cover is a general term 
describing major vegetation life forms, natural features, or land uses. Measuring land cover helps 
determine the degree of ecosystem alteration at the coarsest scale.  

http://www.dfg.ca.gov/wildlife/nongame/t_e_spp/docs/2004/t_eplants.pdf
http://www.dfg.ca.gov/wildlife/nongame/t_e_spp/docs/2004/t_eplants.pdf
http://www.cnps.org/cnps/rareplants/pdf/cnps_survey_guidelines.pdf
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Definitions of land cover classes used in this setting discussion are found in the Glossary. 

Forests and rangelands cover approximately 80 percent of California. The term “forest and 
rangeland” includes nearly all lands except urban, irrigated agriculture, barren, and water. Conifer 
Forest and Woodlands, Hardwood Forest and Woodland, Shrub, Grassland, Desert Shrub and 
Woodland, and Wetland cover contain forests and rangelands. Conifer Forest and Desert Shrub are 
the two largest land cover classes, covering nearly 43 percent of California and are predominantly in 
public ownership (Table 4.5.3.1).   

Table 4.5.3.1  
Area of Land Cover Classes by Major Ownership (thousand acres) 
Land cover Private USFS BLM NPS Other public Total 

Conifer Forest 6,432 10,644 394 1,108 426 19,004 
Conifer Woodland 458 1,051 482 220 151 2,363 
Hardwood Forest 2,901 1,287 176 134 193 4,691 
Hardwood Woodland 4,292 310 239 36 309 5,188 
Shrub 5,433 5,673 2,261 319 878 14,565 
Grassland 9,621 233 496 43 526 10,919 
Desert Shrub 4,272 197 10,216 4,659 4,117 23,641 
Desert Woodland 27 3 37 18 2 87 
Wetland 334 69 12 22 103 540 
Agriculture 11,201 4 42 (L) 174 11,421 
Barren 229 918 203 680 254 2,283 
Urban 4,606 17 29 8 250 4,909 
Water      1,486 
Total 49,805 20,406 14,587 7,247 7,384 100,915 
BLM – U.S. Bureau of Land Management; (L) – less than 500 acres; NPS – National Park Service; USFS – U.S. 
Forest Service 
Source: Fire and Resource Assessment Program (FRAP), 1999; CAL FIRE, 2002b 
The complete vegetation map product can be viewed and downloaded at Land cover map.  

The forest and rangeland land covers of the state are an aggregation of habitats (Figure 
4.5.3.1). Of the 59 habitats in the California Wildlife Habitat Relationships (CWHR) system, 42 of 
these habitat types (Table 4.5.3.2) are considered forest and rangeland. Of all habitats found in the 
state, Desert Scrub (19 percent) and Annual Grassland (11 percent) are the most extensive, while 
Palm Oasis, Aspen (see sidebar: Aspen in California), and Perennial Grassland are the most rare (less 
than one percent) (Table 4.5.3.2). Detailed tables of habitat information by owner and by county 
can be found at Habitat types: state-county.  

 
 
 
 
 
 
 
 
 
 
 
 
 

http://frap.cdf.ca.gov/data/frapgismaps/select.asp
http://frap.cdf.ca.gov/projects/frap_veg/tables/county_state_habitat_02_1.pdf
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Figure 4.5.3.1  Land Cover of California 
Source: CAL FIRE, 2002b 
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Table 4.5.3.2  
Area of Forest and Rangeland California Wildlife Habitat Relationship Types by Owner (thousand 
acres) 

Habitats Private USFS BLM NPS Other 
Public 

Total 

Conifer Forest       
   Closed-Cone Pine-Cypress 56 50 25 12 11 155 
   Douglas Fir 1,323 1,726 163 21 102 3,335 
   Eastside Pine 443 929 40 (L) 8 1,420 
   Jeffrey Pine 38 409 8 109 6 570 
   Klamath Mixed Conifer 340 1,011 16 9 6 1,381 
   Lodgepole Pine 35 310 (L) 245 1 591 
   Montane Hardwood-Conifer 723 801 41 11 49 1,626 
   Ponderosa Pine 424 369 38 62 13 906 
   Red Fir 117 998 (L) 296 2 1,414 
   Redwood 1,079 5 1 45 167 1,297 
   Sierran Mixed Conifer 1,598 2,912 48 131 44 4,734 
   Subalpine Conifer 17 495 6 121 4 642 
   White Fir 153 628 2 38 4 826 
   Unclassified Conifer 85 1 6 6 10 107 
   Total 6,432 10,644 394 1,108 426 19,004 
Conifer Woodland       
   Juniper 339 317 234 66 59 1,015 
   Pinyon-Juniper 119 734 249 154 92 1,348 
   Total 458 1,051 482 220 151 2,363 
Hardwood Woodland       
   Blue Oak-Foothill Pine 754 39 121 17 49 979 
   Blue Oak Woodland 2,457 129 104 9 120 2,819 
   Coastal Oak Woodland 832 138 12 8 104 1,095 
   Eucalyptus 9 (L) (L) (L) 1 11 
   Valley Foothill Riparian 114 4 2 1 27 147 
   Valley Oak Woodland 126 1 2 (L) 9 137 
   Total 4,292 310 239 36 309 5,188 
Hardwood Forest       
   Aspen 3 32 1 2 1 40 
   Montane Hardwood 2,797 1,215 174 89 165 4,439 
   Montane Riparian 100 40 1 43 27 211 
   Total 2,901 1,287 176 134 193 4,691 
Shrub       
   Alpine Dwarf Shrub 1 201 (L) 18 (L) 219 
   Bitterbrush 81 162 25 26 5 299 
   Chamise-Redshank Chaparral 671 399 187 12 114 1,383 
   Coastal Scrub 1,175 218 74 28 235 1,730 
   Low Sagebrush 19 151 48 1 11 230 
   Mixed Chaparral 1,813 2,152 457 16 301 4,739 
   Montane Chaparral 369 1,032 23 43 14 1,481 
   Sagebrush 880 1,347 1,407 168 174 3,976 
   Unclassfied Shrub 426 12 40 8 24 509 
   Total 5,433 5,673 2,261 319 878 14,565 
Grassland       
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   Annual Grassland 9,592 233 496 38 494 10,852 
   Perennial Grassland 30 (L) (L) 4 32 67 
   Total 9,621 233 496 43 526 10,919 
Desert Shrub       
   Alkali Desert Scrub 630 70 1,184 470 648 3,003 
   Desert Riparian 15  18 3 11 47 
   Desert Scrub 3,348 126 8,326 4,136 3,099 19,036 
   Desert Succulent Shrub 115  216 17 156 503 
   Desert Wash 164 (L) 471 33 204 872 
   Total 4,272 197 10,216 4,659 4,117 23,461 
Desert Woodland       
   Joshua Tree 27 3 34 18 2 84 
   Palm Oasis (L)  3  (L) 3 
   Total 27 3 37 18 2 87 
Wetland       
   Wet Meadow 145 69 11 20 23 268 
TOTAL 33,582 19,468 14,312 6,558 6,626 80,545 

BLM – U.S. Bureau of Land Management; (L) – Less than 500 acres; NPS – National Park Service; USFS – U.S. 
Forest Service. Totals may not add due to rounding 
Source: CAL FIRE, 1999; CAL FIRE, 2002b 

The spatial locations of specific California habitats are important data for assessing wildlife 
species distribution and habitat value. For example, spatial modeling permits analysis of the 
distribution and extent of one habitat type relative to another, degree of habitat fragmentation, and 
level of wildlife use. Habitat location and wildlife use data provides for an analysis of threats and 
effect on habitat condition from disturbance that would come from urbanization, fire, or exotic 
plant invasion.  

4.5.3.4 Habitat Stages of California’s Forests and Rangelands 
The California Wildlife Habitat Relationship (CWHR) system identifies habitat stages important 

to terrestrial wildlife. Habitat stages are descriptions of vegetation condition and include measures 
such as tree size and canopy closure for forest and woodland types (http://www.dfg.ca.gov/ 
biogeodata/cwhr/). These measures allow a more informed picture of habitat conditions by relating 
vegetation condition to species’ breeding, feeding, and cover requirements. 

California Conifer Forests support a range of tree sizes and levels of canopy closure (Table 
4.5.3.3, Figure 4.5.3.2). Size class is defined by the average tree diameter at breast height (DBH). 
Canopy closure (CC) is defined by the horizontal area that trees cover when viewed from above. 

Table 4.5.3.3  
Percent of Conifer Forest by Tree Size and Canopy Closure 

Canopy closure Seedlings and Saplings 
<10” dbh 

Small trees 11” 
to 24” dbh 

Medium to large 
trees >24” dbh 

Unclassified Total 

Open (10-39% CC) 6 11 2 1 20 
Moderate (40-59% CC) 4 14 4 1 23 
Dense (>60% CC) 7 21 24 1 53 
Unclassified <1 <1 <1 4 5 
Total 17 45 31 7 100 

CC – canopy closure; DBH – diameter at breast height (4.5’); <1 – less than one percent 
Note: totals may not add due to rounding, Source: CAL FIRE, 2002b 
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Figure 4.5.3.2 Area of Conifer Forest by tree size and canopy closure 
          Source: CAL FIRE, 2002b 
 

Two dominant characteristics of California’s Conifer Forest are the prevalence of smaller size 
trees and very dense forest stands. Forty-five percent of the Conifer Forest in California is found in 
the 11-24 inch size class. In terms of canopy closure, 53 percent of Conifer Forest is classified as 
having dense canopy closure (greater than 60 percent closure).  

Although small size trees are a prominent characteristic of Conifer Forest in California, medium 
to large size trees (greater than 24 inch DBH) are also quite abundant. Thirty one percent of the 
state’s Conifer Forest is classified as medium to large. Additionally, medium to large trees with 
dense canopy closure is the most abundant combined size and canopy closure class covering 24 
percent of the state’s Conifer Forest.  

Hardwood Forest and Woodland size and canopy closure patterns illustrate a greater tendency 
towards stands with smaller tree sizes and more open canopy cover than Conifer Forests (Figure 
4.5.3.3, Table 4.5.3.4). Nearly 64 percent of the Hardwood Forest and Woodland in the state have 
stands with average tree sizes of less than 11 inches DBH. Twenty six percent of Hardwood Forests 
and Woodlands are open stands.     

Table 4.5.3.4  
Percent Area of Hardwood Forest and Woodland by Tree Size and Canopy Closure  

Canopy closure Seedlings and saplings 
<11” DBH 

Small trees 
11-24” DBH 

Medium to large trees 
>24” DBH Unclassified Total 

Open (10-39% CC) 22 3 <1 <1 26 
Moderate (40-59% CC) 14 5 <1 1 21 
Dense (>60% CC) 27 18 2 4 51 
Unclassified <1 <1 <1 2 2 
Total 64 26 3 7 100 

DBH – diameter at breast height (4.5’); <1 – less than one 
Note: totals may not add due to rounding 
Source: CAL FIRE, 2002b 
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Figure 4.5.3.3  Area of Hardwood Forest and Woodland by tree size and canopy closure 

Source: CAL FIRE, 2002b 

Each conifer and hardwood habitat has a size and canopy closure profile.  

4.5.3.5 Hardwoods 
Hardwood habitats are rich sources of biological diversity. They are also lands into which 

significant development is projected to occur over the next four decades. A number of different 
land use and management practices have influence on the conditions and trends presently 
exhibited by California’s hardwood resources. Some of these “ecosystem drivers” are the result of 
past practices that are centuries old and are still being played out and expressed in conditions seen 
today. Others are part of recent history. 

This section examines several current land use and land management issues influencing 
hardwood resource values.  
Regional extent of hardwoods 

The extent of hardwood land cover varies among California’s bioregions (Table 4.5.3.5). The 
Klamath/North Coast and Sierra bioregions have the majority of hardwood land cover (5.7 million 
acres or 58 percent of the state total). Each bioregion has a unique combination of hardwood 
habitat types (Table 4.5.3.5). Blue Oak Woodland (37 percent of bioregion total) and Montane 
Hardwood (47 percent of bioregion total) dominate the Sierra bioregion where blue oak, black oak, 
and interior live oak are the most common species. The Klamath/North Coast bioregion is 
predominately comprised of Montane hardwoods (77 percent of bioregion total). The Bay/Delta, 
Central Coast and South Coast bioregions are predominantly Coastal Oak Woodlands, which are 
comprised of coast live oak, California laurel, bay, and other oak species.  
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Table 4.5.3.5  
Area of Hardwood CWHR Types and Percent Total Hardwood Area by Bioregion (thousand acres)  

Habitat 
Type 

Bay 
Area/Delta 

Modoc Klamath/ 
North Coast 

Sierra Central 
Coast 

South 
Coast 

Sacrament 
Valley 

 

San Joaquin 
Valley 

 

All other 
bioregions* 

California 

 
 
% Ac  Ac  Ac  Ac  

 
 

 Ac % Ac % 
 

Ac % Ac % 

Hardwood 
Woodland 

                     

Blue Oak-
Foothill Pine  

11 9  185  296 
 
329 

 
 

 
50 10 2 1 8 15 979 10 

Blue Oak 
Woodland 

 

12 218 
 
342 

 
1,036 

 
576 

 
 

 
374 72 143 81 21 41 2,819 29 

Coastal Oak 
Woodland 

 

21   40  4 
 
662 

 
 

 
  1 1 5 10 1,095 11 

Eucalyptus  <1   L 
 

L 
 

2 
 

  1 <1   L <1 11 <1 

Valley 
Foothill 
Riparian 

 
2 L 

 
3 

 
L 

 
18  

  
49 9 16 9 2 5 147 1 

Valley Oak 
Woodland  

4   11 
 
37  26    19 4 1 1 3 6 137 1 

Total 

 

50 227 
 
582 

 
1,374 

 
1,614 

 
 

 
493 95 163 92 39 76 5,188 53 

Hardwood 
Forest 

                     

Aspen    8  L 
 
32          L <1 40 <1 

Montane 
Hardwood 

 

50 100 
 
2,234 

 
1,329 

 
114  

 
 

27 5 13 8 11 22 4,439 45 

Montane 
Riparian 

 <1 10  93  65  21  
 

 1 <1 L <1 1 2 211 2 

Total 

 

50 118 
 

2,326 
 

1,426 
 
135  

 
 

27 5 13 8 12 24 4,691 47 

Total 
Hardwoods 

 

100 346 

 

2,908 

 

2,799 

 

1,749 

   

520 100 176 100 52 100 9,879 100 

*All other bioregions: includes Mojave, Colorado Desert; L – less than 500 acres 
Source: CAL FIRE, 2002c 

Hardwood Woodland Sustainability and Regeneration 
A key factor in sustaining Hardwood Woodlands is the ability of species to regenerate. 

Regeneration is defined as the means by which a stand of trees maintains its structure and density 
by recruiting new saplings into the tree overstory to replace mature trees lost to mortality. An 
assessment of the success or failure of Hardwood Woodland regeneration typically examines the 
desired stand structure, rate of mortality in mature tree size classes, and the rate of seedling, 
sapling, and tree recruitment to the stand over time. 

Regeneration is a dynamic process, in which periodic or only sporadic recruitment may be 
sufficient to balance mortality and thus maintain stand structure over the long term. A lack of 
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seedling reproduction and recruitment during one or several years in a stand does not necessarily 
constitute regeneration failure in that stand (Lang, 1988). 

There has long been recognition that some species within Hardwood Woodlands are not 
regenerating well and researchers have examined a variety of possible causes. Sudworth (1908) 
(fide Standiford et al., 1997) noted apparent poor natural regeneration of several oak species, 
particularly blue oak. The introduction of exotic non-native grasses in hardwood woodland 
understory, rodent herbivory, and grazing by livestock were considered by Griffin (1977) as factors 
responsible for a lack of oak seedlings. Lack of precipitation as well as season and intensity of 
livestock grazing can also affect seedling survival. 

Grazing, when implemented at specific levels, can reduce competing vegetation and improve 
oak seedling survival. Limited precipitation is also a factor. Seasons and level of livestock can 
increase seedling survival when competing grasses are reduced (Muick and Bartolome, 1987). Allen-
Diaz and Bartolome (1992) (fide Standiford et al., 1997) evaluated natural regeneration in blue oak 
stands in north coastal California and concluded that blue oak as a species in this area had a 
successful strategy for seedling establishment. However, they were unable to determine the factors 
that prevented seedlings from moving into the sapling size class. Fire and sheep grazing were 
eliminated as factors responsible for recruitment failure. 

Standiford et al., (1997) examined the factors influencing the probability of oak seedling and 
sapling regeneration in southern Sierra Nevada Hardwood Woodlands. Their study found that tree 
cover was positively correlated with the probability of seedling and sapling regeneration. Grazing 
influences were negatively correlated with blue oak seedlings, while no correlation was found with 
saplings in this particular study area. Solar radiation levels as derived from site slope and aspect 
were significant influences on black, interior live, and canyon live oak seedlings. Elevation was 
positively correlated with blue oak seedling presence. 

It is noteworthy that the five oak species (valley, Engelmann, coast live, interior live, and blue 
oak) that are frequently the subject of regeneration studies can reproduce from both acorns and 
from root or stem sprouting. Younger age classes of all of these species resprout vigorously when 
cut, broken, burned, or browsed by livestock or wildlife. Valley and blue oak may lose sprouting 
vigor as they grow larger while interior live oak, coast live oak, and Engelmann oak continue to 
sprout vigorously in older age classes after fire or cutting (Lang, 1988).  

Management guidelines have been developed for hardwood species within hardwood 
woodlands by the Integrated Hardwood Range Management Program. These guides help 
landowners, managers, and professional planners of hardwood rangeland resources develop 
management plans and other initiatives that maintain the sustainability of hardwood woodland 
ecological value as well as the profitability of individual properties. In addition, most local 
governments have policies that relate to these lands (IHRMP, 2001a, 2001b, and 2001c).  

Hardwood Forest Sustainability and Regeneration  
The dominant type on Hardwood Forests is Montane Hardwood. Within Montane Hardwoods, 

California black oak (Quercus kelloggii) is one of the most prevalent species. The continued abilities 
of black oak to sustain regeneration and to provide forest structure are key elements to the 
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sustainability of montane forest ecosystems. They are also indicators of the status of hardwood 
forests. 

California black oak is the most widely distributed hardwood in the state, occurs on 
approximately 4.3 million acres outside of national forest lands, and occurs on approximately 8.6 
million acres statewide (Bolsinger, 1988). The species exceeds all other California oaks in volume, 
distribution, and altitudinal range (McDonald, 1990). California black oak is found from the basin of 
the McKenzie River in western Oregon southward through the Coast Ranges and principally along 
the western slopes of the Sierra Nevada to the Cuyamaca Mountains in southern California. A few 
stands of the species are found on the east side of the Sierra Nevada. It is typically found where 
ponderosa pine also grows (Bolsinger, 1988). California black oak is most abundant and attains its 
largest size in the Sierra Nevada. Extensive stands are also found in eastern Mendocino and 
Humboldt counties of the north Coast Range (McDonald, 1997). 

CAL FIRE/FRAP analyzed the distribution of black oak within three forest types: Sierra Mixed 
Conifer (SMC), Montane Hardwood/Conifer (MHC), and Montane Hardwood (MHW). On average, 
black oak basal area for Sierran mixed conifer sites was 20 square feet per acre. Black oak basal area 
in the combined Montane Hardwood/conifer and Montane Hardwood types was 35 square feet per 
acre. Much of the black oak basal area is found in smaller size classes. These results suggest that 
black oak is generally abundant, but is predominately found in trees of small size. Specific 
management actions will be needed to maintain current black oak stocking and to promote the 
development of existing stands into larger tree sizes and the associated ecological benefits trees of 
this size provide. 

California black oak can regenerate by way of stump sprouting or germination of acorns. 
California black oak is shade intolerant and a vigorously sprouting species. It generally occurs in 
even-aged stands where intensive fire or logging is the principal means of stand replacement 
(McDonald, 1969). Because fire incidence throughout its natural range is high, nearly all California 
black oak trees originated from sprouts. Consequently most California black oak stands are even-
aged. The size and vigor of the parent tree determines the number of sprouts and their height and 
crown spread.  

4.5.3.6 Old-growth Conifer Forests  

Old-growth forests provide unique habitat for wildlife, recreational opportunities, inspiration, 
and other values. Because these values are often hard to quantify, defining old forest, measuring 
the extent, and evaluating the quality at a statewide and bioregional scale has been problematic.  

Extent of area by forest type and by age class or successional stage  
Old-growth forests, as defined by USFS ecological criteria, are estimated at about 2.8 million 

acres (Table 4.5.3.6), or about 13 percent of the statewide Conifer land cover. 
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Table 4.5.3.6  
Statewide area of Old-growth by Ownership 

National 
Forest 

National Forest-Wilderness 
and Reserved 

Other 
public 

Other 
Public 
Reserve 

Private 
industrial 

Private 
non- 
industrial 

Total 

1,344,645 785,533 32,381 582,149 34,949 56,041 2,835,698 

The USFS ecological old-growth definition is applicable to unreserved forest lands (private, 
managed portions of national forest, state forests and other public land) and includes the following 
characteristics:  

• Minimum stand age: usually over 150 years old;  

• Tree size: usually greater than 30 inches DBH minimum;  

• Number of trees per stand: usually more than 6 trees per acre; and  

• Snag and down log components: varying from species to species 

• Old-growth forest types are most extensively found in Pine (30 percent), Mixed Conifer (26 
percent), and Fir (22 percent) forest types (Figure 4.5.3.4). 

 
Figure 4.5.3.4  Old-growth by forest type in California 

• Conifer forests attaining this structural condition are the most extensive in the Sierra and 
Modoc bioregions, occupying 1.6 million acres, 15 percent (1.6 million acres) of the 
Conifer land cover. High elevation red fir, lodgepole pine, and subalpine conifer forest 
types and mid elevation Sierra mixed conifer are the most common old-growth forest 
types in these bioregions. 

• Douglas-fir (both interior and coastal) is also an extensive old-growth species, with over 
409,000 acres, or 14 percent of the state old-growth total. 

• Redwood old-growth forests, found within California’s coastal bioregions are represented 
by less than 100,000 which include old-growth forest acreage and old growth icon for old-
growth forests in California and the U.S., have less than 100,000 acres, 3 percent of the 
total old-growth in the state. Old-growth represents about eight percent of the current 
extent of all redwood forests.  
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• Late successional forests, which include old-growth forest acreage and when considered 
as a regulatory definition, cover about 5.8 million acres in California, or about 25 percent 
of the total conifer land cover. Under California’s Forest Practice Rules this definition 
includes forests with following characteristics: 

• Average DBH of greater than  24 inches;   

• Canopy covers of greater than 40 percent; 

• Minimum stand size of 20 acres; and 

• Presence of decadent forest elements such as snags and down logs.  

These forests represent those that are most available and suitable for recruitment of old-
growth in the future. Approximately 48 percent of the old-growth stands are in reserve status 
administered by NPS, State Parks or National Forest Wilderness. Another 47 percent are within 
National Forest areas where timber management is permitted, but current management objectives 
generally do not impact these old-growth forests. Less than 5 percent of conifer old-growth forest is 
in private ownership.  

Most late successional forests, (83 percent) are within the Working Landscape management class. 
This class infers that much of the acreage is subject to land management activities such as logging or 
conversion to non-forest uses. The long-term future of developing late succession forests in stands 
most resembling old-growth will be highly dependent on how these working lands are managed (Figure 
4.5.3.5).  

 
Figure 4.5.3.5 Late successional forests by ownership and management class 

Snag and down log densities in California’s forests 
Plot data from the United States Forest Service (USFS) Forest Inventory and Analysis (FIA) 

program was used to describe the abundance and characteristics of snags and down logs in a variety 
of California forest types and ownership categories. Currently available snag and down log levels 
reflect conditions as of 2000 for public lands while private land data were collected between 1991 
and 1994. In general, Private Industrial and Private Non-Industrial lands have 40 percent fewer 
snags of all size and decay classes than are found on National Forest reserve lands. When compared 
to down log densities on National Forest reserve lands, those on private lands exhibit markedly 
higher densities. Private Industrial lands carry a high level of total down logs per acre when 
compared to other ownerships. Statewide, they possess down log densities 65 percent higher 
across all log sizes and decay classes than those on National Forest reserve lands.  
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4.5.3.7 California’s Grasslands and Shrublands 

Grass and shrublands vegetation types include any natural grassland, savannas, shrublands, 
deserts, wetlands, or woodland that supports a vegetative cover of native grasses, grass-like plants, 
forbs, shrubs, and naturalized species (Table 4.5.3.7).  

Table 4.5.3.7  
Area of Primary Rangeland by Ownership and CWHR Type (thousand acres) 

Habitat type Private USFS BLM NPS Other 
public 

Total 

Conifer Woodland             
   Juniper 339 317 234 66 59 1,015 
   Pinyon-Juniper 119 734 249 154 92 1,348 
   Total 458 1,051 482 220 151 2,363 
Hardwood Woodland             
   Blue Oak-Foothill Pine 754 39 121 17 49 979 
   Blue Oak Woodland 2,457 129 104 9 120 2,819 
   Coastal Oak Woodland 832 138 12 8 104 1,095 
   Eucalyptus 9 (L) (L) (L) 1 11 
   Valley Foothill Riparian 114 4 2 1 27 147 
   Valley Oak Woodland 126 1 2 (L) 9 137 
   Total 4,292 310 239 36 309 5,188 
Hardwood Forest             
   Montane Riparian 100 40 1 43 27 211 
Shrub             
   Alpine Dwarf Shrub 1 201 (L) 18 (L) 219 
   Bitterbrush 81 162 25 26 5 299 
   Chamise-Redshank 
Chaparral 

671 399 187 12 114 1,383 

   Coastal Scrub 1,175 218 74 28 235 1,730 
   Low Sagebrush 19 151 48 1 11 230 
   Mixed Chaparral 1,813 2,152 457 16 301 4,739 
   Montane Chaparral 369 1,032 23 43 14 1,481 
   Sagebrush 880 1,347 1,407 168 174 3,976 
   Unknown Shrub 426 12 40 8 24 509 
   Total 5,433 5,673 2,261 319 878 14,565 
Grasslands             
   Annual Grassland 9,592 233 496 38 494 10,852 
   Perennial Grassland 30 (L) (L) 4 32 67 
   Total 9,621 233 496 43 526 10,919 
Desert Shrub             
   Alkali Desert Scrub 630 70 1,184 470 648 3,003 
   Desert Riparian 15   18 3 11 47 
   Desert Scrub 3,348 126 8,326 4,136 3,099 19,036 
   Desert Succulent Shrub 115   216 17 156 503 
   Desert Wash 164 (L) 471 33 204 872 
   Total 4,272 197 10,216 4,659 4,117 23,461 
Desert Woodland             
   Joshua Tree 27 3 34 18 2 84 
   Palm Desert (L)   3   (L) 3 
   Total 27 3 37 18 2 87 
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Wetland             
   Wet Meadow 145 69 11 20 23 268 
Grand total 24,350 7,577 13,743 5,359 6,034 57,062 

 
California’s grass and shrublands occupy approximately 57% or 57 million acres. This land cover 

includes Desert Shrub accounting for 41 percent (23.5 million acres); Shrub accounting for 26 
percent (14.6 million acres); Grassland accounting for 19 percent (10.9 million acres); and 
Hardwood Woodland accounting for 9 percent (5.2 million acres) (Figure 4.5.3.6).  

Desert Shrub
42%

Grassland
19%

Shrub
26%

Hardwood Forest
<1%

Conifer Woodland
4%

Hardwood Woodland
9%

Wetland
<1%Desert Woodland

<1%

 

 

Figure 4.5.3.6 Percent of primary rangelands by land cover class 
 

A majority of the grass and shrublands of California are in public ownership. Forty-three 
percent of the plant communities composing grass and shrubland within California are privately 
owned while 57 percent are publicly owned (Figure 4.5.3.7). This ownership pattern varies among 
the bioregions of the state. As shown in Table 4.5.3.8, a majority of private ownership exists in four 
bioregions (Bay/Delta, Klamath/North Coast, Central Coast, and South Coast). The largest acreage of 
private rangeland is found in the Sierra and Central Coast bioregions. 

Private
43%

BLM
24%

NPS
9%

USFS
13%

Other Public
11%

 

 

Figure 4.5.3.7 Percent of primary rangeland by ownership, 1997 
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Table 4.5.3.8  
Area of Primary Rangelands by Major Ownership and Bioregion (thousand acres) 

Owner Bay/Delta Modoc Klamath/ 
North Coast 

Sierra Central 
Coast 

South 
Coast 

All 
others* 

Statewide 

BLM  38 1,297 283 982 309 140 10,694 13,743 
NPS  58 54 18 162 15 18 5,033 5,359 
Other 
public  

177 193 63 382 420 426 4,373 6,034 

Private  2,031 1,549 2,457 3,396 4,598 1,992 8,328 24,350 
USFS   1,325 829 2,512 1,474 1,305 132 7,577 
Total 2,304 4,420 3,650 7,434 6,815 3,881 28,559 57,062 

 
Ownership of grass and shrubland types is not evenly distributed. A majority of Hardwood 

Woodland, Grassland, and Wetland habitats are privately owned. In contrast, a majority of Shrub, 
Desert Shrub, and Desert Woodland habitats are publicly owned (Figure 4.5.3.8).  

 

 
Figure 4.5.3.8 Percent of primary rangelands in public and private ownership by land cover class 

 
Decline in Extent of Grassland and Shrubland Types 

The decline in grass and shrubland extent has a variety of effects including reduction in the role 
of private rangeland as cost effective provider of sustainable resource based economic activity, 
certain wildlife habitats, and open space. In addition, the probability of conversion for residential or 
commercial use increases when ranching is no longer cost effective. Several estimates have been 
made regarding change in area of these significant plant communities. Each uses different analysis 
methods and different definitions resulting in estimates that are not directly comparable. However, 
these estimates reflect the varying degrees of change in the land base and all identify one clear 
trend: the grass and shrubland land base has been declining throughout the 1990s up to 90,000 
acres per year. 
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Summarized below and displayed in Table 4.5.3.9 are three different estimates of change to the 
grass and shrubland land base. These estimates are not related are used here to frame the possible 
extent of land change.  

Future changes in grass and shrubland area 

The extent of grassland and shrublands in California including that available for grazing is likely 
to experience continued reductions in extent in the future. Additional and permanent land 
conversions to housing, commercial development and other agricultural land uses are all likely to 
reduce the extent of these plant community types. To help identify the impact of housing 
development on California’s grass and shrublands, FRAP has modeled the projected change in area 
that may be attributed to housing and commercial development. This model projects the area of 
new “development” high-density urbanization (housing unit density greater than one unit per acre) 
and low-density development (housing densities between one unit per acre and 20 units per acre) 
by the year 2040. 

Substantial areas of grass and shrubland plant community types are projected to have 
development impacts over the next 40 years, with the Sierra, Mojave and South Coast bioregions 
expected to experience the greatest area influenced by this land use (Figure 4.5.3.9). Nearly 2.0 
million acres of grass and shrubland are projected to be developed between 2000 and 2040, with 
the bulk of the development likely to occur in the Grassland, Shrub, Hardwood Woodlands, and 
Desert Shrub land covers (Table 4.5.3.10). Projected development of grass and shrublands will not 
be evenly distributed throughout California (Figure 4.5.3.9). 

Table 4.5.3.9  
Changes in Rangeland Area or Vegetation Reported by Various Monitoring Methods (thousand 
acres) 

 FRAP Census Housing 
Density Analysis 

NRI FRAP LCMMP 

Period 1990 to 2000 1982 to 1997 Various 5 year 
periods during 

the 1990s 
Total area change -587 -624 -422 
Annual average 
change 

-58 per year -42 per year -84 per year 

Area includes Weislander Map 
vegetation types (1940s): 

eastside conifer; chaparral; 
coast sage; grass; 

sagebrush; hardwood 
lands; woodland grass. 

All non-federal lands with 
natural vegetation available 
and suitable for grazing of 

domestic livestock. Excludes 
forested conifer and 

hardwood lands. 

Hardwood and 
Shrub lands 
classified by 

FRAP. 

Change reflects Changes to high-density 
development (greater than 
one housing unit per acre) 

and low-density 
development (at least one 
housing unit per 20 acres). 
No other causes modeled. 

Net transfer and land 
conversion to developed use, 
agricultural uses, forest land, 

and federal ownership. 

Small to large 
changes in the 

vegetation 
canopy cover. 
Does not imply 
complete land 

conversion. 
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Figure 4.5.3.9 Projected rangeland development by bioregion, 2000-2040 

 
Table 4.5.3.10  
Projected Rangeland Development in California, 2000 to 2040 (thousands of acres) 
Land Cover type 2000-2010 2010-2040 2000-2040 
Conifer Woodland 6 11 17 
Desert Shrub 49 216 265 
Desert Woodland 2 2 3 
Hardwood Forest 3 3 6 
Hardwood Woodland 147 316 463 
Grassland 190 456 646 
Shrub 165 348 514 
Wetland 1 2 3 
Total Rangeland 563 1,354 1,917 

 
The Sierra bioregion is expected to incur the highest level of development on grass and 

shrublands for the 1990 to 2040 period. Over 600,000 acres of grass and shrubland will potentially 
be affected. Complete regional statistics on projected development by natural vegetation type and 
CWHR habitat type can be found in Appendix A. 
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4.5.4 Invasive Plant Species 

4.5.4.1 Introduction 

Following habitat loss, invasive species are the second largest threat to California’s biodiversity. 
Invasive plant species compete for resources and growing space with native species, while the 
native species often have not evolved to defend themselves against these foreign predators and 
disease (Barbour, 2007). Invasive species frequently change physical ecosystem processes such as 
nutrient cycles, hydrology, wildfire regimes, sedimentation and erosion, light availability, and plant 
community structure (Bossard et al., 2000). 

The spread of invasive species has an economic impact also. Extensive areas of rangeland 
forage have been crowded out by invasive species and because they are low in nutrients or even 
toxic to livestock, they usually lower the quality and value of land as rangeland. Some invasive plant 
species generate higher fuel loads than native plants, which can lead to more frequent and 
catastrophic wildfires increasing firefighting costs, while other invasive species have been shown to 
lower natural water tables by consuming large quantities of water. Invasive species significantly 
degrade, and often even eliminate wildlife habitat, putting even more strain on already struggling 
threatened and endangered native species (CAL-IPC, 2006). The California Invasive Plant Council has 
estimated that the state of California spends an estimated $82 million on invasive plant work such 
as controlling and monitoring, and education and over a third of that cost falls on state agencies 
(CAL-IPC, 2008). 

Invasive plant species are most likely found in habitats that have experienced human 
disturbance. Forest related examples of disturbances are roads, skid trails, firefighting and forest 
openings. Such disturbance can be associated with VTP vegetation or land management projects. 
Other examples of disturbed areas where invasive plants are likely to be found are altered water 
courses, dam sites and agriculture (Bossard et al., 2000).  

4.5.4.2 Invasive species effects on wildfire regimes 

For many ecosystems, fire regimes are one of their defining characteristics. One of the most 
extensive influences invasive plants can have on an ecosystem is to alter their fire regimes. As 
invasive species move into ecosystems, their intrinsic fuel properties, which involve the plant’s 
flammability and ignition potential, and extrinsic fuel properties, which relates to how the plants are 
arranged on the landscape, both can directly influence fuel loads, fire frequency, intensity and 
seasonality, and burn continuity. These changes in fire regimes can alter a plant community and 
even transform entire ecosystems, allowing the invasive species to take over the entire community 
and also lead to new opportunities for more invasive species to colonize or expand their habitat 
(Brooks, 2004). 

Annual nonnative Eurasian grasses now dominate 98 percent of California grasslands (Barbour, 
2007) Nonnative Bromus spp., like cheatgrass, rip gut, and red brome frequently converts native 
coastal and desert shrubland communities into annual grasslands (Brooks, 2004). The finely 
textured grasses produce fuels that dry quickly under low soil and low atmospheric humidity 
conditions and increase the horizontal fuel continuity and fuel bed bulk density which promotes 
ignitions and fires earlier in the spring and later in the fall than normal fire regimes, often increasing 
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the fire season and changing the ecosystem’s historical infrequent fire interval of 60 to 100 years to 
a rapid 3 to 5 year interval (Barbour, 2007). The invasive grasses are able to exploit these changes in 
the fire regime by more quickly establishing than the native species in the post fire disturbed areas, 
and eventually the original components of the plant community have been changed, and in turn 
alters the entire ecosystem. Once the fire frequency of native shrub landscapes has gone through 
these type conversion transformations, they may never recover because of changed factors such as 
soil nutrients and high densities of the invaders seed banks (Brooks, 2004). These new communities 
burn more rapidly and frequently affecting animals that are dependent on this landscape for forage 
and cover, such as the sage grouse, black-tailed jack rabbit and Paiute ground squirrel, which in turn 
affects predators that depends on these species for food, such as golden eagles and prairie falcons. 
Fast moving fires are lethal to native reptiles, such as snakes and desert tortoises which are killed in 
these circumstances (Brooks, 2004). 

There are fewer invasive species found in California’s montane conifer forests than shrub and 
grasslands, however these ecosystems are also experiencing negative changes from invasive plants, 
largely due to unintended side effects from past and current management practices. Practices such 
as logging, livestock grazing and fire suppression have allowed for unusually high woody fuel 
accumulation and has changed forest systems from surface fire to more intensive crown fires, 
altering forest fire regimes. If a forest in these altered conditions experiences a wild fire, large 
crown gaps are created and adult trees and cones are diminished or destroyed, so new tree 
generation can be slow because normal seed dispersal mechanisms are not functioning. This allows 
for invasive species to establish. Post fire management can also promote invasive species in conifer 
forests. The common practice of using herbicides to suppress shrubs in order to reduce competition 
with new seedlings actually interferes with the natural seral stages of nitrogen fixing shrub 
establishment, which normally prepares the soil for seedling growth. With the absence of shrubs, 
invasive annual grasses have a better chance of establishing, which diminishes habitat and food 
sources for small mammals and eventually alters the fuel structure, fire frequency, and thus entire 
fire regime (Keeley et al., 2011).  

4.5.4.3 Invasive Species Inventory 

The leading organization that maintains the most comprehensive inventory of non-native plants 
in California is the California Invasive Plant Council (CAL-IPC). According to CAL-IPC, approximately 
1,800 non-native plants grow in the wild in the state, but approximately 200 are currently being 
inventoried due to their level of impact on natural ecosystems (CAL-IPC, 2006). Of the species being 
inventoried, 39 are considered High Impact which are defined as having a severe impact on physical 
processes, plant and animal communities and vegetation structure. Sixty-five species are classified 
as Moderate Impact and are considered having a substantial, but not severe impact on systems, 
while 89 are classified as Limited Impact, meaning they are invasive, but their statewide impacts are 
minor, or there may not be enough information to rate them higher (CAL-IPC, 2006). 

According to the CAL-IPC inventory, the Central Western region, Northwestern and 
Southwestern regions of California have the highest diversity of invasive plants that are known to 
have a negative environmental impact (Figure 4.5.4.1). The Central Western region has the highest 
number of species that are considered to have a negative ecological High Impact (Figure 4.5.4.2). 
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Out of California’s major ecosystem types, forests and rangeland have the highest number of 
invasive species, with 37% found in grassland/rangeland and 34% found in Forests/ 
Woodlands/Scrublands. The remaining 29% are found in riparian, wetlands, aquatic and dune 
habitats (Barbour, 2007). 

 
 

Figure 4.5.4.1 Diversity of Invasive Species 
Source: CAL-IPC, 2006. California Invasive Plant Inventory 
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Figure 4.5.4.2 Ecological Impact of Invasive Species  

High Impact Species Profiles 
Below is a profile of some of the more problematic invasive species in California forest and 

range wildlands. All of the species profiled below have been categorized by the California Invasive 
Plant Council in the High Impact level, because of their aggressive ability to displace natives and 
disrupt natural habitat, and because of their widespread distribution across the state. 

Yellow starthistle  (Centaurea solstitialis)  
Yellow starthistle is most commonly found in the Sacramento and northern San Joaquin Valleys, 

Inner North Coast Ranges, northern Sierra Nevada foothills, Cascade and Klamath Ranges, and the 
central-western regions of the state (DiTomaso et al., 2000). It is rapidly spreading in mountain 
regions below 7,500 feet and in the central western region. The California Department of Food and 
Agriculture (CDFA) has conducted surveys and estimates that the weed covers over 12 million acres 
in California (CDFA, 2012). Starthistle is very productive because it produces large numbers of seeds 
and grows quickly, and it tends to spread to disturbed areas, but it is also capable of spreading into 
pristine regions too (DiTomaso et al., 2000). 

Yellow starthistle is considered one of the most problematic rangeland invasives in the state of 
California. It depletes, and even destroys rangeland forest quality by depleting the forage nutrients 
and can be poisonous and even lethal to some types of livestock. It can also become a physical 
barrier and limit access to recreation areas. It degrades private property, range and timberland 
values. Yellow starthistle is also devastating to natural ecosystems because it displaces native plants 
and animals and changes geomorphologic systems by lowering moisture levels in annual grasslands, 
and causing a shift in ecosystems (DiTomaso et al., 2000). 
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Tamarisk Species (Tamarix spp.) 
Tamarisk species, is readily found throughout the Mojave and Colorado Deserts, Owens Valley, 

Inyo County, Central and South coasts, San Joaquin Valley, San Francisco Bay Area, Sacramento 
Valley, particularly Yolo and Solano Counties. It is most often located where there is year round 
surface or subsurface water available, such as stream banks, lakes and pond edges, springs, canals, 
ditches and some washes. It tends to establish in disturbed sites, including burned areas (Lovich, 
2000). 

Tamarisk is well known to cause geomorphologic changes because it has a high 
evapotranspiration rate and it uses more water than native species so it limits ground water 
availability by lowering water tables which reduces or eliminates surface water for native plants and 
animals, which can change an entire plant community composition. It can trap sediment which 
usually alters the shape, carrying capacity, and flooding cycles of the washes. It also tends to 
increase fire frequency by creating fuel loads from accumulated deciduous leaf litter. It tends to 
change soil chemistry by increasing soil salinity and overcomes native riparian plant communities 
(Lovich, 2000). Native bird, small mammal and invertebrate diversity usually decrease where native 
woodland communities have been replaced by tamarisk (Stien et al., 1996). 

Scotch broom English broom, common broom (Cytisus scoparius) 
Scotch broom is found along most of the California coast from Monterey north to the Oregon 

border, northern California’s interior mountain’s lower slopes in El Dorado, Nevada, and Placer 
Counties. It also exists in Los Angeles and San Bernardino Counties. It’s usually found in disturbed 
areas such as road cuts, and forest clearcuts, but also colonized along river banks, grassland, 
shrubland, and forest borders below 4,000 feet (Bossard, 2000). 

Scotch broom reproduces rapidly and spreads easily. A medium-sized shrub can produce over 
12,000 seeds a year, seedbanks can remain dormant for up to 80 years, and they can be readily 
dispersed by rain water, and the plants can resprout from the root after cutting, fire and even 
freezing (Bossard, 2000).  

Scotch broom frequently out-competes native plants, turning plant communities into 
monotonous stands. Scotch broom can be detrimental to forest revegetation projects because it 
shades out tree seedlings. It can also aid in fire frequency and intensity, because it burns well and 
aids in carrying fire to the tree canopy. The seeds can be toxic to ungulates and the foliage can be 
dangerous for horse health. It’s immense and long living seedbank makes it a very difficult species 
to control (Bossard, 2000). 

Giant reed (Arundo donax) and pampasgrass (Cortaderia selloana) 
Giant reed and pampas grass are found in the Central Valley, Coast Range, North Coast region, 

the San Francisco Bay Area Southern California and Mojave Desert. Both of these invasive species 
are tall perennial grass (family Poaceae) that typically forms dense stands on disturbed sites, dunes, 
riparian areas, and wetlands. Some stands span entire river channels. Although they are often 
associated with disturbed sites, they can also colonize with native riparian stands such as 
cottonwood and willow (Dudley, 2000). 
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Both grasses are threatening California’s riparian ecosystems by outcompeting native species 
and even altering hydrological regimes. Giant reed alters riparian communities by shading out in-
stream habitat which leads to water temperatures increases. As native plant communities are 
altered, habitat and food supplies become scarce for native birds, fish and amphibians. These 
ecosystem changes alter habitat and food supplies become scarce for wildlife. These changes 
particularly affect insect populations, but also special status species such as least Bell's vireo, 
southwestern willow flycatcher, and yellow-billed cuckoo, arroyo toad, red-legged frog, western 
pond turtle, Santa Ana sucker, arroyo chub, unarmored three-spined stickleback, tidewater goby, 
and southern steelhead trout (Barbour, 2007; Dudley, 2000). The presence of pampas grass in 
forests can be a problem because it tends to compete with seedlings and impede their 
establishment and growth. Heavy infestations can even block access to plantations and increase fire 
hazard (DiTomaso, 2000). 

Both species can easily become a public nuisance after flood events because uprooted plants 
often need to be cleaned up, or they create hazards by getting trapped behind bridges and other 
structures. They often increase flood control issues by increasing bank erosion and undercutting 
banks. They often decrease the aesthetic and recreational value of many natural areas (DiTomaso, 
2000; Dudley, 2000). Both of these invasive species build up dry leaves and flowering stocks that 
increases fire hazard and increases the fuel frequency of habitats that historically do not burn on a 
regular basis and are not adapted to fire (Barbour, 2007; DiTomaso, 2000). 

4.5.4.4 Controlling Invasive Species 

The most cost effective and efficient method of control is prevention. There are a number of 
ways to prevent new infestations and limiting the spread of species to new sites. The USDA restricts 
the movement of many invasive plants, and the California Invasive Plants Council has published a 
very thorough and highly recommended technical guide for land managers to incorporate into their 
practices called “Preventing the Spread of Invasive Plants: Best Management Practices for Land 
Managers.” (CAL –IPC, 2012). 

If invasive plants are already established and are causing ecological and economic harm then 
more aggressive action will be needed. Most restoration in California involves removing or 
controlling invasive species in order to reestablish a healthy ecosystem that can sustain desired 
native species, communities and ecosystem processes (Barbour, 2007). 

Invasive plant control/eradication and ecosystem restoration needs to be precluded by a 
management plan that addresses goals and objectives, identifies and prioritizes the targeted 
species, (for example species with high potential to alter fire regimes should be high priority), 
available methods for weed control, and long-term monitoring  maintenance and control (Bossard 
et al., 2000). Long-term monitoring and control of preventing the establishment of new invasive 
species infestation is a critical element to a successful weed management plan because work hours 
and resources increases exponentially with the size of the infestation (Barbour, 2007). 

There are a variety of techniques that can be used to control invasives: manual, mechanical, 
encourage competition from native plants, grazing, biocontrol, herbicides, prescribed fire, 
solarization, flooding and other creative methods (Bossard, et al., 2000). Different methods or a 
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combination of methods have their advantages and disadvantages for each given situation. The 
manager needs to evaluate their unique situation and the control option that best fit that situation. 
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4.6 Air Quality Setting 

4.6.1 Introduction 
California’s diverse topography and meteorology combined with population pressure make it 

one of the most complex environments for monitoring air quality and emissions. Vegetation 
management activities proposed by this program have the potential to generate emissions 
identified by the State of California as pollutants of concern, which fall under the jurisdiction of 
federal, state and local air quality regulatory environment. 

4.6.2 Regulatory Framework 

Federal  

Federal Clean Air Act 
The Federal Clean Air Act of 1963 (amended several times, most recently in 1990) requires the 

Environmental Protection Agency (EPA) to establish National Ambient Air Quality Standards 
(NAAQS) for air pollutants or air pollutant groups that pose a threat to human health or welfare. The 
Federal standards are two tiered; primary standards – designed to protect public health; and 
secondary standards – designed to protect the environment, such as visibility, damage to property, 
soil, vegetation, etc. Tables 4.6.5 and 4.6.6 lists the air pollutants and the federal ambient air quality 
standards. 

The EPA has established NAAQS for six criteria pollutants: ozone, sulfur dioxide (SO2), nitrogen 
dioxide (NO2), lead, particulate matter, and carbon monoxide (CO). Two separate standards have 
been set for particulate matter, one for particulate matter 10 microns or less in diameter (PM10), 
the other for particulate matter 2.5 microns or less in diameter (PM2.5). 

Ambient air quality standards are set to address both short-term and long-term air quality 
impacts on human, animal, and other biotic and abiotic receptors. They are applied to 
measurements of ambient air quality; that is, the combination of all pollutants from all sources 
found at monitoring points. Given these considerations, ambient air quality standards can be 
considered benchmarks for significant adverse cumulative effects of air pollutants. 

Air basins that have not violated an ambient air quality standard are considered to be in 
attainment for that standard. Conversely, air basins with recorded violations of an NAAQS are 
classified as non-attainment areas for that pollutant. For certain pollutants such as PM10, California 
has more stringent standards than those set by EPA. Consequently, an air basin may be classified as 
a non-attainment area for the state PM10 standard while it is in attainment for the federal PM10 
standard.  

Once an air basin has been classified as non-attainment for the NAAQS, the responsible district 
must prepare State Implementation Plan (SIP) describing the specific steps that will be taken to 
bring them into compliance. These steps primarily include rules and regulations to limit emissions 
from targeted stationary and mobile sources. The Federal Clean Air Act contains specific time 
frames by which the NAAQS must be met; otherwise, federal sanctions can be imposed. 
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EPA Interim Air Quality Policy on Wildland and Prescribed Fires 
The EPA does not directly regulate the use of fire within a State. The EPA’s authority is to 

enforce the requirements of the Clean Air Act (CAA). In 1998, the EPA issued an interim policy 
addressing public health and welfare impacts caused by wildland and prescribed fires that are 
managed for resource benefits.  

The policy recommends that states develop a voluntary Smoke Management Program (SMP), 
which must be certified by the EPA. Once the SMP is certified and implemented, the EPA will allow 
two days per year in excess of the NAAQS for PM2.5 attributable to prescribed burning without 
declaring the airshed out of attainment. On the third violation, the area will be designated out of 
attainment, the Smoke Management Program will become mandatory, and a SIP must then be 
prepared. 

(SMPs) – Smoke Management Programs 
The purpose of SMPs are to mitigate the nuisance and public safety hazards posed by smoke 

intrusions into populated areas; to prevent deterioration of air quality and NAAQS violations; and to 
address visibility impacts in mandatory Class I Federal areas. Some strong indications that an area 
needs a SMP are:  (1) citizens increasingly complain of smoke intrusions; (2) the trend of monitored 
air quality values is increasing (approaching the daily or annual NAAQS for PM2.5 or PM10) because 
of significant contributions from fires managed for resource benefits; (3) fires cause or significantly 
contribute to monitored air quality that is already greater than 85 percent of the daily or annual 
NAAQS for PM2.5 or PM10; or (4) fires in the area significantly contribute to visibility impairment in 
mandatory Class I Federal areas (EPA 1998). 

If a smoke management plan is not developed, and burning activities are found to contribute to 
particulate concentrations above the NAAQS, EPA will force development and implementation of a 
mandatory smoke management plan and may re-designate these areas as non-attainment, which 
then imposes requirements for emission reductions (McMahon, 1999). 

State 

California Clean Air Act 
The California Clean Air Act of 1988 differs from the Federal Clean Air Act in that no sanctions 

or specific timelines for attainment of the California Ambient Air Quality Standards (CAAQS) have 
been established. The CAAQS (Table 4.6.7) were enacted in response to the need for new air quality 
requirements which are more protective of public health. California has also set standards for some 
pollutants that are not addressed by federal standards. This act requires air quality attainment at 
the earliest practicable date, and reasonable progress must be made each year. Similar to the 
Federal Clean Air Act, the California Clean Air Act requires that attainment plans be prepared for 
designated non-attainment areas.  

The California Air Resources Board (CARB), which oversees both State and Federal air pollution 
control programs in California, has divided the state into air basins (Table 4.6.1; Figure 4.6.1). 
Authority for air quality management within each basin has been given to local Air Pollution Control 
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Districts, which regulate stationary source emissions and develop local non-attainment plans within 
their jurisdiction.  

CARB is also responsible for the regulation of air toxins and developed a comprehensive 
California Air Toxics Program (CATP) in the early 1980s, guided by the Toxic Air Contaminant 
Identification and Control Act (AB1807; Tanner, 1983). The CATP establishes the process for the 
identification and control of toxic air contaminants and includes provisions to make the public 
aware of significant toxic exposures and for reducing risk. The primary regulatory mechanisms are 
“airborne toxic control measures” (ATCMs). Each ATCM is codified under Title 17 of the California 
Code of Regulations (17 CCR). 

The CARB is also responsible for specifying each day of the year as a permissive burn day, or a 
no-burn day for each air basin or other specified area. These decisions determine when agricultural 
and prescribed wildland burning may occur based on weather and air quality conditions. For 
permission to burn, however, individuals are required to contact their local air quality management 
district, which has information on local conditions, including fire danger.  

Table 4.6.1  
Air Quality Districts by Air Basin 

Air basin Districts  Air basin Districts 
Great Basin Valley Great Basin Unified AQMD Sacramento Valley Butte APCD 

Lake County Lake APCD  Colusa APCD 

Lake Tahoe El Dorado APCD  Feather River AQMD 

 Placer APCD  Glenn APCD 

 Antelope Valley APCD  Placer APCD 

 Kern APCD  Sacramento Metro AQMD 

 Mojave Desert AQMD  Shasta APCD 

 South Coast AQMD  Tehama APCD 

Mountain Counties Amador APCD  Yolo-Solano AQMD 

 Calaveras APCD Salton Sea South Coast AQMD 

 El Dorado APCD  Imperial County APCD 

 Mariposa APCD San Diego San Diego APCD 

 Northern Sierra AQMD San Francisco Bay Area Bay Area AQMD 

 Placer APCD San Joaquin Valley San Joaquin Valley Unified AQMD 

 Tuolumne APCD South Central Coast San Luis Obispo APCD 

North Central Coast Monterey Bay Unified AQMD  Santa Barbara APCD 

North Coast Mendocino APCD  Ventura APCD 

 North Coast Unified AQMD South Coast South Coast AQMD 

 Northern Sonoma AQMD   

Northeast Plateau Lassen APCD   

 Modoc APCD   

 Siskiyou APCD   
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Figure 4.6.1 – Air basins within California 

Attainment status  
The California Health and Safety Code section 39607(e) requires the CARB to establish and 

periodically review area designation criteria which provide the basis for the ARB to designate areas 
of the State as under “Attainment”, “Non-Attainment”, or “Unclassified” for the State standards. 
Non-attainment areas are then given a ranking of severe, serious or moderate. 

The EPA makes National area designation for the five criteria pollutants: ozone, carbon  
monoxide, nitrogen dioxide, sulfur dioxide, and PM10. Federal law requires states to submit 
recommendation on area designations based on monitoring results for EPA approval. 

The following categories are used for both State and Federal designations. 

• Unclassified–a pollutant is designated unclassified if the data are incomplete and do not 
support a designation of attainment or non-attainment; 

• Attainment–a pollutant is designated attainment if the State standard for that pollutant was 
not violated at any site in the area during a three-year period; 

• Non-attainment–a pollutant is designated non-attainment if there was at least one violation 
of a State standard for that pollutant in the area; and 

• Non-attainment/transitional–is a subcategory of the non-attainment designation. An area is 
designated non-attainment/transitional to signify that the area is close to attaining the 
standard for that pollutant. 

Tables 4.6.5 and 4.6.6 show the attainment status for each California air basin (State and 
Federal Standards) with regard to common pollutants of public concern. The air quality standards 
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are listed in Table 4.6.7. Many of the air basins across southern California, Mountain Counties, and 
the Lake Tahoe air basin are in non-attainment for ozone and particulate matter (PM10). All of the 
air basins are in attainment for the NO2 standard except the South Coast Air Basin, which is a non-
attainment area for the federal and state NO2 standard.  

Local  
The CARB has delegated much of its air pollution control authority to local air pollution control 

districts and air quality management districts. California’s 15 local air basins are identified in Figure 
4.6.1. For certain air basins covering more than one county, a unified Air Quality Management 
District (AQMD) has been formed to manage air quality issues throughout the basin. In other multi-
county air basins, individual districts' Air Pollution Control District (APCD) manage air quality in only 
a single county.  

When a region falls outside of attainment, individual air districts or groups of air districts 
prepare air quality management plans designed to bring an air basin into compliance with relevant 
ambient air quality standards. Those plans, which are submitted to the CARB for approval, usually 
contain an emission inventory and a list of rules proposed for adoption. The districts regulate 
emissions from stationary sources while the State regulates emissions from mobile sources such as 
cars and trucks.  

Each air quality district maintains its own air quality rules and regulations, including specific 
regulations regarding open burning. Open burning regulations encompass both agricultural burning 
and prescribed wildland burning. The air quality district controls emissions by limiting the acreage 
per day that can be burned and requiring a permit from the applicable air district. All open burning 
is restricted only to burn days permitted by the CARB. The CARB uses information on existing air 
quality conditions and meteorological predictions to determine whether to allow burning and the 
volume of burning it will allow. However, each air district, fire control agency, or burning permit 
agency has the authority to be more restrictive than the CARB to avoid air quality impacts. 

4.6.3 Pollutants of Concern 
Ozone 

Ozone (O3) is a colorless gas with a pungent odor. High ozone concentrations exist naturally in 
the stratosphere. Ozone forms in the atmosphere when hydrocarbon and oxides of nitrogen 
(NO/NO2), pre-cursor emissions, react in the presence of sunlight. Ozone within the stratosphere is 
considered beneficial as it filters ultraviolet radiation; it is also a highly reactive oxidant that has 
damaging effects upon materials, plants, and human health at the earth’s surface. 

Ozone is a regional pollutant, influenced primarily by meteorology and terrain for its formation. 
It is the chief component of urban smog. Low wind speeds or stagnant air, coupled with warm 
temperatures and cloudless skies provide for the optimum conditions. As a result, summer is 
generally the peak O3 season. 
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Ozone levels are measured at established monitoring sites within each air basin. The State 
standard for acceptable levels of O3 is 0.09 PPM for one hour (Table 4.6.7). When this level is 
exceeded in any monitored site, the entire day is tallied as a “non-attainment day.” 

Statewide, O3 levels and non-attainment days have been decreasing. However, O3 levels 
remain high among the air basins traditionally known to have higher levels, such as the South Coast, 
San Joaquin Valley, and Mojave Desert air basins. Although days of non-attainment are very low or 
non-existent within the Great Basin Valley, Lake County, Lake Tahoe, North Coast, and the 
Northeast Plateau air basins, ozone still remains a chronic stress even in levels below the state 
standard. See California Air Resources Board ADAM database. 

Ambient ozone concentrations are known to cause adverse health effects. Ozone enters the 
human body through the respiratory system causing irritation and discomfort, making breathing 
more difficult and reduces the respiratory ability to remove inhaled particles and fight infection. 
Ozone has also been known to cause significant damage to crops, forestland and other ecosystems. 

Inhalable Particulate Matter (PM10 and PM2.5) 
Particulate matter can be directly emitted or can be formed in the atmosphere when gaseous 

pollutants such as sulfur and nitrogen oxides undergo chemical reactions in the atmosphere. 
Primary PM consists of carbon (soot) — emitted from cars, trucks, heavy equipment, forest fires, 
and burning waste — and crustal material from unpaved roads, stone crushing, construction sites, 
and metallurgical operations. 

Secondary PM forms in the atmosphere from gases. Some of these reactions require sunlight 
and/or water vapor. Secondary PM includes: 

• Sulfates formed from sulfur dioxide emissions from power plants and industrial facilities 

• Nitrates formed from nitrogen oxide emissions from cars, trucks, and power plants 

• Carbon formed from reactive organic gas emissions from cars, trucks, industrial 
facilities, forest fires, and biogenic sources such as trees. 

PM10 refers to particles with an aerodynamic diameter ten microns or smaller. PM10 is a major 
air pollutant that consists of tiny solid or liquid soot, dust, smoke, fumes, or mist particles that is a 
known cause of visibility reduction. The size of the particles allows them to enter the air sacs deep 
in the lungs where they may be deposited, and can be especially harmful to people with existing 
vascular or respiratory illness, the aged and the very young. The PM10 data are reported as 24-hour 
average concentrations in ug/m3. 

PM10 includes a subgroup of finer particles, PM2.5 (particulate matter 2.5 microns or smaller). 
PM2.5 particles pose an increased health risk because they can deposit deep in the lungs and 
contain substances that are particularly harmful to human health. The EPA created national PM2.5 
standards in 1997. The standards include an annual standard set at 15 micrograms per cubic meter, 
based on the 3-year average of annual mean PM2.5 concentrations and a 24-hour standard of 65 
micrograms per cubic meter, based on the 3-year average of the 98th percentile of 24-hour 
concentrations. 
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4.6.4 Sources of Pollutants 
The primary source of air quality emissions due to implementing the VTP will be smoke from 

prescribed fire or pile burning. Fuel combustion results in emissions of gaseous air pollutants, such 
as CO, Reactive Organic Gases (ROGs), SO2, and NOx. Emissions from fire result in both PM10 and 
gaseous emissions, although PM10 emissions are the most significant effect. The chemistry of the 
fuel as well as the efficiency of combustion governs the physical and chemical properties of the 
resulting smoke from fire. Air quality impacts due to fire emissions are affected more by weather 
patterns than by quantities of fuel consumed 

Table 4.6.2 breaks down the average annual emissions due to wildfire by air basin for 2008 
(CARB, 2008). The Mountain counties, North Coast, Sacramento Valley and San Joaquin Valley 
experience the most heavily impacted air quality due to wildfire. Wildfire season is predominately 
late summer, early fall during which air quality already experiences increased ground level ozone 
pollution, dense smoke from wildfires during this time can exacerbate the problem.  

Table 4.6.2  
Average Annual Emissions from Wildfires in California (2008) in tons/yr. 
  TOG   ROG   CO  NOX   SOX   PM   PM10   PM2.5  
 GREAT BASIN VALLEYS 
AIR BASIN  

            
339  

          
212  

           
3,073  

          
110  

            
33  

            
332  

            
321              274  

 LAKE COUNTY AIR BASIN  
         

4,964  
       

3,154  
         

45,140  
       

1,529  
          

471  
         

4,851  
         

4,661           3,953  

 LAKE TAHOE AIR BASIN  
              

37  
            

26  
              

343  
            

11  
              

4  
              

37  
              

37                29  
 MOJAVE DESERT AIR 
BASIN  

         
3,811  

       
1,391  

         
34,657  

       
1,033  

          
318  

         
3,635  

         
3,493           2,964  

 MOUNTAIN COUNTIES AIR 
BASIN  

       
15,914  

       
8,939  

       
144,668  

       
4,431  

       
1,365  

       
15,242  

       
14,647         12,428  

 NORTHEAST PLATEAU AIR 
BASIN  

         
8,526  

       
5,022  

         
77,486  

       
2,628  

          
810  

         
8,326  

         
8,001           6,789  

 NORTH CENTRAL COAST 
AIR BASIN  

         
1,748  

          
394  

         
15,881  

          
544  

          
168  

         
1,708  

         
1,643           1,394  

 NORTH COAST AIR BASIN  
       

15,764  
       

3,424  
       

143,314  
       

5,004  
       

1,544  
       

15,491  
       

14,885         12,633  
 SACRAMENTO VALLEY 
AIR BASIN  

       
15,199  

       
4,442  

       
138,171  

       
4,391  

       
1,354  

       
14,658  

       
14,089         11,954  

 SALTON SEA AIR BASIN  
            

485  
          

307  
           

4,413  
          

128  
            

40  
            

460  
            

442              376  

 SAN DIEGO AIR BASIN  
         

5,522  
       

3,380  
         

50,217  
       

1,540  
          

475  
         

5,296  
         

5,088           4,318  
 SAN FRANCISCO BAY 
AREA AIR BASIN  

         
1,982  

          
529  

         
18,016  

          
591  

          
183  

         
1,924  

         
1,851           1,570  

 SAN JOAQUIN VALLEY AIR 
BASIN  

       
13,954  

       
8,833  

       
126,841  

       
3,873  

       
1,194  

       
13,355  

       
12,837  

        
10,892  

 SOUTH CENTRAL COAST 
AIR BASIN  

         
4,803  

       
2,847  

         
43,676  

       
1,354  

          
416  

         
4,614  

         
4,435           3,763  

 SOUTH COAST AIR BASIN  
         

6,592  
       

3,964  
         

59,937  
       

1,814  
          

558  
         

6,304  
         

6,059           5,143  

Table 4.6.3 illustrates projected annual average emission for various fuel management activities 
in comparison to emissions from wildfire. Overall, prescribed fire emission account for less than 1% 
of TOG, ROG, NOx, and SOx emissions. Forest Management emissions are projected from data only 
from the San Joaquin Valley. These activities show the highest emission values, with 4.13% of total  
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CO emissions and 1.12% of overall PM emissions. 
 

Figures 4.6.2 – 4.6.4 Illustrate emissions related to prescribed fire activity in comparison to 
other baseline pollutants. The category of prescribed burning encompasses the following 
categories:  range improvement, forest management, wildland fire use, weed abatement, non-
agricultural open burning, and other miscellaneous prescribed fire activities. These numbers tend to 
over-estimate the percent emission as they are including Wildland Fire Use (WFU) in the values. 
WFU incidents are lightning ignitions that become managed fires – and should not be included in 
prescribed fire emission totals. 

  

 
Figure 4.6.2 Carbon Monoxide (CO) Emissions (ARB, 2005) 

Table 4.6.3   
2005 Estimated Annual Average Emissions (Tons / Day) and Percent of Total State Emissions (10-yr Average) 
Source:  Air Resources Board website, http://www.arb.ca.gov/ei/emissiondata.htm 
 TOG ROG CO NOX SOX PM PM10 PM2.5 
  %  %  %  %  %  %  %  % 
Range 
Improvement 

39.59 0.47 22.56 0.48 309.40 1.90 3.88 0.12 ---- ---- 45.69 1.07 44.89 1.82 42.57 3.95 

Forest 
Management 
(San Joaquin 
Valley only) 

43.57 0.52 24.82 0.53 671.48 4.13 2.05 0.06 0.02 0.01 47.39 1.12 45.76 1.86 40.51 3.75 

Weed 
Abatement 

6.56 0.08 3.74 0.08 40.92 0.25 1.4 0.04 0.18 0.06 5.76 0.14 5.66 0.22 5.38 0.50 

Wildland Fire 
Use 

74.35 0.88 47.31 1.02 675.87 4.16 20.30 0.62 6.26 1.92 97.42 2.30 68.19 2.77 57.87 5.36 

Wildfires 273.00 3.25 128.39 2.76 2,481.73 15.27 79.38 2.41 24.46 7.50 361.97 8.53 253.38 10.28 215.01 19.93 
Total 
Statewide 
Daily 
Emissions 

 
8,410.04 

 
4,655.18 

 
16,247.35 

 
3,298.77 

 
326.38 

 
4,244.70 

 
2,465.41 

 
1,078.90 

CO Emissions 

http://www.arb.ca.gov/ei/emissiondata.htm
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Figure 4.6.3 Estimated PM10 (Particulate Matter) emissions (Source: ARB, 2005) 

 

 

 
Figure 4.6.4 Estimated PM2.5 (Particulate Matter) emissions (Source: ARB, 2005) 

 

PM10 Emissions 

39.5% of Prescribed Burning 
Total is WFU 
 

37.6% of Prescribed 
Burning Total is WFU 
 

PM2.5 Emissions 
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4.6.5 Management 
Since the late 1990s there has been general change in land management across the country 

that acknowledges unnatural fuel densities are contributing to increasing unplanned fire hazards, 
and that there is a growing need to restore wildland ecosystems to their healthy natural state. 
Annual treatment targets for all Federal land management agencies increased to more than 5 
million acres per year nationally by 2005 (EPA, 1998). The Healthy Forests Restoration Act (HFRA) of 
2003 recognizes the national need to increase hazardous fuel reduction on lands at risk from 
wildland fire or insect and disease epidemics and provides mechanisms to expedite treatments on 
State, Tribal and private lands. With the increase in the number of treated acres comes an increased 
need to protect air quality and visibility values. 

4.6.6 Visibility 
Atmospheric visibility is affected by scattering and absorption of light by particles and gases. 

Particles and gases in the air can obscure the clarity, color, texture and form of what we see. Fine 
particles most responsible for visibility impairment are sulfates, nitrates, organic compounds, 
elemental carbon (or soot), and soil dust. Sulfates, nitrates, organic carbon, and soil tend to scatter 
light, whereas elemental carbon tends to absorb light. Fine particles (PM2.5) are more efficient per 
unit mass than coarse particles (PM10 and larger) at causing visibility impairment (Sanberg et al., 
2002). 

California has 29 Mandatory Class I Federal areas (Figure 4.6.5) that need to be taken into 
consideration for compliance with the 1977 amendments to the Clean Air Act. Visibility, in the 
context of scenic Class I vistas, refers to the clarity with which distant objects are perceived. 
Mandatory Class I Federal lands include all national wilderness areas exceeding 500 acres. Visibility 
is affected by pollutant concentrations, the viewing angles, relative humidity, cloud characteristics, 
and other physical factors such as color contrast between objects (EPA, 2001). Class I areas can be 
considered “smoke sensitive areas” and impacts from prescribed fire may need to be specifically 
addressed in alternatives, as almost no change from current air quality is allowed from new sources. 
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Figure 4.6.5. Mandatory Class 1 Federal Areas 

4.6.7 Emissions Reduction 
When the use of fire is selected as the best means to accomplish management goals, there are 

two general types of control options for air pollutant emissions: those that reduce the total amount 
of emissions, and those that reduce the impact of emissions on smoke-sensitive areas. The 
components and quantity of emissions from prescribed burning depend in part on the types of fuels 
burned, their moisture content, and the temperature of combustion.  

The approaches fall into four categories and their applicability varies by fuel type: (1) minimize 
the area burned, (2) reduce the fuel loading in the area to be burned, (3) reduce the amount of fuel 
consumed by the fire, and (4) minimize emissions per ton of fuel consumed (EPA, 1998). 

Reducing the area burned includes mechanical treatments and reduction of fuel loading, 
chemical treatments or burning a subset of a larger area. Reduction of fuel loading includes 
mechanical fuel removal, more frequent burning or burning during a time of year when less fuel is 
present. 

Reducing fuel consumption can decrease emissions by reducing fireline intensity, crown and 
foliage scorch, and cambrium injury, thus reducing flora and fauna mortality. This can be 



Air Quality Setting 
 

 
California Department of Forestry and Fire Protection 4.6-12 
Vegetation Treatment Program  
Draft Environmental Impact Report  

accomplished by burning when there is a high fuel-moisture content (Table 4.6.4), using equipment 
that creates a mass ignition and by completing rapid mop-up. 

Increasing combustion efficiency can shift the majority of consumption away from the 
smoldering phase and into the more efficient flaming phase. This can be accomplished by burning 
fuels in piles or windrows, using backing fires, completing rapid mop-up and mass ignitions with a 
shortened fire duration. (Peterson and Leenhouts, 1997).  
 
Table 4.6.4   
Emission Factors in lbs/ton of Fuel Consumed by Fuel Component for Wet, Moderate, and Dry Burn 
Conditions (http://www.arb.ca.gov/ei/areasrc/onehtm/one9-3.htm)  TNMHC = Total Non-Methane Hydrocarbons. 
 PM10 PM2.5 CO CH4 
Fuel component Wet Mod  Dry Wet Mod Dry Wet  Mod Dry Wet  Mod Dry 
Litter, wood 0-1 in 9.3 9.3 9.3 7.9 7.9 7.9 52.4 52.4 52.4 2.1 2.1 2.1 
Wood 1-3 in 14.0 14.0 14.0 11.9 11.9 11.9 111.4 111.4 111.4 4.5 4.5 4.5 
Wood 3+ in 26.6 21.6 19.1 22.5 18.3 16.2 268.9 205.8 174.4 10.8 8.2 7.0 
Herb, shrub, regen 25.1 25.1 25.1 21.3 21.3 21.3 249.2 249.2 249.2 10.0 10.0 10.0 
Duff 28.2 30.4 30.4 23.9 25.8 25.8 288.6 316.1 316.1 11.5 12.6 12.6 
Canopy fuels 25.1 25.1 25.1 21.3 21.3 21.3 249.2 249.2 249.2 10.0 10.0 10.0 
 TNMHC NH3 NOx SO2 
Fuel component Wet Mod  Dry Wet Mod Dry Wet  Mod Dry Wet  Mod Dry 
Litter, wood 0-1 in 3.7 3.7 3.7 0.5 0.5 0.5 8.2 8.2 8.2 2.5 2.5 2.5 
Wood 1-3 in 7.8 7.8 7.8 1.1 1.1 1.1 8.0 8.0 8.0 2.5 2.5 2.5 
Wood 3+ in 18.8 14.4 12.2 2.7 2.1 1.7 7.3 7.6 7.7 2.2 2.3 2.4 
Herb, shrub, regen 17.4 17.4 17.4 2.5 2.5 2.5 7.4 7.4 7.4 2.3 2.3 2.3 
Duff 20.2 22.1 22.1 2.9 3.2 3.2 7.2 7.1 7.1 2.2 2.2 2.2 
Canopy fuels 17.4 17.4 17.4 2.5 2.5 2.5 7.4 7.4 7.4 2.3 2.3 2.3 

4.6.8 Smoke Management 

The purpose of smoke management techniques is to minimize the impacts of smoke on urban 
and residential areas, heavily-used recreation areas, Class I areas, and other sensitive areas. 
Methods available include meteorological scheduling for good atmospheric dispersion, pre-ignition 
modeling of downwind particulate concentration, active-phase smoke monitoring, and choosing 
conditions that encourage cloud scavenging (Radke and Ward, 1991). 

The application of best available control measures (BACM) for prescribed fire is a required 
element of State Implementation Plans for PM10 non-attainment areas that are significantly 
impacted by prescribed fire smoke (EPA, 1992). 

When a burn plan is completed for a project it should include the following smoke management 
components: 
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• Actions to minimize fire emissions – The steps taken prior to the burn and actions that 
will be taken after the burn to reduce air pollutant emissions. 

• Evaluate smoke dispersion – Fire prescriptions submitted prior to the day of the fire 
must specify minimum requirements for the atmospheric capacity for smoke dispersal 
such as minimum surface and upper level wind speeds, desired wind direction, 
minimum mixing height, and dispersion index. 

• Public notification and exposure reduction procedures – Actions that will be taken to 
notify populations and authorities at sensitive receptors, including those in adjacent 
jurisdictions, prior to the fire. The plan should also identify contingency actions that will 
be taken if smoke intrusions occur. 

• Air quality monitoring – The plan should identify how the effects of the fire on air quality 
at sensitive receptors, and visibility in mandatory Class I Federal areas will be 
monitored. 

4.6.9 California Climate and Meteorology 

The climate of California is classified as Mediterranean. Such areas typically have certain 
common characteristics: 

• warm to hot summers and mild winters 

• a moderate marine influence throughout the year, more impacting in coastal areas  

• most of the year’s precipitation concentrated during winters, whereas summers in lower 
elevations are nearly or completely dry  

• extended periods of sunny weather and few clouds 

Fire is a natural component of Mediterranean ecosystems. On most days, the sea breeze 
blowing onshore produces a marine influence. Fires that start under these circumstances can 
usually be controlled. Under certain conditions, however, brush and forest fires can turn into 
disastrous conflagrations that ravage wide areas (McCutchan, 1977).  

A severe heat wave accompanied by very low humidity greatly increases fire hazard, and this 
pattern is a prominent climatic feature. Heat waves in California that cause fire danger occur when a 
subtropical high-pressure system persists over the Great Basin, causing high surface temperatures 
and low humidity accompanied by strong and gusty winds. 

Hot, dry summers reduce fuel moisture and increase the potential for fires. Most fires in 
California occur during late summer and early fall. The fire season is often longer and more extreme 
in Southern California because of “Santa Ana” winds. These winds are caused by high pressure areas 
in the continental interior (Oregon, Nevada, Utah, and Arizona). High pressure can be “trapped” in 
the interior while low pressure is present in the Central Valley or offshore California. Strong winds 
then flow through the mountain passes from desert regions. As they move downslope, the winds 
accelerate, heat, and become extremely dry. Severe forest fires often occur under Santa Ana 
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conditions. Santa Ana winds occur most frequently from September through December and in 
March. 

Wind affects fire behavior and the dispersal of smoke produced by fires. Along with the major 
seasonal Pacific westerlies, winds also follow daily patterns that play an important role in the 
mountain regions. These patterns result from air density differences brought about by solar heating 
during the day and radiative cooling at night. Two types of diurnal cycle winds are land-to-sea 
breezes and mountain-to-valley winds. 

Land-to-sea breezes occur because land heats and cools more quickly than water. Onshore 
breezes typically occur during the daytime when the warm air over the land mass rises and cool 
ocean air moves onshore to replace it. At night, the situation reverses and the breeze moves 
offshore, from the cooling land to the warmer ocean. 

Mountain-to-valley breezes form in a similar way. Solar heating of the higher elevation land 
during the day creates a rising mass of warm air, which tends to move upslope following the terrain. 
At night, the air flow is reversed as radiation cools the land and chills the air above it. This cooled air 
drops down into the lowlands from the higher slopes. 

Wind direction and intensity during prescribed burns and wildfires are important because air 
quality is poorest immediately adjacent to and downwind of such fires. Fires near populated areas 
may pose an increased risk of air quality–related health problems. 

Meteorology and Smoke Dispersion 
Air resource characteristics are reflective of each air basin’s specific airflow traits, physiographic 

features, and pollution emission sources. Additional factors that affect air quality in forest and 
rangelands are geographic location and seasonal variations. Atmospheric conditions that create 
temperature inversions and permit air masses to remain stagnant for long periods allow the 
airborne concentrations of smoke and other pollutants to increase. These conditions aggravate air 
pollution over urban, industrial, and agricultural areas. Air pollution is occasionally aggravated by 
daily and seasonal wind patterns. Sea-to-land breezes remove pollution from coastal areas during 
the day as cold, dense air moves onshore, but push it back during the night as the land breeze 
gently flows offshore. 

Mountain-to-valley breezes may also distribute smoke. At night, the air drains downslope, but 
during the day winds reverse and blow upslope, carrying the polluted air. Mountain areas may 
become smoky in late afternoon or early evening for this reason. By morning, however, cold, dense 
nighttime air has traveled downslope and polluted valleys and mountain basins. This may cause 
ground-level inversions to form as the land radiates heat. Closed mountain basins or valleys, such as 
the Tahoe Basin and Yosemite Valley, are areas with high smoke potential. 

Higher air quality is typically found in the northern, higher elevations, and more remote 
portions of the State typically associated with forest and rangeland areas,  distant from urban 
centers of pollution production/emissions. 
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Table 4.6.5   
Air Quality Attainment Status (State Standards) 

  
OZONE - 
State 

PM 
10 - 
State 

PM 
2.5 - 
State 

CO - 
State 

NO2 - 
State 

SO2 
- 
State 

Pb - 
State 

H2S - 
State 

GREAT BASIN VALLEYS AIR 
BASIN   N A   A A A   
Alpine County U     U       U 
Inyo County N     A       A 
Mono County N     A       A 
LAKE COUNTY AIR BASIN A A A A A A A A 
LAKE TAHOE AIR BASIN  N N A A A A A U 
MOJAVE DESERT AIR BASIN  N N     A A A   
County portion of federal 
Southeast N               
Remainder of Air Basin U               
Kern County (portion)       U       U 
Los Angeles County (portion)       A       U 
Riverside County (portion)       U       U 
San Bernardino County 
(portion)       A         
     Searles Valley               N 
     Remainder of County               U 
MOUNTAIN COUNTIES AIR 
BASIN         A A A   
Amador County N U   U         
     City of Sutter Creek               N 
     Remainder of County               U 
Calaveras County N N   U       U 
El Dorado County  N N   U       U 
Mariposa County N     U       U 
Nevada County N N   U       U 
Placer County  N N   U       U 
Plumas County U N   A       U 
   Portola Valley     N           
   Remainder of Air Basin     U           
Sierra County U N   U       U 
Tuolumne County N U   A       U 
NORTH CENTRAL COAST AIR 
BASIN N N A   A A A U 
Monterey County       A         
San Benito County       U         
Santa Cruz County       U         
NORTH COAST AIR BASIN A   U   A A A   
Del Norte County       U       U 
Humboldt County       A       A 
Mendocino County       A       U 
Sonoma County (portion)   A   U         
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Remainder of Air Basin   N             
Trinity County       U       U 
NORTHEAST PLATEAU AIR 
BASIN     U U A A A U 
Siskiyou County NT A             
Remainder of Air Basin U N             
SACRAMENTO VALLEY AIR 
BASIN   N     A A A U 
Butte County     N A         
Colusa County NT   A U         
Glenn County NT     U         
Placer County      A A         
Sacramento County     N A         
Shasta County       U         
Solano County       A         
Sutter County NT   A A         
Remainder of Air Basin N   U           
Yuba County NT   A U         
SALTON SEA AIR BASIN N N   A A A A U 
SAN DIEGO AIR BASIN N N N A A A A U 
SF - BAY AREA AIR BASIN N N N A A A A U 
SAN JOAQUIN VALLEY AIR 
BASIN N N N   A A A U 
Fresno County       A         
Kern County (portion)       A         
Kings County       U         
Madera County       U         
Merced County       U         
San Joaquin County       A         
Stanislaus County       A         
Tulare County       A         
SOUTH CENTRAL COAST AIR 
BASIN N N   A A A A   
San Luis Obispo County     A         A 
Santa Barbara County     U         A 
Ventura County     N         U 
SOUTH COAST AIR BASIN N N N   N A A U 
Los Angeles County (portion)       A         
Orange County       A         
Riverside County (portion)       A         
San Bernardino County 
(portion)       A         

Note: A = Attainment; N = Non-Attainment; U = Unclassified
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Table 4.6.6  
Air Quality Attainment Status (Federal Standards) 

  
National Attainment 

  PM10 PM2.5 CO NO2 SO2 O3 
Great Basin Valleys             

Alpine County U U/A U/A U/A U U/A 
Inyo County U U/A U/A U/A U U/A 
Mono County U U/A U/A U/A U U/A 

Lake County U U/A U/A U/A U U/A 

Lake Tahoe U U/A U/A U/A A U/A 

Mountain Counties             
Amador County U U/A U/A U/A U N 
Calaveras County U U/A U/A U/A U N 
El Dorado County U U/A U/A U/A U N 
Mariposa County U U/A U/A U/A U N 
Nevada County U U/A U/A U/A U N 
Placer County U U/A U/A U/A U N 
Plumas County U U/A U/A U/A U U/A 
Sierra County  U U/A U/A U/A U U/A 
Tuolumne County U U/A U/A U/A U N 

North Central Coast             
Monterey County U U/A U/A U/A U U/A 
San Benito County U U/A U/A U/A U U/A 
Santa Cruz County U U/A U/A U/A U U/A 

North Coast             
Del Norte County U U/A U/A U/A U U/A 
Humboldt County U U/A U/A U/A U U/A 
Mendocino County U U/A U/A U/A U U/A 
Sonoma County (North) U U/A U/A U/A U U/A 
Trinity County U U/A U/A U/A U U/A 

Northeast Plateau             
Modoc County U U/A U/A U/A U U/A 
Lassen County U U/A U/A U/A U U/A 
Siskiyou County U U/A U/A U/A U U/A 

Sacramento Valley             
Butte County U N U/A U/A U N 
Colusa County U U/A U/A U/A U U/A 
Glenn County U U/A U/A U/A U U/A 
Placer County U U/A U/A U/A U N 
Sacramento County N N U/A U/A U N 
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Shasta County U U/A U/A U/A U U/A 
Sutter County U N U/A U/A U U/A 
Tehama County U U/A U/A U/A U U/A 
Yolo County  U U/A U/A U/A U N 
Yuba County U N U/A U/A U U/A 

San Diego County U U/A U/A U/A A N 
San Francisco Bay Area             

Alameda County U N U/A U/A A N 
Contra Costa County U N U/A U/A A N 
Napa County U N U/A U/A A N 
Marin County U N U/A U/A A N 
San Francisco County U N U/A U/A A N 
San Mateo County U N U/A U/A A N 
Solano County U U/A U/A U/A U N 
Sonoma County (South) U N U/A U/A A N 
Santa Clara County  U N U/A U/A A N 

San Joaquin Valley             
Fresno County A N U/A U/A U N 
Kern County (West) A N U/A U/A A N 
Kings County A N U/A U/A U N 
Madera County A N U/A U/A U N 
Merced County A N U/A U/A U N 
San Joaquin County A N U/A U/A U N 
Stanislaus County A N U/A U/A U N 
Tulare County A N U/A U/A U N 

South Central Coast             
San Luis Obispo County U U/A U/A U/A U U/A 
Santa Barbara County U U/A U/A U/A U U/A 
Ventura County U U/A U/A U/A A N 

South Coast             
Los Angeles N N U/A U/A A N 
Orange N N U/A U/A A N 
Riverside (East) N N U/A U/A A N 

Southeast Desert Basin             
Kern County (East) U U/A U/A U/A U N 
Los Angeles County 

(Northeast) 
U 

U/A 
U/A U/A 

A N 
Riverside County (East) N U/A U/A U/A U U/A 
San Bernardino County N U/A U/A U/A U N 

Note: A = Attainment; N = Non-Attainment; U = Unclassified
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Table 4.6.7  
Air Quality Standards 
 

Ambient Air Quality Standards Applicable in California 
 

 
 

  
 

Average Time 

 
Standard, as 

parts per million 

 
 

 
Standard, 

as micrograms 
per cubic meter 

 
 

 
Violation Criteria 

 
Pollutant 

 
Symbol 

 
California 

 
National 

 
 

 
California 

 
National 

 
 

 
California 

 
National 

 
Ozone 

 
O3 

 
8 hoursa 

 
N/A 

 
0.08 

 
 

 
N/A 

 
160 

 
 

 
N/A 

 
If 3-year average of annual third-highest 
daily 8-hour maximum exceeds standard 

 
 

 
 

 
1 hour 

 
0.09 

 
0.12 

 
 

 
180 

 
235 

 
 

 
If exceeded 

 
If exceeded on more than 3 days in 3 years 

 
Carbon monoxide 

 
CO 

 
8 hours 

 
9.0 

 
9 

 
 

 
10,000 

 
10,000 

 
 

 
If exceeded 

 
If exceeded on more than 1 day per year 

 
 

 
 

 
1 hour 

 
20 

 
35 

 
 

 
23,000 

 
40,000 

 
 

 
If exceeded 

 
If exceeded on more than 1 day per year 

 
(Lake Tahoe only) 

 
 

 
8 hours 

 
6 

 
N/A 

 
 

 
7,000 

 
N/A 

 
 

 
If exceeded 

 
N/A 

 
Nitrogen dioxide 

 
NO2 

 
Annual average 

 
N/A 

 
0.053 

 
 

 
N/A 

 
100 

 
 

 
N/A  

 
If exceeded 

 
 

 
 

 
1 hour 

 
0.25 

 
N/A 

 
 

 
470 

 
N/A 

 
 

 
If exceeded 

 
N/A 

 
Sulfur dioxide 

 
SO2 

 
Annual average 

 
N/A 

 
0.03 

 
 

 
N/A 

 
80 

 
 

 
N/A 

 
If exceeded 

 
 

 
 

 
24 hours 

 
0.04 

 
0.14 

 
 

 
105 

 
365 

 
 

 
If exceeded 

 
If exceeded on more than 1 day per year 

 
 

 
 

 
1 hour 

 
0.25 

 
N/A 

 
 

 
655 

 
N/A 

 
 

 
N/A 

 
N/A 

 
Hydrogen sulfide 

 
H2S 

 
1 hour 

 
0.03 

 
N/A 

 
 

 
42 

 
N/A 

 
 

 
If equaled or 
exceeded 

 
N/A 

 
Vinyl chloride 

 
C2H3Cl 

 
24 hours 

 
0.010 

 
N/A 

 
 

 
26 

 
N/A 

 
 

 
If equaled or 
exceeded 

 
N/A 

 
Inhalable particulate 
matter 

 
PM10 

 
Annual geometric 
mean 

 
N/A 

 
N/A 

 
 

 
30 

 
N/A 

 
 

 
If exceeded 

 
N/A 

 
 

 
 

 
Annual arithmetic 

 
N/A 

 
N/A 

 
 

 
N/A 

 
50 

 
 

 
N/A 

 
If exceeded 
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Ambient Air Quality Standards Applicable in California 
 

 
 

  
 

Average Time 

 
Standard, as 

parts per million 

 
 

 
Standard, 

as micrograms 
per cubic meter 

 
 

 
Violation Criteria 

 
Pollutant 

 
Symbol 

 
California 

 
National 

 
 

 
California 

 
National 

 
 

 
California 

 
National 

mean 
 
 

 
 

 
24 hours 

 
N/A 

 
N/A 

 
 

 
50 

 
150 

 
 

 
N/A 

 
If exceeded on more than 1 day per year 

 
Fine particulate 
matter 

 
PM2.5 

 
Annual arithmetic 

mean* 

 
N/A 

 
N/A 

 
 

 
N/A 

 
15 

 
 

 
N/A 

 
If spatial average exceeded on more than 
3 days in 3 years 

 
24 hours* 

 
N/A 

 
N/A 

 
 

 
N/A 

 
65 

 
 

 
N/A 

 
If exceeds 98th percentile of concentrations 
in a year 

 
Sulfate particles 

 
SO4 

 
24 hours 

 
N/A 

 
N/A 

 
 

 
25 

 
N/A 

 
 

 
If equaled or 

exceeded 

 
N/A 

 
Lead particles 

 
Pb 

 
Calendar quarter 

 
N/A 

 
N/A 

 
 

 
N/A 

 
1.5 

 
 

 
N/A 

 
If exceeded no more than 1 day per year 

 
 

 
 

 
30 days 

 
N/A 

 
N/A 

 
 

 
1.5 

 
N/A 

 
 

 
If equaled or 

exceeded 

 
N/A 

 

 

Notes:  All standards are based on measurements at 25°C and 1 atmosphere pressure. 
National standards shown are the primary (health effects) standards. 
N/A  = not applicable. 

* New standards effective July 1997. Eight-hour ozone standard replaces 1-hour standard after compliance with the 1-hour standard has been attained. 
A = Attainment – The state standard for the pollutant was not violated at any site in the area for a three year period. 
N = Non-attainment – At least 1 violation of a state standard occurred. 
T = Transitional – Subcategory of non-attainment. An area is close to attaining the standard for a pollutant. 
U = Unclassified – Data is incomplete and does not support a designation 
Air basins classified as non-attainment areas have at least one area within that basin that has shown a violation of the relevant ambient standard. 
Source: California Air Resources Board 2006 (http://www.arb.ca.gov/desig/adm/adm.htm) 
*  CDF/USDA combined wildfire emissions. 
Sources:  California Air Resources Board 2005 
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4.7 Water Resources and Water Quality 

4.7.1 Introduction 
This section of the Environmental Impact Report (EIR) describes the environmental setting for 

water resources and water quality conditions across California. Water resources include the 
distribution and circulation of water, both on land and underground. Water quality deals with the 
quality of surface and groundwater. Surface water is water on the surface of the land and includes 
lakes, rivers, streams, and creeks. Groundwater is water below the surface of the earth. The 
quantity and quality of surface water resources are affected by precipitation, topography, soil type, 
vegetation, agricultural practices, urbanization, and general land use practices.  

The quality and quantity of water produced by California’s watersheds support a broad range of 
uses referred to as beneficial uses. The alteration of vegetative cover from wildfire and vegetation 
management practices can have significant impacts on water infiltration, soil erosion, stream 
sedimentation, and water temperature. This in turn has the potential to degrade or limit the 
beneficial uses supported by a waterbody.  

4.7.2 Regulatory Framework  
Clean Water Act 

The federal Water Pollution Control Act (also known as the Clean Water Act [CWA]) is the 
principal statute governing water quality. The CWA establishes the basic structure for regulating 
discharges of pollutants into the waters of the United States and gives the EPA the authority to 
implement pollution control programs, such as setting wastewater standards for industry. The 
statute’s goal is to end all unpermitted discharges entirely and to restore, maintain, and preserve 
the integrity of the nation’s waters. The CWA regulates both the direct and indirect discharge of 
pollutants into the nation’s waters. The CWA sets water quality standards for all contaminants in 
surface waters and makes it unlawful for any person to discharge any pollutant from a point source 
into navigable waters, unless a permit is obtained under its provisions. The CWA mandates permits 
for wastewater and stormwater discharges, requires states to establish site-specific water quality 
standards for navigable bodies of water, and regulates other activities that affect water quality, 
such as dredging and the filling of wetlands. The CWA also funded the construction of sewage 
treatment plants and recognized the need for planning to address non-point sources of pollution. 
Section 402 of the CWA requires a permit for all point source (a discernible, confined, and discrete 
conveyance, such as a pipe, ditch, or channel) discharges of any pollutant (except dredge or fill 
material) into waters of the U.S. 

National Pollutant Discharge Elimination System 
Under the National Pollutant Discharge Elimination System (NPDES) program promulgated 

under Section 402 of the CWA, all facilities that discharge pollutants from any point source into 
waters of the U.S. are required to obtain an NPDES permit. The term "pollutant" broadly includes 
any type of industrial, municipal, and agricultural waste discharged into water. Point sources are 
discharges from publicly owned treatment works (POTWs), discharges from industrial facilities, and 
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discharges associated with urban runoff. While the NPDES program addresses certain specific types 
of agricultural activities, the majority of agricultural facilities are defined as non-point sources and 
are exempt from NPDES regulation. Pollutant contributors come from direct and indirect sources. 
Direct sources discharge directly to receiving waters, whereas indirect sources discharge 
wastewater to POTWs, which in turn discharge to receiving waters. Under the national program, 
NPDES permits are issued only to direct point source discharges. The National Pretreatment 
Program addresses industrial and commercial indirect dischargers. Municipal sources are POTWs 
that receive primarily domestic sewage from residential and commercial customers. Specific NPDES 
program areas applicable to municipal sources are the National Pretreatment Program, the 
Municipal Sewage Sludge Program, Combined Sewer Overflows (CSOs), and the Municipal 
Stormwater Program. Non-municipal sources include industrial and commercial facilities. Specific 
NPDES program areas applicable to these industrial/commercial sources are: Process Wastewater 
Discharges, Non-Process Wastewater Discharges, and the Industrial Stormwater Program. NPDES 
issues two basic permit types: individual and general. Also, the EPA has recently focused on 
integrating the NPDES program further into watershed planning and permitting. The NPDES has a 
variety of measures designed to minimize and reduce pollutant discharges. All counties with storm 
drain systems that serve a population of 50,000 or more, as well construction sites one acre or more 
in size, must file for and obtain an NPDES permit. Source: EPA, <http://www.epa.gov/npdes/pubs 
/101pape.pdf>, September 2004. 

Porter-Cologne Water Quality Act 
The Porter-Cologne Water Quality Act (Water Code sections 13000 et seq.) is the basic water 

quality control law for California. Under this Act, the State Water Resources Control Board (SWRCB) 
has ultimate control over state water rights and water quality policy. In California, the EPA has 
delegated authority to issue NPDES permits to the SWRCB. The state is divided into nine regions 
related to water quality and quantity characteristics. The SWRCB, through its nine Regional Water 
Quality Control Boards (RWQCBs) carries out the regulation, protection, and administration of water 
quality in each region. Each regional board is required to adopt a Water Quality Control Plan or 
Basin Plan that recognizes and reflects the regional differences in existing water quality, the 
beneficial uses of the region’s ground and surface water, and local water quality conditions and 
problems. The Basin Plan gives direction on the beneficial uses of the state waters, describes the 
water quality that must be maintained to support such uses, and provides programs, projects, and 
other actions necessary to achieve the standards established in the Basin Plan. 

Approximately 50 percent of the state’s timberlands are located in the Sierra, and 
approximately 45 percent of the statewide harvest of commercial timber occurs in this region. The 
Lahontan Regional Water Quality Control Board (LRWQCB) and the Central Valley Regional Water 
Quality Control Board (CVRWQCB) address water quality issues across the Sierra. As of March, 2010 
all State Regional Water Quality Control Boards require a waiver for vegetation management, 
including timber harvesting, prior to implementing projects. The waiver provides assurances for 
water quality protection while avoiding the more costly and time intensive permitting process. The 
waiver divides eligibility into six categories; each with different requirements based on the potential 
for water quality impacts. For example, vegetation condition for defensible space is considered a 
low threat activity. Projects of this type are in category 1 and often proceed with minimal 
conditions. Timber harvesting is considered a higher threat to water quality and falls under 
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categories 5 and 6 and is subject to more conditions to enroll in the waiver. Typical conditions to 
enroll in the waiver include mitigation measures to prevent erosion and monitoring before, during, 
and after a treatment. For more information on the water quality control board’s waiver program, 
visit: http://www.swrcb.ca.gov/centralvalley/board_decisions/adopted_orders/waivers/r5-2010-
0022.pdf. 

National Flood Insurance Program 
The National Flood Insurance Act of 1968 and the Flood Disaster Protection Act of 1973 

mandate the Federal Emergency Management Agency (FEMA) to evaluate flood hazards. FEMA 
provides Flood Insurance Rate Maps (FIRMs) for local and regional planners to promote sound land 
use and floodplain development, identifying potential flood areas based on the current conditions. 
To delineate a FIRM, FEMA conducts engineering studies referred to as Flood Insurance Studies 
(FISs). Using information gathered in these studies, FEMA engineers and cartographers delineate 
Special Flood Hazard Areas (SFHAs) on FIRMs. The Flood Disaster Protection Act (FDPA) requires 
owners of all structures in identified SFHAs to purchase and maintain flood insurance as a condition 
of receiving federal or federally related financial assistance, such as mortgage loans from federally 
insured lending institutions. Community members within designated areas are able to participate in 
the National Flood Insurance Program (NFIP) afforded by FEMA. The NFIP is required to offer 
federally subsidized flood insurance to property owners in those communities that adopt and 
enforce floodplain management ordinances that meet minimum criteria established by FEMA.  

4.7.3 Background on Watershed Condition and Geomorphology 
The following section describes the diversity of California’s watersheds and the major ecological 

processes that could be affected by implementation of the VTP program. 

Watershed Condition 
The major watersheds across California differ distinctly in climate, geology, ecosystems, and 

land use. What is common among these watersheds is that all of the major rivers that drain them 
originate in forested or vegetated landscapes. Accordingly, the forested watersheds of California 
play an important role in providing clean water for a variety of uses (agriculture, domestic water 
supply, fish and wildlife, recreation, hydropower, etc.). The forest filters and meters the movement 
of rainfall, and at the higher elevations the forest snow pack acts as a natural reservoir. The rainfall 
replenishes aquifers and delivers water to streams. Forest and rangeland vegetation and soils are 
valuable for absorbing snowmelt and rain, storing moisture, cooling and cleansing water, and 
slowing storm runoff. This vegetation also helps to hold soil and hillslopes in place. 

In all watersheds, physical and biological processes combine to create the ecological condition 
of a watershed and define the services (e.g., beneficial uses) that a watershed can support. The 
natural variability of these processes in space and time gives rise to a diverse array of environmental 
conditions across a watershed. In many cases, the relationship between the physical process 
(hillslope erosion, for example) and the eventual biological response (successful rearing of young 
salmon, for example) is poorly understood. The high variability combined with a limited 
understanding of watershed dynamics further complicates land management decisions. However, 
there are some basic principles that help explain the diversity of conditions that occur across a 
watershed. Changes in the quantity and quality of water often directly affect the health of the 

http://www.swrcb.ca.gov/centralvalley/board_decisions/adopted_orders/waivers/r5-2010-0022.pdf
http://www.swrcb.ca.gov/centralvalley/board_decisions/adopted_orders/waivers/r5-2010-0022.pdf
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watershed. Land management activities and land use changes affect soil and water resources. 
Ignoring these effects can lead to unwanted consequences upslope and downstream. 

Watersheds across California are immensely diverse, from the wet coastal watersheds on the 
North Coast to the arid desert landscapes in portions of southern California (Table 4.7.1). This 
biophysical diversity creates a broad range of uses supported by California’s watersheds and a 
considerable resource management challenge within each watershed. 

Table 4.7.1   
California Watershed Variability 

Region  Size 
(in million 

acres) 

Major Rivers, 
Waterbodies 

Stream 
Miles 

(in 1000s) 

Precipitation (in)  
and Runoff 

(Million Acre Feet) 

Dominant 
Vegetation 

(%) 

Agriculture/Urban 
(%) 

North Coast 
Watersheds 

12.4 Klamath, Eel, Mad, 
Van Duzen, Trinity, 

Salmon, Smith, 
Russian 

22.1 55.9, 28.9 Conifer (57), 
Hardwood (17), 
Herbaceous (7), 

Shrub (11) 

Agriculture (5), 
Urban (1) 

Sacramento 
River Basin 

17.4 American, Pit, Yuba, 
Sacramento, 

McCloud, Feather, 
Cache, Putah, Stony, 
Clear, Cottonwood 

32.8 52.4, 22.4 Conifer (38), 
Hardwood (15), 

Herbaceous (10), 
Shrub (15) 

Agriculture (15), 
Urban (3) 

San Joaquin 
and Tulare 

Lake 

20.6 Consumnes, 
Mokelumne, 

Stanislaus, San 
Joaquin, Tuolumne, 

Merced, Kings, 
Kaweah, Tule, Kern 

41.1 35.7,11.2 Conifer (20), 
Hardwood (13), 

Herbaceous (22), 
Shrub (6) 

Agriculture (29), 
Urban (4) 

Eastern Sierra 21 Owens, Truckee, 
Carson, and Walker, 

Lake Tahoe and 
Mono Lake 

33 15.3,3.2 Desert (62), 
Shrub (16), 
Conifer (10) 

Agriculture (2), 
Urban (2) 

Central Coast 
and San 

Francisco Bay 
Region 

10.2 Santa Ynez, Carmel, 
Pajaro, Salinas, Big 
Sur, Napa, Sonoma, 
Petaluma, Walker 
Creek, Lagunitas 
Creek, Alameda 

Creek 

21.8 17.8, 3.7 Hardwood (20), 
Herbaceous (29), 

Shrub (24) 

Agriculture (8), 
Urban (11) 

South Coast 
and Colorado 

River 
watersheds 

19.8 Colorado, San Diego, 
Santa Margarita, San 
Jacinto, Los Angeles, 
Santa Ana, Mojave 

33.9 15.1, 1.4 Desert (52), 
Shrub (18) 

Agriculture (7), 
Urban (11) 

Geologic hazards, soils, and vegetative cover contribute to the condition of watersheds and 
their susceptibility to flooding and water quality. All watersheds have a natural flooding regime 
related to climatic, topographic, hydrologic, geologic, and soil conditions. Although flooding is the 
natural process through which stream channels are formed, sediments are redistributed or flushed, 
and alluvium is deposited in floodplains, it can also pose a threat to human safety and cause severe 
damage to structures located in the floodplain and to aquatic and riparian habitats. 
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Geomorphology 
Geomorphology is not an environmental resource like biology or cultural resources. Potential 

effects on fluvial geomorphic processes are not direct environmental impacts, but geomorphic 
effects have the potential to lead to other environmental effects through further changes in channel 
conditions. Changes in vegetative cover associated with VTP projects and the increase or decrease 
in the amount of high severity fires can in turn influence the delivery of sediment and large woody 
debris to stream channels; these in turn modify the geomorphic characteristics of a stream. Changes 
in geomorphology can affect both sediment transport and, through aggrading channel beds, can 
increase the frequency or severity of flooding.  

Fluvial geomorphology is the study of sediment transport by flowing water and its effect on the 
size and shape of stream channels. When sediment transport is in equilibrium, sediment is neither 
deposited in the channel, nor removed from it (erosion). Sediment deposition in a channel is an 
indication that conditions are not in equilibrium with the existing balance of flow, sediment 
transport and natural channel forming processes so that sediment is deposited in a reach rather 
than transported downstream. Similarly, erosion and subsequent bank instability occur where the 
pattern of flow directs excess energy against the channel bottom or sides.  

Fluvial System Zones  
A fluvial system can generally be divided into three zones. The upper zone is the watershed 

where most of the water and sediment for the system originates, and is called the Source Zone. The 
middle zone is the reach where the stream/creek/river channel is the most stable and where its 
configuration is the best defined and sediment from the upper zone moves through. This middle 
zone is called the Transport Zone. The lower zone is near the stream/creek/river mouth, where the 
alluvial river slope is reduced. This zone is called the Deposition Zone.  

Channel Dynamic Equilibrium  
As indicated by these fluvial system zones, stream channels are dynamic. Stream channels 

generally attempt to evolve toward a state of quasi-equilibrium. That is, the channel adjusts its 
slope to provide, with the available discharge and the prevailing channel geometry, just the power 
required to transport the sediment load supplied from the drainage basin.  

Stream Deposited Sediment  
The increase in sediment supply following high severity wildfires has been shown to lead to 

downstream channel aggradation in higher order streams (Benda et al., 2003). The headwaters in 
the upland watersheds are typically steep and can contain erosive terrain that produces relatively 
high volumes of sediment. The combination of steep terrain, generally fine grained and deeply 
weathered bedrock and the occurrence of moderate to extreme rainfall events favor episodic mass 
wasting or landsliding of hillsides into steep mountain streams, often during major floods.  

The mountain and foothill streams emerge onto alluvial fans that straddle the edges of the 
valleys where rapid reductions in channel slope and increases in flood plain width cause sediment 
deposition. The alluvial fans merge with alluvial flood plains of larger streams on the valley floor.  

The ability of a given stream or flood protection channel to carry sediment is a function of flow, 
hydraulics, channel slope, sediment sizes and sediment volume. Coarse sediments (boulders and 
cobbles) are often easily transported in steep, confined mountain streams. Coarse sediments 
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generally settle immediately below the mouths of upland canyons, foothills, valleys and at the 
heads of the alluvial fans that straddle the mountains. Foothills (generally older, uplifted alluvial 
fans) and modern alluvial fans extend into valley streams. Alluvial streams of the valley floor 
transport sediment through processes of channel bed scour and fill in straighter, steep channels and 
point bar building and lateral erosion in meandering channels. The dimensions (channel width and 
depth) and the patterns (straight, meandering or braided) of alluvial streams reflect the sensitive 
balance between sediment, flow and human induced activities.  

4.7.4 Setting For Water Resources And Water Quality 
With a state as large as California (over 100 million acres), the climate is immensely diverse so it 

is important to review regional differences. The intensity, frequency, and duration of precipitation 
have a great influence on runoff characteristics. The Coastal Mountains, the Sierra Nevada, and the 
Transverse Ranges of southern California all produce significant orographic effects which alter the 
distribution of precipitation. The distribution of precipitation exhibits strong latitudinal gradients as 
well, from the rivers along the far North Coast that drain forested watersheds that receive up to 100 
inches of rain, to the Mojave and New Rivers that run through arid deserts that can receive less than 
two inches annually. Table 4.7.2 provides a summary of the primary rivers by hydrologic regions 
that are within the project area.  
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Table 4.7.2   
Principal Rivers in Program Area by Region 
  

Sacramento/ San Joaquin/Tulare 
Basin 

      
North 
Coast  

Central 
Coast  Lahontan South 

Coast  
Upper            
Klamath American McCloud Big Sur  Susan Los Angeles  

            
Lost Bear Merced Carmel  Truckee Owens 

            
Eel Calaveras Mokelumne Cuyama Lake Taho San Diego  

    
 

      

Klamath Clavey Pit Estrella Blackwood San Luis 
Rey 

    
 

      
Mad Cosumnes Sacramento  Nacimiento Ward Santa Ana  

            
Napa  Chowchilla San Joaquin Pajaro Mammoth Santa Clara  

            

Russian Feather Stanislaus Salinas  Owens Santa 
Margarita 

            
Salmon Fresno  Tule San Antonio    Ventura  

          
  

Scott Kaweah Tuolumne San Benito    

          
  

Shasta Kern Yuba San Lorenzo   

          
  

Smith Kings   Sisquoc   

            
Trinity     Santa Ynez     
            
Van Duzen     Sisquoic     

 Source: California Department of Water Resources, 1994 

4.7.5  Impaired Waterbodies 
Section 303(d) of the Clean Water Act requires states to identify and develop a list of impaired 

waterbodies. The waterbodies on the list do not meet water quality standards. The state is required 
by EPA to prioritize the 303(d) list and to develop a Total Maximum Daily Load (TMDL), followed by 
an implementation plan, to improve water quality. States are required in even numbered years to 
review and update the 303(d) list. Further, under section 305(b) the State Water Resources Control 
Board (SWRCB) must report biannually to the EPA on the status of water quality across the State. 
Table 4.7.3 provides a summary of impaired waterbodies by source categories for the entire state. 
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Table 4.7.5 provides a tabular summary for each of the nine regional water boards. A review of 
these tables shows that the greatest extent of water quality impairments from forest activities is 
found in the North Coast (Region 1), the Lahontan Region (east side of the Sierra Nevada and 
Mojave Desert) (Region 6) and the Central Coast (Region 3). For rangeland the water quality 
impairments are also commonly occurring in the North Coast (Region 1), Lahontan (Region 6) and 
Central Coast (Region 3), as well as the Central Valley (Region 5). Typical water pollutants associated 
with forestry and range activities are sediment, water temperature, and nutrients.  

Table 4.7.3 
Statewide Summary of Impaired Waterbodies Listed by Source Category (SWRCB, 2012) 

SOURCE CATEGORY 
Lakes, Bays, Estuaries, 

Wetlands (acres) Streams (miles) 
Agriculture (Total) 1,343,528 67,883 

Agriculture (Non Grazing) 984,903 45,727 
Agriculture-grazing 925 2,490 
Grazing-Related Sources 349,986 5,743 
Pasture Grazing Upland/Riparian 5,394 3,037 
Range Grazing Upland/Riparian 2,320 10,886 

Atmospheric Deposition 1,271,815 477 
Construction/Land Development 703,324 14,045 
Groundwater Related 98,874 775 
Habitat Modification 658,128 74,166 
Hazardous Waste Sites And Storage 16,075   
Hydromodification 1,232,998 84,348 
Industrial Activities (Oil)   49 
Industrial Wastewater 738,044 5,595 
Marinas And Recreational Boating 135,183 12 
Miscellaneous 673,136 5,281 
Municipal Wastewater 336,763 8,813 
Natural Sources 1,288,535 21,520 
Other Runoff 385,677 2,878 
Recreation Areas And Activities 393,975 425 
Resource Extraction 628,676 18,184 
Sediment 279,524 42 
Silviculture 297,500 41,459 
Source Unknown 1,598,973 27,456 
Unpermitted Discharges 163,325 360 
Unspecified Nonpoint Source 3,078,227 30,516 
Unspecified Point Source 1,129,091 3,416 
Urban Runoff 1,658,525 8,775 
Vessels And Shipping (Non Recreational) 316,618   
Waste Storage And Disposal 60,860 3,341 

Grand Total 18,487,373 419,817 
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4.7.6 Hydrologic Regions 
The major characteristics of the river systems are discussed below (modified from Mount, 1995; 

DWR 2005; SWRCB, 2002). Note that the discussion is for Hydrologic Regions or combined groups of 
Hydrologic Regions and not by Bioregions. There are 10 Hydrologic Regions in California that 
correspond with major drainage basins within the state (Figure 4.7.1). Watersheds within 
Hydrologic Regions tend to share similar climatic regimes, geology, and soils. The setting for water 
quality is also organized around Hydrologic Regions. The discussion of setting for water quality is 
limited to beneficial uses and specific pollutant loads that may be affected by the VTP program. 

 

 
Figure 4.7.1 Hydrologic Regions for California 



Water Resources and Water Quality 

 
California Department of Forestry and Fire Protection 4.7-10 
Vegetation Treatment Program  
Draft Environmental Impact Report  

North Coast Hydrologic Region 
The North Coast region extends from the Oregon border south to San Francisco Bay, covering 

roughly 19,500 square miles. The region is characterized by rugged mountains, cool coastal 
watersheds, and warmer and more arid inland valleys. This region receives some of the highest 
precipitation totals and some of the highest intensity rainfall events in the state. With abundant 
water supply the region produces an estimated 41% of the state's runoff (DWR, 2005). Most 
precipitation occurs as rainfall and the streams exhibit high peak runoff. The rivers have 
documented some of the highest sedimentation rates. 

Known Water Quality Issues 
Abundant water supply and a rural landscape dominated by forests and agriculture support a 

broad range of beneficial uses. Still, nonpoint source pollution (sediment, temperature, and 
nutrients) are the main pollutants of concern from the  NCRWQCB’s 303(d) list. Many of these 
watersheds have steep rugged terrain and highly erodible soils and are subject to high rates of 
landsliding. Timber harvesting and agricultural practices have improved and still operate in 
watersheds where land management was historically much more intensive then current practices. 
As a result, many watersheds are subject to persistent water quality problems. Channel 
modifications and water diversions can also alter water quality conditions in the region by reducing 
natural flows, increasing contaminant concentrations, and reducing aquatic habitat. In the southern 
portion of the region, the development of new hillside vineyards is an increasing source of erosion 
and pesticides. Many of the water quality issues in North Coast rivers affect aquatic habitat for 
salmonids and other beneficial uses. 

The Klamath and Eel Rivers are the two largest rivers in the North Coast region and both have a 
number of unresolved water quality issues that are aggravated by non-point source pollution 
associated with forest practices, agricultural and water diversions to support irrigated agriculture. 
The Russian River is another primary river along the North Coast. It originates north of Ukiah and 
flows south, and then west, before entering the Pacific Ocean near Jenner. The entire basin is listed 
as sediment and temperature impaired, but there are many other water quality impairments (i.e. 
bacteria, mercury, nutrients, dissolved oxygen).  

The North Coast Water Quality Control Board provides detailed information on water quality 
conditions (http://www.swrcb.ca.gov/northcoast/water_issues/programs/tmdls/russian _river/).  

San Francisco Bay Hydrologic Region 
Despite being governed by separate Regional Water Quality Boards, the San Francisco Bay and 

the Delta operate hydraulically as a system. The San Francisco Bay delivers waters of the 
Sacramento and San Joaquin rivers through the Delta, into the Bay, and into the Pacific Ocean. The 
San Francisco Bay - Delta is the largest estuary on the West Coast and functions as the only drainage 
outlet for waters of the Central Valley. The Sacramento River delivers roughly 85% of the freshwater 
flows to the Bay (DWR, 2005). These regions cover an area of 4,506 square miles and on average 
receives 25” of precipitation annually, but can also receive intense rainfall from tropical storms. 

The tidal influence and the interface between freshwater and saltwater intrusion creates highly 
dynamic and complex environmental conditions. As a result the Bay’s system supports an 
extraordinarily diverse and productive ecosystem. Salinity levels range from hyper-saline to fresh 

http://www.swrcb.ca.gov/northcoast/water_issues/programs/tmdls/russian_river/
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water, and water temperature varies throughout the Bay’s system. These factors greatly increase 
the number of species that can live in this estuary and enhance its biological stability. 

The Bay system's deepwater channels, tidelands, marshlands, freshwater streams, and rivers 
provide a wide variety of habitats that have become increasingly vital to the survival of several plant 
and animal species as other estuaries are reduced in size or lost to development. These areas 
sustain rich communities of crabs, clams, fishes, birds, and other aquatic life and serve both as 
important wintering sites for migrating waterfowl and as spawning areas for anadromous fish. 
Unfortunately, the San Francisco Bay has lost most of the historic tidal wetlands due to bay filling. 
This is a loss of not only habitat, but the tidal areas also serve as a sponge, filtering sediments and 
pollutants, as well as accommodating large water flows.  

Known Water Quality Issues 
The San Francisco Bay is a heavily urbanized region and as a result stormwater runoff is 

considered a primary source of nonpoint source pollution (SWRCB, 2002). The water quality of the 
Bay is affected both by point and nonpoint sources from the highly urbanized watersheds as well as 
the delivery of pollutants through the Delta. There are also legacy pollutant such as PCB’s and 
Mercury that are trapped in sediment deposits still present in the Bay’s system. Loss of freshwater 
flows due to water diversions serves as an impairment to properly functioning condition of the San 
Francisco Bay estuary. Decreased flows have a variety of effects including increased temperatures, 
change in water column habitat conditions, and lethal salinities.  

Central Coast Hydrologic Region 
These watersheds receive less precipitation than the North Coast, ranging from 14 to 45” 

annually. The presence of infrequent high intensity storms combined with erosive soils can produce 
high sedimentation rates in coastal watersheds. Many of the coastal watersheds are characterized 
as small drainage basins that can exhibit short response times to storm events and correspondingly 
high peak flows. The Central Coast’s rivers generally have a northwest- southeast alignment, 
reflecting the topographic trend of the region’s mountains and hills. The Pajaro, Carmel, and Salinas 
Rivers drain the northern part of this region, the Estrella River and San Juan Creek are in the central 
portion, and the Cuyama, Santa Maria, and Santa Ynez Rivers are in the southern portion. All of the 
rivers within this hydrologic region drain into the Pacific Ocean.  

Known Water Quality Issues 
The Central Coast region has a mixture of agricultural and rangeland with some urbanized 

coastal areas. The water quality reflects these land use patterns. Water quality concerns are 
associated with sediment, nutrients, and pesticides from agriculture, ranching, and some timber 
activities, along with increasing concerns regarding beach water quality from urban stormwater 
runoff. The Watershed Management Initiative report identifies pollutants of concern in the highest 
priority watersheds (Table 4.7.4).  
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Table 4.7.4   
Water Quality Concerns for High Priority Watersheds (SWRCB, 2002 WMI report) 

Targeted Watershed Pollutants Of Concern Water Quality Problems 
San Lorenzo River  Nutrients, sedimentation, 

pathogens  
Erosion from roads and timber harvested 
areas, urban development and runoff.  

Pajaro River  Sedimentation, heavy metals, 
nitrates  

Erosion from inactive and abandoned 
mines, urban development and runoff, 
agricultural activities, hydromodification, 
gravel mining  

Salinas River  Seawater intrusion, nitrates 
and minerals in groundwater, 
nutrients, pesticides, heavy 
metals, sedimentation  

Overpumping of groundwater, agricultural 
activities, urban development and runoff, 
past mineral mining, gravel mining  

Morro Bay  Sedimentation, pathogens, 
nutrients, heavy metals  

Urban development and runoff, agricultural 
activities, septic systems  

San Luis Obispo Creek  Nutrients, sedimentation  Urban development and runoff, agricultural 
activities, hydromodification  

Santa Maria River  Sedimentation, nitrates  Erosion from reservoir operation, 
agricultural activities, urban development 
and runoff  

Santa Ynez River  Sedimentation  Erosion from ranching and land 
development, habitat loss  

South Coast  
(Santa Barbara County)  

Pathogens  Urban development and runoff, illegal and 
unsanitary encampments, septic systems  

Sacramento and San Joaquin Rivers and Tulare Lake Hydrologic Regions 
The Sacramento River drains the northern part of the Central Valley. The Sacramento River’s 

basin covers 27,246 square miles. The principal streams are the Sacramento River and its larger 
tributaries: the Pit, Feather, Yuba, Bear, and American Rivers to the east; and Cottonwood, Stony, 
Cache, and Putah Creeks to the west. Major reservoirs and lakes include Shasta, Oroville, Folsom, 
Clear Lake, and Lake Berryessa. The Sacramento River basin supplies more than 80% of the fresh 
water flows to the Sacramento-San Joaquin Delta (DWR, 2005). 

The San Joaquin River originates in the high Sierra and drains into the Delta. The San Joaquin 
River is roughly 300 miles long and the watershed covers 32,000 square miles. This region has highly 
variable precipitation from very low amounts of rainfall on the valley floor (10 to 20 inches) to 
substantial snow accumulations in the high Sierra. The Sacramento and San Joaquin Rivers drain the 
Central Valley. Contrasting with North Coast watersheds the granitic watersheds in the Sierra 
Mountains generally have low sedimentation rates. A much higher percentage of precipitation 
occurs as snowfall. As such there is a much greater lag time in runoff. With warming conditions all 
major rivers experience spring runoff and can be subject to flooding. 
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The Tulare Lake Basin is a closed basin bounded on the east by the southern Sierra Nevada, on 
the south by the Tehachipi and San Emegdio Mountains, and on the west by the Coast Ranges. The 
basin extends north toward the San Joaquin River. The central portion of the basin was historically 
filled with shallow lakes and associated marshes. During wet years the lakes would fill and spill 
northward into the San Joaquin River and then ultimately to the Delta. This area has roughly the 
same precipitation regime as the San Joaquin region. 

The Sierra Nevada and Tehachapi mountain ranges that bound the east and southeastern 
extent of the basin are composed of crystalline granitics with relatively low sedimentation rates. 
The west and southwestern boundaries of the basin, are bounded by the Coastal Ranges and San 
Emigdeo Ranges, both composed of sedimentary marine layers and prone to higher erosion rates. 
Due to diversions, the primary source of water in the Tulare Lake Basin is a confined aquifer. Thus, 
in this basin, groundwater issues are of primary concern.  

Known Water Quality Issues 
The Sacramento Hydrologic Region covers the Northern Sacramento Valley and the headwaters 

extend up into the Sierras. The Watershed Management Initiative report from the Central Valley 
Water Quality Control Board identifies the following pollutants of concern:  

• Agricultural Surface Water Discharges – Widespread impairments resulting from 
elevated pesticide concentrations, increased nutrients, and selenium, from agricultural 
runoff. 

• Stormwater Discharges – Many of the cities in the Central Valley are increasing in 
population. 

• Nitrates in groundwater – Elevated levels of nitrates and salts that are derived 
principally from irrigated agriculture and dairies. 

• Mercury from past mining activities. 

• Sediment and Erosion – Much less of a concern than in the North Coast, but has the 
potential to be accelerated by timber harvesting, land use conversion, rural 
development, and grazing. 

Although forest and rangeland activities are potential pollution sources, the extent or 
contribution has not been extensively studied. Pollution from agriculture and legacy pollutants from 
past mining activities has been a primary focus of concern. 

Eastside Sierra (North and South Lahontan) Hydrologic Region 
The eastside of the Sierras is represented by both the North and South Lahontan Hydrologic 

Regions. Many of the watersheds in this region reside within the rain shadow of the westside of the 
Sierras and experience low to moderate precipitation. The headwaters of most of these watersheds 
originate in the high Sierra and have significant snowpacks. Runoff is dominated by spring 
snowmelt. The North Lahontan covers an area of 270 square miles from the Oregon border to the 
Walker River. The region is primarily Alpine, high desert with broad valleys. Elevations run from 
4,000 to 5,000 feet in the valley and can exceed 10,000 feet in the mountains. The principal rivers 
include the Truckee, Carson, and Walker Rivers. Precipitation is highly variable ranging from less 
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than five inches in the valleys of eastern Modoc to more than 60 inches in the higher elevations of 
the Truckee, Carson, and Walker Rivers. Summers are mostly dry and winter precipitation is 
associated with significant snowfall accumulation. A significant feature of the North Lahontan is 
Lake Tahoe, a freshwater alpine lake with over 122 million acre feet of water. The South Lahontan 
extends from the high mountains of the eastern Sierra and Mono Lake to the north through the 
Owens River watershed and through Death Valley and the Mojave Desert to the south, covering an 
area of 26,732 square miles. The climate is mostly arid with an average annual precipitation of 7.8 
inches. Due to much lower precipitation totals than found in the North Lahontan, there are fewer 
permanent rivers or streams. The Owens River is the largest river in the region. Running North to 
South the river drains the eastside of the Sierras and originally flowed into Owens Lake. Since 1913, 
a majority of the flow has been diverted to Los Angeles for urban water supply. The Mojave River is 
the other primary river in the region. Although it does not maintain regular surface flow it provides 
an important contribution to groundwater in the Mojave River basin.  

Known Water Quality Issues 
Most of the water in this region originates from high elevation headwater streams and is 

derived from snowmelt, and is assumed to be of good quality (Lahontan Regional Water Quality 
Control Board, 2002). Conversely, many of the waterbodies in the desert regions are considered to 
have naturally poor water quality from high concentrations of salts and minerals. Most water 
quality problems in this region are related to nonpoint sources. In the Lake Tahoe Basin accelerated 
erosion from development has become a water quality issue. The Lake Tahoe Basin is considered 
sensitive to sediment and nutrient accumulations and its effects on turbidity. Atmospheric 
deposition has recently been identified as a pollutant source that potentially affects both water 
clarity and nutrient loadings in Lake Tahoe (SWRCB, 2007). This may well be an issue for many high 
elevation lakes in the Sierra. Older, overstocked forests in the Lake Tahoe Basin are also susceptible 
to wildfire, which contribute sediment to the lake as well as atmospheric deposition of ash.  

South Coast Hydrologic Region 
The South Coast region extends from Ventura to San Diego counties and covers 110,925 square 

miles. Many of the coastal watersheds are heavily urbanized with a total population for the region 
that exceeds 18 million. There are many prominent rivers in this region including: Ventura, Santa 
Clara, Los Angeles, San Gabriel, Santa Ana, San Jacinto, Santa Margarita, and San Luis Rey Rivers. 
Many of these rivers flow through densely populated cities and have been lined or modified to 
provide flood control. 

This region has high variability in terms of precipitation. Watersheds can experience several 
consecutive dry years broken up by occasional wet years. Warm winter and spring storms can also 
produce very high rainfall intensities. South Coast watersheds can exhibit high rates of landsliding 
and abundant wildfires. In rural watersheds this can lead to high sediment yields. The South Coast 
region also has the greatest population and many of the watersheds are predominately urbanized. 

Known Water Quality Issues 
Water quality issues in the South Coast watersheds are typically associated with urban 

development and stormwater runoff. Stormwater runoff delivers a host of contaminants to streams 
and also degrades coastal water quality. This results in  health risks to recreationists along beaches 
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and coastal waters. The coastal waters in major bays receive excess nutrients that can lead to algal 
blooms.  

The Santa Ana watershed provides a well-known example of the water quality issues in this 
region that are related to wildfires. Prolonged drought and high fuel accumulation, associated with 
Pine Beetle infestation, lead to a series of destructive fires in 2003 that burned over 120,000 acres 
(SAWPA, 2004). This has resulted in increased sedimentation and nutrient loadings that affect both 
water quality and water supply. 

Colorado River Basin Hydrologic Region 
The watersheds in this hydrologic region have a desert climate and receive the lowest annual 

precipitation totals (average annual precipitation 5.5 inches), and infrequent but occasional wet 
years and occasional storms with high rainfall intensity. Due to the dry arid climate many of the 
streams and rivers are ephemeral. The Colorado River runs along the south eastern boundary of the 
hydrologic region. 

Known Water Quality Issues 
The Salton Sea is the primary focus of water quality issues within this hydrologic region. Water 

quality concerns stem from agricultural runoff which has led to increased levels of nutrients, higher 
salinity, presence of pesticides and selenium. The Salton Sea receives surface water from the New 
and Alamo Rivers and the Imperial Valley agricultural drainage. The New River, originating in 
Mexicali, Mexico, is a highly polluted river (i.e. urban runoff and partially treated municipal waste) 
that worsens water quality within the region.  
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Table 4.7.5   
Impaired Waterbodies (Streams – units in miles). Note grazing, shown in italics, is a subset of agriculture. (SWRCB, 2010) 
SOURCE CATEGORY Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 Region 7 Region 8 Region 9 
Agriculture 48,912 97 10,424 630 4,702 315 2,639 69 137 
Agriculture-grazing 2,092    398     
Pasture Grazing-Upland/Riparian 2,538 - 386 - 6 108 - - - 
Range Grazing-Upland/Riparian 10,736 - 33 - - 117 - - - 
Atmospheric Deposition  1  345  124   7 
Construction/Land Development 13,112 379 405  18 122  8 1 
Groundwater Related   185 584    6  
Habitat Modification 72,976 189 662 12  308  6 12 
Hazardous Waste Sites And Storage   0       
Hydromodification 83,334 80 426 26 133 284  6 59 
Industrial Activities (Oil)   49       
Industrial Wastewater 5,472  75  16    32 
Marinas And Recreational Boating   12       
Miscellaneous 4,612  332 67 9  255  6 
Municipal Wastewater 7,491 1 710 368 6  198  40 
Natural Sources 17,127  3,496 69 55 442   333 
Other Runoff 2,685  67   117   10 
Recreation Areas And Activities   108 91 12 185  9 19 
Resource Extraction 15,627 65 813  1,485 174   19 
Sediment 19        23 
Silviculture 41,186  105  9 160    
Source Unknown 7,658 105 2,471 1,185 5,031 282 9,157 231 956 
Unpermitted Discharges  246 99      16 
Unspecified Nonpoint Source 26,282 80 653 1,870 11 172  163 1,419 
Unspecified Point Source 1,384  83 802  20 66  1,073 
Urban Runoff 999 1,134 4,261 538 332 102  58 1,361 
Waste Storage And Disposal 2,778  391 90 2 46   34 
Grand Total 351,654 2,377 25,827 6,679 11,818 2,852 12,316 556 5,557 

Notes: Source categories are based on staff assessments and not considered definitive. In many cases water pollution stems from multiple source categories. 
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Table 4.7.6   
Impaired Waterbodies (Lakes, Bays, Estuaries… – units in acres). Note grazing, shown in italics, is a subset of agriculture.        (SWRCB, 2010) 
SOURCE CATEGORY Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 Region 7 Region 8 Region 9 
Agriculture      2,446        17,091     32,226         2,805    303,132      511,537      466,680       2,073       5,585  
      Agriculture-grazing                         925  
     Grazing-Related Sources          4,573       40,070     305,343        
     Pasture Grazing-Riparian and/or Upland                1             5,393        
     Range Grazing-Upland/Riparian        398              -         1,922              -              -                -                -              -              -    
Atmospheric Deposition    17,399      950,637           1,050        302,729        
Construction/Land Development          2,046          694,896         6,383    
Groundwater Related          9,204          608            653       3,045        85,364        
Habitat Modification      4,144         2,476       40,070      610,785            653    
Hazardous Waste Sites And Storage    16,075                  
Hydromodification      5,945      273,903       6,036            136        942,095            653       4,230  
Industrial Wastewater    16,075      458,296              30,211      233,340            122  
Marinas And Recreational Boating          2,439          505          132,001              239  
Miscellaneous       206,455             1            466,680      
Municipal Wastewater       291,597            19            653       1,603        41,572           1,319  
Natural Sources    48,219      481,336     12,310         4,125        739,433           3,112  
Other Runoff                 180        385,479                18  
Recreation Areas And Activities              1,414       1,603      388,093         2,865    
Resource Extraction    23,453      326,136     14,096      262,125           2,865    
Sediment          2,034         1,603      275,120            767    
Silviculture               297,500        
Source Unknown    52,208        16,796     40,386        28,394    185,106        82,298   1,166,742     23,150     30,726  
Unpermitted Discharges       163,266                59            
Unspecified Nonpoint Source    33,251   1,804,425       6,660      803,670        390,337         9,468     30,417  
Unspecified Point Source         94,049        779,133          233,340       22,569  
Urban Runoff       432,863       7,514         2,141    130,504   1,071,006            874     13,624  
Vessels And Shipping (Non Recreational)       316,618                
Waste Storage And Disposal         10,984       2,518            703          46,636                18  
Grand Total   219,214   5,856,095    129,432   1,625,115    928,792   7,027,090   2,566,782     49,750    111,981  

Notes: Source categories are based on staff assessments and not considered definitive. In many cases water pollution stems from multiple source categories. 
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4.8 Archaeological and Cultural Historic Resources 

4.8.1 Introduction 
The following discussion of the prehistoric, ethnographic, and historic background provides a 

context for identifying the variety of artifacts and features that may be affected by the proposed 
Vegetation Treatment Program (VTP).  

• Prehistoric Native American archaeological sites predating sustained Euro-American 
settlement in 1850. 

• Historic districts as defined in Public Resources Code Section 5020.1(h), “a definable 
unified geographic entity that possesses a significant concentration, linkage, or 
continuity of sites, buildings, structures, or objects united historically or aesthetically by 
plan or physical development.” 

• Historic archaeological sites typically dating from the period 1850-1954 (50 years of age 
is the general threshold for recognition of historic period resources). 

• Historic period architectural features older than 50 years, such as building and 
structures. 

• Traditional cultural places important to contemporary Native Americans who have 
heritage ties to the land.  

4.8.2 Regulatory Framework 
The California Environmental Quality Act (CEQA) and the National Environmental Policy Act 

(NEPA) recognize that only those heritage resources determined per the respective state or federal 
criteria to be “significant” qualify for consideration of impacts in environmental impact analyses. 
The management of archaeological and historical resources for the VTP is designed to comply with 
requirements of CEQA (as amended), the State CEQA Guidelines, the Public Resources Code (Section 
5020 et. seq.), the California State Register Bill (CCR Title 14), Executive Order W-26-92 and to 
conform with established CDF procedures (Foster 1992, 1994). 

CEQA requires that state agencies must identify and examine significant adverse environmental 
effects on archaeological and historical resources before approving most discretionary projects. 
CEQA provides statutory requirements for establishing the significance of archaeological resources 
(Section 21083.2) and historical resources (Section 21084.1).  

CEQA defines a significant heritage resource as “a resource listed or eligible for listing on the 
California Register of Historical Resources (CRHR): (PRC §15064.5(a)(1)). For a heritage resource to 
be eligible for listing in the CRHR, it must meet one or more of the following criteria (PRC 5024.1(c)): 

(1) Is associated with events that have made a significant contribution to the broad patterns 
of California’s history or cultural heritage; 

(2) Is associated with the lives of persons important in our past; 
(3) Embodies the distinctive characteristics of a type, period, region, or method of 

construction, or represents the work of an important creative individual, or possesses 
high artistic values; or 
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(4) Has yielded, or has the potential to yield, information important in prehistory or history.” 

Heritage resources determined eligible for or listed on the National Register of Historic Places 
(NRHP) are automatically included on the CRHR. The CRHR criteria are similar to those of the NRHP 
(36 CRF 60.4). 

The California Forest Practice Rules (14 CCR 895.1, Definitions) reflect the criteria defined for 
the CRHP and the NRHP, as follows: 

“Significant archaeological or historic site” means a specific location that may contain artifacts 
or objects, and where evidence clearly demonstrates a high probability that the site meets one or 
more of the following criteria: 

 (1)   Contains information needed to answer important scientific research questions; 
(2)  Has a special and particular quality such as the oldest of its type or best available 

example of its type; 
(3)  Is directly associated with a scientifically recognized important prehistoric or historic 

event or person; 
(4)  Involves important research questions that historical research has shown can be 

answered only with archaeological methods; or  
(5)  Has significant cultural or religious importance to Native Americans as defined in 14CCR 

Section 895.1. 

These criteria must be addressed when evaluating the significance of archaeological and 
historical resources under CEQA. The important aspect of this evaluation process is the 
identification of the characteristics held by the resource that qualifies it as being significant. These 
identified characteristics provide the basis for establishing whether or not a proposed project will 
cause a substantial adverse change to that resource. 

Archaeological and historical resources that are not deemed significant through formal 
evaluation must be noted in the initial study or EIR (if one is prepared) along with the project effect, 
but need not be considered further in the CEQA process. 

4.8.3 Prehistoric California Background 
As a generalization, prehistoric California was settled during five prehistoric periods 

(Fredrickson 1974). The first demonstrated entry and spread of humans into California took place 
during the Paleo-Indian period (10,000 B.C. to 6000 B.C.). Social units during this period are thought 
to have been small and highly mobile; rather than exchanging resources with other social groups, 
the group moved to obtain needed resources. Sites have been identified in deposits under deep 
accumulations of recent alluvium along ancient pluvial lakeshores and coast lines. A recent 
summary of Paleo-Indian assemblages has shown sites from this period distributed throughout the 
state, often as surface deposits on arid, brush-covered slopes typical of areas treated under the VTP. 
These sites contain such characteristic hunting implements as the fluted projectile point and 
chipped stone crescentic. The period’s characteristic artifacts also occur as isolated finds along 
ancient lake shores (such as Borax, Tulare, and Buena Vista Lakes) and in other highly eroded 
contexts. 
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The beginning of the Lower Archaic period (6000-3000 B.C.) coincides with that of the climatic 
change during the mid-Holocene to generally drier conditions that caused the pluvial lakes to dry 
up. The hunter-gatherer populations of this period were composed of small, mobile social groups 
that foraged for subsistence and economic resources across a broad landscape. These populations 
focused on exploiting large game animals and plant communities that yielded abundant small, hard 
seeds. Distinctive artifact types are large dart points and the milling slab and handstone. Sites from 
this period have been found throughout the state. In the Central Coast and Southern California 
geographic regions, sites can occur as large, deep middens most notably containing burials 
furnished with shell beads and milling stones. Sites distinguished by large, square-stemmed points 
and the milling stone and handstone assemblage in the North Coast geographic region occur in the 
valleys and on high-elevation ridges and passes. 

The Middle Archaic Period (3000-1000 B.C.) begins when the mid-Holocene climatic conditions 
became similar to those of the present. Sedentism appears to have become more fully developed 
along with general population growth and expansion. Broad regional patterns of foraging 
subsistence strategies give way to more intensive procurement strategies, possibly with the 
introduction of acorn processing technology, which is evidenced by infrequent occurrences of the 
bowl mortar and pestle. This shift in procurement strategies is manifest throughout the state with 
the establishment of year-round inhabited villages at the confluences of major waterways. Local 
variants of the cultures initiated in the previous period persist in marginal and upland areas 
throughout the state. 

The growth of sociopolitical complexity marks the beginning of the Upper Archaic Period (1000 
B.C. to A.D. 500), including the development of status distinctions, greater complexity of exchange 
systems, and further development of sedentary settlement systems. This period retains the large 
dart points in different styles, but the bowl mortar and pestle replace the milling stone and 
handstone throughout most of the state. In the Shasta-Sierra geographic region and interior 
portions of the North Coast and Central Coast geographic regions, permanent villages are 
established in the foothills and large seasonal camps are established in higher elevations to take 
advantage of varied resources. A similar pattern is present along the coast in the North Coast, 
Central Coast, and Southern California geographic regions, where the populations emphasized both 
marine and terrestrial resources in their subsistence strategy, resulting eventually in a greater 
settlement of the interior valleys. Rock art first appears in this period, occurring as petroglyphs 
associated with hunting practices and territorial boundary definition in the Modoc and Southern 
California geographic regions and the southern portion of the Shasta-Sierra geographic region. 

The Emergent period (A.D. 500-1800) is distinguished by several technological and social 
changes. The bow and arrow are introduced, ultimately replacing the dart and atlatl. Territorial 
boundaries between groups are well established and exchange of goods between groups becomes 
more regularized. Petroglyph and pictograph rock art become manifest in the Southern California 
geographic region and in portions of the Central Coast and Shasta-Sierra geographic regions. In the 
latter portion of this period (A.D. 1500-1800), exchange relations become highly regularized and 
sophisticated, with specialists governing various aspects of production and exchange. Pottery 
appears in quantity for the first time in the Southern California geographic region. 



Archaeological and Cultural Resources 

 
California Department of Forestry and Fire Protection 4.8-4 
Vegetation Treatment Program  
Draft Environmental Impact Report  
  

Throughout the state, large organized villages in complex ecological zones are complemented 
by many smaller satellite villages situated in adjoining, less diverse ecological settings (e.g., tributary 
streams and creek valleys). These diverse village complexes are complemented by many smaller 
sites used for special purposes, such as acorn processing, shellfish collecting, stone quarrying, and 
ritual activities. Small task-specific groups continue to obtain seasonally available resources in 
higher elevations. Within the Shasta-Sierra geographic region and interior portions of the North 
Coast and Central Coast geographic regions, entire populations moved from their foothill villages 
during summer to seasonal camps in the mountains. In the Modoc geographic region, permanent 
villages are established in the valleys between major hills and mountains while the uplands remain 
the loci of special-purpose sites. 

General Types of Prehistoric Resources 
The following are general prehistoric resource types that may be present in areas treated under 

the VTP. Terms and definitions are adopted from Dillon (1997). 

Village Site. Village sites are locations of continuous and concentrated habitation generally 
situated close to a source of fresh water and resource abundant ecological zones. These sites 
typically have a large, well-developed midden deposit containing abundant artifactual (flaked stone 
tools and debitage, ground and battered stone, bone, and shell) and ecofactual (floral, faunal, and 
molluscan) evidence. They may also contain burials, rock art, bedrock milling stations, or other 
features. 

Temporary Camp Site. Temporary camp sites are locations occupied for short periods and 
generally display the same variety of cultural remains as village sites. Their deposits tend to be 
shallow, contain few artifacts, and have a poorly developed midden soil. Features and burials are 
normally few and isolated. 

Burial Site. A burial site or cemetery is a location where intentional human interments are 
found in large numbers and close concentration. These locations typically lack evidence of other 
prehistoric activities. 

Milling Site. This is a boulder or group of boulders or bedrock outcrops that contain at least one 
modified surface (mortar, slick, or metate) caused by the processing of food or other natural 
resources. 

Quarry Site. A quarry is a geological deposit from which rock and mineral materials were 
extracted, leaving evidence of the extractive activities. 

Lithic Workshop. A lithic workshop is a distribution of stone flakes and tool fragments reflecting 
purposeful modification of parent stone through percussion and/or pressure detachment. These 
sites typically have a shallow deposit. 

Ceramic Scatter. A ceramic scatter consists of fragments of ceramic vessels and artifacts 
distributed over generally open, flat ground. 

Shell Middens. Shell middens are locations with large amounts of marine shell that extend to 
an appreciable depth below ground surface. They are normally found in coastal contexts but are 
also present in fewer numbers in the interior. 
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Shell Scatter. Shell scatters contain small amounts of marine shell, generally limited to the 
ground surface, and lack other associated artifacts. 

Rock Art. Rock art consists of designs or design elements on rock surfaces created by surface 
applications (pictographs) or by pecking or etching (petroglyphs). These are found on nonportable 
surfaces such as boulders, cave walls, or cliff walls. 

Rock Shelters. These are natural caves or crevices in rock outcrops in which human use has left 
artifactual remains. 

4.8.4 Ethnographic Background 
California Native American societies and cultures were remarkably diverse in their adaptations 

to the immense variety of environmental conditions throughout the state. Landforms and 
hydrographic features of every description, the great numbers of plant and animal species, and 
varied climatic conditions produced microenvironments of immense variety and resource potential. 
The Native Americans were intimately familiar with their immediate environment and relied almost 
totally on natural resources. An estimated 300,000 people who spoke 90 separate languages, 
including hundreds of dialects, inhabited the state before historic-period contact. 

Excluding cultures adapted to the desert region of California, three of the four major Native 
American culture regions are within portions of the state proposed for implementation of the VTP. 
At the northern end of the North Coast geographic region, adaptations were focused along deep 
and narrow river systems. Hamlets of 25-75 residents subsisted primarily by fishing for salmon, 
collecting shellfish, and gathering acorn. Native Americans also hunted for deer, elk, and sea 
mammals. In the Shasta-Sierra geographic region, the vast waterways of the valley and foothills 
supported communities ranging from 10-15 to several hundred inhabitants. Acorns were the staple 
food, but the diverse subsistence base also comprised of deer, elk, antelope, fish, waterfowl, and 
many plants. The Modoc geographic region and interior portions of the North Coast and Central 
Coast geographic regions offered similar subsistence resources but supported lower population 
densities. Along the coast of the Southern California geographic region and a portion of the Central 
Coast geographic region, subsistence strategies emphasized marine fishing, shellfish collecting, sea 
mammal hunting, and gathering of terrestrial resources. This maritime-based adaptation supported 
villages of as many as 1,000 people. 

The principal settlements in each of these cultural regions were situated near sources of fresh 
water, generally along the coast, rivers, or major creeks or at springs. These settlements were 
generally established within grassland and woodland environments that contained abundant food 
resources exploited by the Native American groups. These environments are also the most likely to 
be treated under the VTP. Areas within conifer forest environments that were distant from sources 
of water generally did not support permanent settlements, but Native American groups visited or 
occupied these areas on a seasonal basis to gather available resources. Areas with high mountains, 
dense timber, rolling hills, and open plains also were not conducive to permanent settlements. 
Special features of the environment, such as a mountain peak, prominent rock outcrop, or particular 
bend in a stream, sometimes held special meaning in spiritual beliefs or myths of Native American 
groups. 
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General Types of Ethnographic/Contemporary Native American Resources 
Resource Collection Location. This is a location where Native Americans have historically gone, 

and are known or believed to go today, to collect resources in accordance with traditional cultural 
rules of practice. 

Spiritual Location. This is a location where Native American religious practitioners have 
historically gone, and are known or believed to go today, to perform ceremonial activities in 
accordance with traditional cultural rules of practice. 

Traditional Location. This is a location associated with the traditional beliefs of a Native 
American group about its origins, its cultural history, or the nature of the world. 

Cemetery. A cemetery is a location that has been selected for human burial or interment. 

4.8.5 Historic Background 
The post-contact history of California can be viewed as a succession of four periods that have 

left physical traces on the modern landscape. The Hispanic era (1542-1846) can be subdivided into 
the Spanish and Mexican periods based on political history. Early coastal explorations left little trace 
in the archaeological record. Formal colonization began in 1769 with the construction of a mission 
and presidio (fort) at San Diego. Franciscan friars established a chain of 21 missions in Alta (or 
“Upper”) California that extended along the western margin of the North Coast, Central Coast, and 
Southern California regions from San Diego to Sonoma. Mission buildings were clustered generally 
in a quadrangle form, although several missions established outlying agricultural and ranching 
outposts within a half-day’s journey on foot. Many of the early trails used for delivering supplies 
were prehistoric trade routes adopted by the Spanish and, later, the Mexicans. 

The Russian-American Company established a southern outpost for its Alaskan fur trading 
operations along the coast of the North Coast geographic region from 1805 to 1841. The post was 
established to exploit the numerous sea otter populations and to furnish food for the Alaskan 
installations, which were in desperate need of fresh fruits and vegetables. Their initial settlement 
was established at Bodega Bay, but a permanent site for settlement was established at present-day 
Fort Ross in 1812. Agriculture, fruit orchards, and stock raising developed around Ross, but the area 
was not well suited to agriculture and farms were established in the interior valleys. The colony 
never prospered, and the settlement was abandoned with the sale of moveable properties to John 
Sutter in 1841. 

After 1822, the Mexican government administered California and granted lands to citizens as a 
reward for services. Settlers engaging in the lucrative hide and tallow trade established outlying 
ranchos, often building adobe structures, barns, fences, and other improvements. The grants were 
mostly along the coast and around San Francisco Bay within the North Coast, Central Coast, and 
Southern California geographic regions, but some extended into Mendocino County and up the 
Central Valley to Redding. This type of settlement produced a rural, agrarian lifestyle that was 
disrupted in 1848 with the discovery of gold at Sutter’s Mill and the subsequent influx of people. 

The Early American period (1847-1879) had its origins as early as the 1820s when Euro-
Americans began to filter into California. With the discovery of gold at Sutter’s Mill near Sacramento 
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in 1849, California’s Euro-American population grew; settlers established regular exchange routes 
and sold their surplus goods to newly arriving immigrants. Mining activities, mostly in the North 
Coast and Shasta-Sierra regions, have left behind many archaeological features, include pits, 
hydraulic cuts, shafts, and (probably most common) water conveyance systems (e.g., ditches, 
canals, and flumes). Small towns grew up throughout these two regions to serve the needs of 
miners with mercantile stores, blacksmith shops, restaurants, hotels, and saloons. Churches and 
schools soon followed. Under the Homestead Act of 1862, 160-acre farms were made available on 
unappropriated public land. Homesteaders settled in all portions of the state in areas with abundant 
water and grazing lands. Agriculture, logging, and transportation systems also developed but were 
limited largely to local enterprises that relied on human and animal power. The ranching industry 
continued to dominate the economy of the Southern California region. 

Settlement and growth of transportation systems were the focus of the period from 1880 to 
1929. During the first decades of this period, cycles of economic boom and bust occurred as 
California’s population and the number of economic enterprises continued to increase. Economic 
growth was aided by the development of new power sources for machinery. The completion of the 
Transcontinental Railroad in 1869, powered by the steam locomotive, stimulated construction of 
railway lines across the state during the next two decades. These lines provided the means to 
connect California agriculture and industry with markets in the east. Other large-scale enterprises 
such as logging, electrical power generation, and irrigation systems were undertaken in 
mountainous, forested portions of the state. These endeavors employed large numbers of workers, 
at least for initial project construction, and therefore required work camps, employee housing 
areas, workshops, logistical centers, and transportation networks. 

Urban centers along the railroads became more important, although rural patterns for 
homesteading and agricultural enterprises were also well established throughout the state. The 
pervasive pattern of small-scale settlements, including farms and ranches, has resulted in building 
and structure foundations, trash dumps, and the remains of ranching and irrigation systems. In the 
latter part of this period, the development of the gasoline-powered automobile and its ability to 
attain higher speeds initiated the development of paved highway systems throughout the state. 

During the Depression period (1930-1941), the Civilian Conservation Corps and the Works 
Progress Administration performed an unprecedented amount of infrastructure construction (e.g., 
sidewalks, sewer lines, roads, and dams) throughout the nation. Both agencies set up many 
temporary camps across California. Gold mining increased, primarily from small-scale lode mines. 
Some larger companies operated bucket-line and drag-line dredges. These mines primarily used 
existing water conveyance systems built in the previous decades, and they frequently reworked 
tailings piles left over from hydraulic mining activities of the 1870s and 1880s. 

 

 

General Types of Historic-Period Resources-General Definition of Terms 
Buildings. A building is a structure created to shelter any form of human activity (e.g., house, 

barn, church, hotel). 
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Structure. A structure is a work made up of interdependent and interrelated parts in a definite 
pattern of organization. Constructed by humans, it is often an engineering project or large in scale 
(e.g., bridges, dams, lighthouses, water towers, radio telescopes). 

Foundation. These are structural footings or lineal alignments made from wood, brick, or rock 
to support a building or structure. 

Landscaping. This constitutes evidence of modification to the ground surface through such 
activities as contouring the land or planting vegetation (e.g., hedgerow, orchards, terraces, ponds). 

Refuse Deposit. These are discrete areas such as ground surface, drainage embankments, earth 
pits, or other receptacles that contain artifact concentrations of glass, ceramic, metal, bone, or 
other material reflecting the purposeful discard of those materials (e.g., privies, dumps, trash 
scatters). 

Linear Resource. Linear resources are most long, narrow constructions, either depressed, 
elevated, or at ground level. These include any device constructed to transport water (e.g., flumes, 
pipes, ditches, canals, dams, and tunnels), corridors designed to facilitate the transportation of 
people, vehicles, or information (e.g., roads, trails, railroad grades, and telegraph/telephone lines), 
and barriers constructed to separate adjoining areas (e.g., stone fences, retaining walls, post-cairns, 
walls, and fences). 

Mine. This includes excavations and associated structures and tailings built into the earth to 
extract natural resources. 

Cemetery. As with Native American cemeteries, these are locations that appear to have been 
selected for human interment and include any single or multiple burial. 
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4.9 Population, Employment and Housing 

4.9.1 Introduction 
This section describes the environmental setting for Population and Housing. Demographic 

trends across California can greatly affect natural resource availability and use. In addition, 
increasing population in the foothill counties of the Sierra and rural forested areas in Southern 
California has increased the likelihood of exposure of people and homes to wildland fires. 

California is comprised of 58 counties and has a population estimated at 37,253,956 (U. S. 
Census Bureau, 2011). Of the 50 States, California is the most urban, with 95% of its population 
living in the urban area that comprises about five percent of the land. Urban lands can be 
incorporated or unincorporated areas, with the unincorporated areas generally being less 
populated and on the fringe of metropolitan areas. Approximately 17% of the population lives in 
unincorporated areas, which constitute roughly 80% of the total land area (http://www. dof.ca.gov/ 
research/demographic/state_census_data_center/census_2010/documents/2010Census_Pop_Ran
kers.xls). In recent history, California’s population has dwarfed that of all other states, and the 
population growth has consistently outpaced the rest of the United States. California is home to 
seven of the nation’s ten most densely populated urban areas. The nation’s most densely populated 
area is Los Angeles-Long Beach-Anaheim, populated by close to 7,000 people per square mile. This 
is followed by San Francisco-Oakland (6,266 people per square mile), San Jose (5,820 people per 
square mile, and Delano (5,483 people per square mile) (U. S. Census Bureau, March 2012). The 
following section describes population trends statewide and for each of the bioregions in California. 
Although there have been some trends towards increasing population in the interior portions of 
California (i.e. Central Valley) the majority of the population (about 80%) still resides in coastal 
counties. 

4.9.2 Population Growth and Extent 
California is the most populous state in the nation and continues to grow. Over the past decade 

the state has grown by 10%, slightly outpacing the 9.7% average growth nationwide. However, since 
the economic downturn of 2008, its rate of growth has slowed considerably. In fact, net figures 
show that 1.5 million more people left the state than immigrated to it over the past decade. 
According to the Pew Hispanic Center (April 2012) there has been a significant drop in illegal and 
legal immigration from Mexico due to a weak U.S economy, lack of jobs, increased deportation, 
increased border patrols, and decreased birth rates. Thus the recent growth in population has been 
due solely to natural increase – more in-state births than deaths. While the vast majority of 
Californians live in urban areas, a large portion of the state resides in rural counties. These rural 
cities and counties are in some cases growing at a faster rate than the major urbanized areas. 

As residential and commercial land use continues to encroach on natural landscapes, 
population growth will influence the state’s natural ecosystems in several ways. First, continued 
population growth necessitates the use and development of increasing areas of forests and 
particularly rangelands for people to live and work in. Second, the greater ethnic diversity, an aging 
population, and increasing incomes further drive new and varied demands for open space, outdoor 
recreation, natural reserves, and working landscapes that provide employment opportunities. Third, 

http://www/
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most Californians live in urban areas. This urban population drives attitudes and preferences that 
influence the willingness to support management goals and investment in forests and rangelands.  

The majority of Californians live in areas characterized by dense development. As of 2010, 
about 80 percent of California’s 37.3 million people lived within the boundaries of census blocks 
averaging at least one housing unit per acre (U.S. Census Bureau, 2010). In 2011, California had 18 
cities with a population over 200,000 and 69 cities exceeding 100,000. The California Department of 
Finance (DOF) reports that roughly one quarter of all Californians (9.4 million) live in the ten largest 
cities (California Department of Finance, 2011). California has experienced continuing population 
growth of about 10% from 2000 to 2010 (on average about a 1% annual growth rate).  

California’s population growth over the past decade has not been equally distributed across all 
bioregions. Of the 58 counties in the State, 55 had population growth during the time period of 
2000-2010, and three counties, all in the Sierra bioregion experienced population declines over the 
decade. On a bioregion level, the Mojave, Sierra, Colorado Desert, and San Joaquin bioregions all 
experienced over-all growth rates that equaled or exceeded 20 percent over that period, or about 
twice the state average (Table 4.9.1). 
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Table 4.9.1  
Past Population Growth in California by Bioregion and County (2000 - 2010) 

      Percent 

  

      Percent 
      change        change  

Bioregion/county 2000 2010 
2000-
2010 Bioregion/county 2000 2010 

2000-
2010 

California 33,871,653 37,253,956 10% San Joaquin Valley       
Bay/Delta       Fresno County     799,407      930,450  16% 

Alameda County 
   
1,443,741  

    
1,510,271  5% Kern County     661,645      839,631  27% 

Contra Costa 
County 

      
948,816  

    
1,049,025  11% Kings County     129,461      152,982  18% 

Marin County 
      
247,289  

       
252,409  2% Madera County     123,109      150,865  23% 

Napa County 
      
124,279  

       
136,484  10% Merced County     210,554      255,793  21% 

San Francisco 
County 

      
776,733  

       
805,235  4% San Joaquin County     563,598      685,306  22% 

San Mateo County 
      
707,163  

       
718,451  2% Stanislaus County     446,997      514,453  15% 

Santa Clara County 
   
1,682,585  

    
1,781,642  6% Tulare County     368,021      442,179  20% 

Solano County 
      
394,542  

       
413,344  5%      Totals 3,302,792 3,971,659 20% 

Sonoma County 
      
458,614  

       
483,878  6% Sierra       

  Totals 6,783,762 7,150,739 5% Alpine County        1,208         1,175  -3% 
Colorado Desert       Amador County       35,100        38,091  9% 

Imperial County 
      
142,361  

       
174,528  23% Calaveras County       40,554        45,578  12% 

Modoc       El Dorado County     156,299      181,058  16% 

Lassen County 
        
33,828  

        
34,895  3% Inyo County       17,945        18,546  3% 

Modoc County 
          
9,449  

          
9,686  3% Mariposa County       17,130        18,251  7% 

  Totals 43,277 44,581 3% Mono County       12,853        14,202  10% 
Mojave       Nevada County       92,033        98,764  7% 

Riverside County 
   
1,545,387  

    
2,189,641  42% Placer County     248,399      348,432  40% 

San Bernardino 
County 

   
1,709,434  

    
2,035,210  19% Plumas County       20,824        20,007  -4% 

  Totals 3,254,821 4,224,851 30% Sierra County        3,555         3,240  -9% 
North 
Coast/Klamath       Tuolumne County       54,504        55,365  2% 

Del Norte County 
        
27,507  

        
28,610  4%   Totals 700,404 842,709 20% 

Humboldt County 
      
126,518  

       
134,623  6% Central Coast       

Lake County 
        
58,309  

        
64,665  11% Monterey County     401,762      415,057  3% 

Mendocino County 
        
86,265  

        
87,841  2% San Benito County       53,234        55,269  4% 

Siskiyou County 
        
44,301  

        
44,900  1% 

San Luis Obispo 
County     246,681      269,637  9% 

Trinity County 
        
13,022  

        
13,786  6% Santa Barbara County     399,347      423,895  6% 
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Source: http://www.dof.ca.gov/research/demographic/state_census_data_center/census_2010/documents/201 
Census_Pop_Rankers.xls 

The top ten fastest growing counties between 2000 and 2010 had average annual growth rates 
ranging from 2 percent in Yuba to 4.2 percent in Riverside County (Table 4.9.2). While most of the 
fastest growing counties have extensive areas of forest and rangeland, three forest and rangeland 
counties did not grow – Plumas, Sierra and Alpine counties all experienced declining populations 
over the period.  

Table 4.9.2  
Top Ten Fastest Growing Counties (2000 – 2010) and Percentage Forest and Rangeland 

County County population  
April 1, 2010 

Percent change  
2000-2010 

Percent of county area in forests and 
rangelands 

Riverside             2,189,641  41.7 82 
Placer                348,432  40.3 81 
Kern                839,631  26.9 73 
Imperial                174,528  22.6 77 
Madera               150,865  22.5 64 
San Joaquin                685,306  21.6 20 
Merced                255,793  21.5 47 
Tulare                442,179  20.2 63 
Sutter                  94,737  20.0 15 
Yuba                  72,155  19.8 67 
Source: 
http://www.dof.ca.gov/research/demographic/state_census_data_center/census_2010/documents/2010Census_Pop_Rankers.xls ; 
CAL FIRE, 2006 (fveg06) 

 

In the last decade, California’s ten largest cities experienced population changes ranging from -
2.2 to 40.7 percent, while a number of small to moderate-sized cities experienced the highest 
relative growth rates (http://www.dof.ca.gov/research/demographic/state_census_data_center/ 
census_2010/documents/2010Census_Pop_Rankers.xls). The ten fastest growing cities had average 

  Totals 355,922 374,425 5% Santa Cruz County     255,602      262,382  3% 
Sacramento Valley       Ventura County     753,197      823,318  9% 

Butte County 
      
203,171  

       
220,000  8%   Totals 2,109,823 2,249,558 7% 

Colusa County 
        
18,804  

        
21,419  14% South Coast       

Glenn County 
        
26,453  

        
28,122  6% Los Angeles County  9,519,338   9,818,605  3% 

Sacramento County 
   
1,223,499  

    
1,418,788  16% Orange County  2,846,289   3,010,232  6% 

Shasta County 
      
163,256  

       
177,223  9% San Diego County  2,813,833   3,095,313  10% 

Sutter County 
        
78,930  

        
94,737  20%   Totals 15,179,460 15,924,150 5% 

Tehama County 
        
56,039  

        
63,463  13% 

  

Yolo County 
      
168,660  

       
200,849  19% 

Yuba County 
        
60,219  

        
72,155  20% 

  Totals 1,999,031 2,296,756 15% 
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annual percentage changes ranging from 7.9 to 28.2 percent, with an average of 12.9 percent 
growth (Table 4.9.3). City annexations and housing construction prior to 2008 are due in part to 
these high growth rates. Each year, these factors combine to result in a different set of small and 
medium sized cities experiencing high growth. 

Table 4.9.3  
Percentage Change of the Top Ten Fastest Growing California Cities (2000 – 
2010) 

City Population (2010) Percent change 2000-2010 
Lincoln 42,819 282.1% 
Beaumont 36,877 223.9% 
Murrieta 103,466 133.7% 
Brentwood 51,481 120.9% 
American Canyon 19,454 99.0% 
Imperial 14,758 95.2% 
Perris 68,386 89.0% 
San Jacinto 44,199 85.9% 
Victorville 115,903 81.0% 
Lake Ellsinore 51,821 79.1% 
Source: 
http://www.dof.ca.gov/research/demographic/reports/estimates/cities_ranked/view.php 

4.9.3 Population Projections 
California’s total population has grown consistently since the 1850s, and projections show that 

strong growth will likely continue (Figure 4.9.1). Between 2010 and 2020, population is projected to 
grow at about 1.4 percent per year, with the result that California is projected to have about 44.1 
million residents by the end of the decade (http://www.dof.ca.gov/research/ demographic/state_ 
census_data_center/historical_census_1850-2010/view.php). However, these projections may be 
high if the economy is slow to recover over the next ten years. 

 

http://www.dof.ca.gov/research/%20demographic/state_census_data_center/historical_census_1850-2010/view.php
http://www.dof.ca.gov/research/%20demographic/state_census_data_center/historical_census_1850-2010/view.php
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Population Growth and Projections for California, 1850 - 2050 (in millions of residents)
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Figure 4.9.1 Historic and projected population growth in California, 1850-2050 

Sources: http://www.dof.ca.gov/research/demographic/state_census_data_center/historical_census_1850-
2010/documents/2010-1850_STCO_IncCities-FINAL.xls; 
http://www.dof.ca.gov/research/demographic/reports/projections/p-1/documents/P-1%20Report%20Tables.xls 
 

The population in forest and rangeland counties increased from 5.6 million people to 6.3 
million (about 13.4%) between 2000 and 2010, and is expected to increase to over 7.8 million in 
2020. This is an average annual rate of 2.0 percent per year, or about double that for the state 
taken as a whole. While the Sierra Bioregion overall is growing at a higher rate than the statewide 
average, there is significant variation among the counties that make up that bioregion. In Figure 
4.9.2, counties in darker colors are projected to grow at a faster rate. 

http://www.dof.ca.gov/research/demographic/state_census_data_center/historical_census_1850-2010/documents/2010-1850_STCO_IncCities-FINAL.xls
http://www.dof.ca.gov/research/demographic/state_census_data_center/historical_census_1850-2010/documents/2010-1850_STCO_IncCities-FINAL.xls
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Figure 4.9.2 Projected rate of county population increase (2000-2020) 

Source: Compiled by CAL FIRE from DOF, 2010 
 

CAL FIRE grouped counties into bioregions to determine population projections on a regional 
basis (Figure 4.9.3). For example, the Sierra bioregion is an area where a rapidly growing population 
will have impacts on the extensive forests and rangelands. In the next decade, the Sierra bioregion 
population is expected to increase 21 percent from 843,000 to 1.02 million people. Table 4.9.4 
shows the projected county-based population increases from 2010 to 2020 for all bioregions in the 
State. Overall, growth is projected to be greatest away from the coast, in interior bioregions with 
much forest and rangeland. 
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Figure 4.9.3 Projected rate of population increase by county-based bioregion (2010-2020) 

                   Source: Compiled by CAL FIRE from DOF, 2011 



Population, Employment, and Housing 
 

 

California Department of Forestry and Fire Protection 4.9-9 
Vegetation Treatment Program 
Draft Environmental Impact Report 
 

Table 4.9.4  
Projected Population Growth by Bioregion and County (2010-2020) 

      Percent 

  

      Percent 

      change        change  

Bioregion/county 2010 2020 
2010-
2020 Bioregion/county 2010 2020 

2010-
2020 

California 37,253,956 44,135,923 18% San Joaquin Valley       

Bay/Delta         Fresno County      930,450  1,201,792 29% 

  Alameda County   1,510,271  1,663,481 10%   Kern County      839,631  1,086,113 29% 

  Contra Costa County   1,049,025  1,237,544 18%   Kings County      152,982  205,707 34% 

  Marin County      252,409  260,305 3%   Madera County      150,865  212,874 41% 

  Napa County      136,484  165,786 21%   Merced County      255,793  348,690 36% 

  San Francisco County      805,235  844,466 5%   San Joaquin County      685,306  965,094 41% 

  San Mateo County      718,451  761,455 6%   Stanislaus County      514,453  699,144 36% 

  Santa Clara County   1,781,642  1,992,805 12%   Tulare County      442,179  599,117 35% 

  Solano County      413,344  503,248 22%      Totals 3,971,659 5,318,531 34% 

  Sonoma County      483,878  546,151 13% Sierra       

    Totals 7,150,739 7,975,241 12%   Alpine County          1,175  1,453 24% 

Colorado Desert         Amador County        38,091  47,593 25% 

  Imperial County      174,528  239,149 37%   Calaveras County        45,578  56,318 24% 

Modoc         El Dorado County      181,058  221,140 22% 

  Lassen County        34,895  42394 21%   Inyo County        18,546  20,495 11% 

  Modoc County          9,686  13134 36%   Mariposa County        18,251  21,743 19% 

    Totals 44,581 55,528 25%   Mono County        14,202  18,080 27% 

Mojave         Nevada County        98,764  114,451 16% 

  Riverside County   2,189,641  2,904,848 33%   Placer County      348,432  428,535 23% 

  San Bernardino County   2,035,210  2,581,371 27%   Plumas County        20,007  22,934 15% 

    Totals 4,224,851 5,486,219 30%   Sierra County          3,240  3,508 8% 

North Coast/Klamath         Tuolumne County        55,365  64,161 16% 

  Del Norte County        28,610  36,077 26%     Totals 842,709 1,020,411 21% 

  Humboldt County      134,623  142,167 6% Central Coast       

  Lake County        64,665  77,912 20%   Monterey County      415,057  476,642 15% 

  Mendocino County        87,841  102,017 16%   San Benito County        55,269  83,792 52% 

  Siskiyou County        44,900  51,283 14%   San Luis Obispo County      269,637  293,540 9% 

  Trinity County        13,786  18,236 32%   Santa Barbara County      423,895  459,498 8% 

    Totals 374,425 427,692 14%   Santa Cruz County      262,382  287,480 10% 

Sacramento Valley         Ventura County      823,318  956,392 16% 

  Butte County      220,000  281,442 28%     Totals 2,249,558 2,557,344 14% 

  Colusa County        21,419  29,588 38% South Coast       

  Glenn County        28,122  37,959 35%   Los Angeles County   9,818,605  11,214,237 14% 

  Sacramento County   1,418,788  1,622,306 14%   Orange County   3,010,232  3,520,265 17% 

  Shasta County      177,223  224,386 27%   San Diego County   3,095,313  3,550,714 15% 

  Sutter County        94,737  141,159 49%     Totals 15,924,150 18,285,216 15% 

  Tehama County        63,463  79,484 25% 

  

  Yolo County      200,849  245,052 22% 

  Yuba County        72,155  109,216 51% 

    Totals 2,296,756 2,770,592 21% 

Source: DOF, 2011 and CAL FIRE 
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4.9.4 Housing Issues and Trends 
During the 1980s and 1990s, construction of new housing units showed a long-term overall 

decline in California. New construction picked up during the housing and real estate boom of the 
early 2000s. With the collapse of the housing market and subsequent economic recession, 
beginning in the years 2007-2008, California was hit very hard in numerous areas, and recovery in 
the construction industry since then has been stalled or slow. Still over the decade, California added 
1.5 million new housing units (2010 Census Briefs: Housing Characteristics).  

In the years just prior to the collapse, inflated housing prices fueled booms in home sales and 
prices, as well as new home construction. Prior to the bust, in 2004, nearly 213,000 new homes and 
apartments were built – the highest level since 1989 (Department of Housing and Community 
Development, 2006). June of 2006 still saw over 13,000 new housing starts. But just two years later 
in that same month, the number had plummeted to around 4,000 – a nearly 70% drop. New starts 
have continued to decline significantly, and in 2011 have hovered between one thousand and two 
thousand per month. 

In California there has been a trend towards increased development in rural communities (CAL 
FIRE, 2002). A total of 11. 8 million homes are located in the Wildland Urban Interface (WUI). Of 
this, 4.9 million housing units (42 percent) are exposed to High or greater Fire Threat. Furthermore, 
of these, 4.1 million homes (84 percent) are from urban areas, where density of housing units 
exceeds one unit per acre. Thus while the land area considered WUI is dominated by areas of 
relatively low development density, the majority of houses at risk come from urbanized areas.  

Table 4.9.5 provides a county-based summary of acres by housing density and land use class for 
each Bioregion. Using the 2010 census data housing unit density was classified into the following 
four categories, where all classes other than wildlands would be considered as potential WUI:  

• Wildland (< 1 unit per 20 acres) 

• Rural (1 or more units per 20 acres and less than one unit per 5 acres). 

• Interface (1 or more units per five acres and less than one unit per acre 

• Urban (1 or more units per acre) 

A vast majority of California’s 101,452,187 acres is classified as “wildland.”  The next 
predominate class is “rural.”  These two classes are often targeted for development to meet the 
demands of a growing population. Between 2000 and 2010, close to 302,000 wildland and rural 
acres in the State were lost to development pressures. The State average conversion rate was 0.3% 
over this period. A total of 19 Counties exceeded this conversion rate over the same time period, 
with more than eight counties converting at triple or more than the average, These Counties 
included Placer (2.9% or 27,437 acres), Sacramento (2.0% or 12,968 acres), Riverside (1.8% or 
82,483 acres), Nevada (1.4% or 8,767 acres) Amador (1.2% or 4,760 acres), San Joaquin (1.1% or 
9,983 acres), El Dorado (1.1% or 12,416 acres), and Calaveras (0.9% or 5,985 acres).  

On a bioregion basis, the Mojave region lost close to 124,000 acres of rural and wildlands 
between 2000-2010, close to double of that lost in the San Joaquin (68,000 acres) and Sierra (65,000 
acres) bioregions. 
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Table 4.9.5.   Acres by Housing Density and Land Use Classes (2010)

Bioregion County Wildland Rural Interface Urban Grand Total
BAY/DELTA 3,797,018 273,659 234,829 484,653 4,790,159

Alameda 405,109 6,640 22,334 90,666 524,749
Contra Costa 354,152 18,721 42,312 99,766 514,949
Marin 327,050 6,171 16,430 29,330 378,980
Napa 447,603 35,955 10,796 11,465 505,820
San Francisco 49,204 245 705 18,724 68,878
San Mateo 273,644 13,237 20,185 46,302 353,368
Santa Clara 633,427 49,945 38,973 113,567 835,911
Solano 512,812 20,133 14,203 34,998 582,144
Sonoma 794,017 122,615 68,892 39,836 1,025,359

CENTRAL COAST 7,751,894 280,049 167,694 166,356 8,365,993
Monterey 1,996,860 63,648 34,274 25,531 2,120,313
San Benito 861,772 20,012 4,124 3,527 889,435
San Luis Obispo 2,004,781 55,921 40,442 23,759 2,124,902
Santa Barbara 1,673,285 32,421 21,978 31,581 1,759,266
Santa Cruz 162,438 71,311 33,334 18,556 285,638
Ventura 1,052,757 36,736 33,543 63,402 1,186,439

COLORADO DESERT 2,824,527 20,271 11,220 11,858 2,867,876
Imperial 2,824,527 20,271 11,220 11,858 2,867,876

KLAMATH/NORTH COAST 11,798,793 227,314 101,129 32,047 12,159,283
Del Norte 625,271 11,206 10,779 1,835 649,092
Humboldt 2,200,757 56,590 23,627 12,619 2,293,593
Lake 791,250 33,346 18,769 8,302 851,666
Mendocino 2,150,641 64,958 28,298 4,766 2,248,663
Siskiyou 4,011,886 33,188 14,002 3,810 4,062,886
Trinity 2,018,988 28,025 5,654 714 2,053,381

MODOC 5,672,419 28,345 5,407 3,130 5,709,301
Lassen 2,992,600 20,571 3,780 2,418 3,019,369
Modoc 2,679,819 7,774 1,627 712 2,689,931

MOJAVE 16,445,557 387,252 312,785 393,421 17,539,015
Riverside 4,105,397 195,151 159,343 212,303 4,672,194
San Bernardino 12,340,160 192,102 153,442 181,117 12,866,821

SACRAMENTO VALLEY 8,352,103 412,509 149,420 196,674 9,110,705
Butte 939,689 76,565 33,459 23,462 1,073,175
Colusa 729,184 6,896 2,143 1,717 739,939
Glenn 830,882 13,209 3,227 1,917 849,236
Sacramento 420,093 57,414 38,567 119,813 635,886
Shasta 2,294,910 111,626 37,955 17,610 2,462,102
Sutter 356,779 19,124 5,789 7,775 389,467
Tehama 1,811,024 64,885 15,271 3,725 1,894,904
Yolo 618,598 13,776 6,550 14,972 653,895
Yuba 350,946 49,014 6,459 5,683 412,101

SAN JOAQUIN VALLEY 16,377,497 695,899 216,717 297,343 17,587,456
Fresno 3,558,866 178,380 41,215 68,666 3,847,127
Kern 5,015,742 84,407 54,475 71,659 5,226,284
Kings 852,356 22,625 5,286 10,406 890,673
Madera 1,268,466 71,503 30,074 8,181 1,378,224
Merced 1,173,009 59,101 15,517 17,746 1,265,373
San Joaquin 739,625 97,244 27,214 47,640 911,723
Stanislaus 827,165 87,615 15,469 39,384 969,632
Tulare 2,942,268 95,025 27,467 33,660 3,098,420

SIERRA 16,596,059 565,266 231,479 91,559 17,484,363
Alpine 470,754 1,955 969 313 473,991
Amador 335,091 32,685 17,118 2,534 387,429
Calaveras 579,082 58,785 19,818 5,328 663,013
El Dorado 930,266 147,388 49,481 18,403 1,145,538
Inyo 6,535,860 5,691 2,219 2,070 6,545,841
Mariposa 882,793 47,421 4,297 470 934,982
Mono 1,991,958 5,749 3,261 2,844 2,003,811
Nevada 471,470 103,210 36,238 11,915 622,833
Placer 775,031 87,077 60,147 37,700 959,956
Plumas 1,634,012 24,853 11,928 2,827 1,673,619
Sierra 610,414 3,376 1,543 322 615,655
Tuolumne 1,379,327 47,078 24,460 6,832 1,457,697

SOUTH DESERT 4,269,492 285,816 317,712 965,013 5,838,035
Los Angeles 1,846,856 98,794 134,874 533,829 2,614,352
Orange 268,514 10,956 30,918 201,138 511,526
San Diego 2,154,122 176,067 151,920 230,047 2,712,156

California Total 93,885,359 3,176,381 1,748,393 2,642,054 101,452,187  
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4.9.5 Employment 
The 2006 annual average non-seasonally adjusted unemployment rate in California was 4.9%, 

but due to the most recent economic recession this rate had climbed to 12.4% by 2010. The 
unemployment rate showed a slight improvement in 2011, with an annual average statewide 
unemployment rate of 11.7%. Rural areas in general are slower to improve in a weak economy, and 
some rural areas unemployment rates remained in the 20-25% range during 2011. Statewide, total 
nonfarm jobs grew by 21.1% from 1995-2008, but declined significantly in 2009, resulting in net 
growth of 10.7% during the period of 1995-2009. Population and total employment grew by six 
percent from 2001-2008, while the average annual wage grew by 24.6% over the same period. 
Much of the wage increase is due to four minimum wage increases from 2001-2008, from $6.25 in 
2001 to $8.00 per hour in 2008. Service sector jobs have grown slightly, while jobs in residential 
housing construction have fallen recently by over 13%. Recent economic forecasts project 
employment in California to pick up slightly (about 2% annually) in the coming years. 

During the 2000s regional job and wage trends varied considerably. These overall regional 
measures capture the net result of the increases and declines of various employment sectors Figure 
4.9.4 summarizes regional year-over change in employment for 2001-2008. Industry sector declines, 
such as the 2001-2003 dot com bust in the Bay Area, and the 2008 construction bust in the 
Sacramento Area have a large impact on the overall regional employment. Figure 4.9.5 depicts job 
growth, unemployment rates and wage growth for the regional economies (county-based 
bioregions) as defined by California Economic Strategy Panel (CESP) (AB 119 repealed the law that 
created the CESP effective 1/1/12). The most populous urban regions–the Bay Area, Southern 
California, Southern Border (San Diego) and Sacramento–had varying rates of job and wage growth 
over the years as the economic climate changed in the state. 

Figure 4.9.4 Year-over Change in Employment 2001-2008 
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Figure 4.9.5 Employment, Job Growth, and Average Annual Wage 2001-2008 

 
Source: California 2010 Economic Profile 
Derived from California Regional Economies Employment Series (CREE) Data. 
 
 

 

http://www.dir.ca.gov/iwc/minimumwagehistory.htm
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4.10 Transportation and Traffic 

4.10.1 Introduction  
The purpose of the Transportation/Traffic Section is to describe existing and future traffic 

circulation and parking patterns, and to evaluate the impact of the proposed project on these 
conditions. This evaluation should also consider project impacts on public transportation and 
alternative modes of transportation, such as bicycles, shuttles, and walkways. The Vegetation 
Treatment Program (VTP) does not typically result in the construction of new roads or the 
modification of existing roads to conduct projects. However, the following section provides a brief 
discussion of the existing transportation system that the program operates under. 

4.10.2 Responsible Agencies  
The California Department of Transportation (Caltrans) would be a Responsible Agency for 

projects requiring permits for encroaching on land within its jurisdiction. Caltrans reviews projects 
to ensure that the proposed encroachment is compatible with the primary uses of the state 
highway system, and to protect the state's investment in the highway facility.  

4.10.3 Transportation Setting 
California has an extensive road network that supports a growing population that exceeds 36 

million (Table 4.10.1). The amount of public roads in California is almost equally divided between 
rural and urban areas (Table 4.10.2). With only 8% of California’s population, rural areas comprise 
94% of the land area. There are roughly 80,000 miles of rural roads in California. California’s growing 
population places an increased demand on its transportation system. In the thirteen years between 
1984 and 1997, at least 26,000 lane-miles of streets and highways were added to the entire road 
network statewide (Table 4.10.3). The Interstate highway system grew by five percent, freeways 
and expressways off the Interstate system increased by 26 percent, principal arterial streets grew 13 
percent, and minor arterial streets increased 26 percent. Over that same period California’s 
population grew 28 percent and the amount of driving increased by 45 percent. 

Table 4.10.1  
Extent of Transportation System by Bioregion (Source: Census, 2000) 

Bioregion Total  
Miles 

Local 
Roads Other State 

Highways 
US 

Highways Trails Rail 
 

 Bay Area/Delta     36,640        32,639     1,538        1,055        1,025        381  1,323 
 Central Coast     25,246        20,510     1,470        1,163           712     1,390  428 
 Colorado Desert     13,251        11,291        253           601           431        675  531 
 Klamath/North Coast     42,165        37,549     1,258        1,159           554     1,637  680 
 Modoc     21,842        18,912        259           597           225     1,849  646 
 Mojave     39,995        34,650        415        1,404           694     2,832  1,014 
 Sacramento Valley     18,035        16,258        586           555           383        252  692 
 San Joaquin Valley     40,426        34,425     3,600        1,333           822        246  1,221 
 Sierra     48,416        41,418     1,828        2,168           810     2,192  591 
 South Coast     64,776        58,119     1,985        1,794        1,971        906  1,447 
 Total   350,791      305,772   13,194       11,829        7,628   12,361  8,573 

http://www.dot.ca.gov/
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In California’s major metropolitan areas where a majority of the state’s residents live, new 
roadway capacity expansions have actually kept pace with population growth over the last fifteen 
years (while California’s metropolitan areas’ population has increased 28 percent since 1984, road 
capacity has increased by 24 percent). In reality, much of what has driven the recent growth in 
traffic congestion is an even sharper increase in driving (vehicle miles traveled), an exponential 
increase that cannot be explained by population expansion alone. Rather, the trend towards an 
increasing number of miles driven primarily reflects the trend towards lower-density residential and 
commercial development patterns that force people to drive more frequently over longer distances. 

Rural areas in California face different transportation issues than urban areas. Rural areas 
comprise more than 90 percent of the land area, contain roughly half of the road miles in California, 
but represent less than 10 percent of the population (CALTRANS, 2005; Table 4.10.2). As such, the 
burden of maintaining the transportation system across rural regions in California is greater. Figure 
4.10.1 provides an estimate of the condition of rural roads in California. 

Table 4.10.2  
California Public Road Length, Miles By Functional System 

 1995 1996 1997 1998 1999 2000 
Total rural and urban 170,389 170,506 170,598 165,948 166,973 168,076 
Rural 87,869 87,397 87,343 82,413 83,186 83,428 
Interstate 1,346 1,345 1,353 1,357 1,362 1,357 
Other principal arterial 3,691 3,687 3,685 3,688 3,689 3,701 
Minor arterial 6,911 6,904 6,904 6,901 6,906 6,969 
Major arterial 13,058 13,014 13,066 13,001 13,059 13,100 
Minor collector 9,114 9,072 8,998 8,900 8,820 8,781 
Local 53,749 53,375 53,337 48,566 49,350 49,520 

       
Urban 82,520 83,109 83,255 88,535 83,787 84,648 
  Interstate 1,076 1,079 1,066 1,069 1,094 1,096 
  Other freeways and expressways 1,328 1,334 1,399 1,397 1,375 1,343 
  Other principal arterial 5,860 5,854 5,836 5,844 5,832 5,939 
  Minor arterial 10,292 10,288 10,270 10,236 10,232 10,435 
  Collector 10,034 10,025 10,027 9,973 9,960 10,039 
  Local 53,930 54,529 54,657 55,016 55,294 55,796 
SOURCE:  U.S. Department of Transportation, Federal Highway Administration, Highway Statistics, Washington, DC: 
annual editions, table HM-20, available at http://www.fhwa.dot.gov/ohim/hs00/hm20.htm as of Feb. 1, 2002. 
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Table 4.10.3  
Trends in Statewide Road Supply And Traffic Demand 

Facility Type 1984 1997 Percent Change 1984-97 
Interstate Highways 13,584 14,276 5% 
Other Freeways & Expressways 6,252 7,873 26% 
Principal Arterial Streets 28,851 32,618 13% 
Minor Arterial Streets 35,240 44,472 26% 
Collector Streets 61,976 66,602 7% 
Local Streets ? 215,989 ? 
Total Statewide ? 381,827 ? 
Subtotal Less Local Streets 194,590 220,608 13% 
Population (Millions) 25.8 32.9 28% 
Vehicle Miles Travels (Billions) 196 286 45% 
Source: California Research Bureau, Federal Highway Administration, California Department Of Transportation 

 
 

 
Figure 4.10.1 Condition of Rural Roads in California 

Source: U.S. Department of Transportation, Federal Highway Administration, Highway Statistics (2000) 

4.10.4 Environmental Issues 
Air quality and greenhouse gas emissions are the predominant environmental impacts 

associated with transportation. This is closely tied to energy consumption by cars, trucks, and other 
modes of transportation. The transportation sector accounts for roughly 35% of all energy used in 
California (U.S. DOE, 2002). The burning of fossil fuels for transportation is estimated to represent 
60% of all greenhouse gases. A growing population combined with a trend toward longer commutes 
will likely further degrade air quality without changes in fuel consumption and our dependence on 
petroleum as a primary source of energy, and current modes of transportation. Other 
environmental impacts associated with transportation include: 

• Water Quality – can be degraded through stormwater runoff from roads and other 
impermeable surfaces. 

• Vegetation – can be impacted through direct removal due to new roads as well as 
impairments from transportation generated air pollution. 

• Wildlife habitat – road systems increase fragmentation and can degraded existing habitat. 
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• Open space – transportation can either directly or indirectly (i.e. growth induced) lead to 
losses in the amount of open space. 

Water Quality Issues 
Forest roads have been shown to represent a significant portion of the sediment budget in 

many forest watersheds that are managed for timber production. The greatest potential for 
degrading water quality comes from roads on steep slopes or erodible soils, and stream crossings. In 
the North Coast bioregion where many watersheds are listed as sediment impaired, forest roads are 
viewed as a primary source of management related sediment.  

Vegetation Issues 
Roads have numerous effects on vegetation. There are direct impacts of vegetation removal 

from road building. There are indirect effects associated with the displacement of native plants and 
the introduction of non-native species; along with fragmentation of habitat. 

Wildlife and Habitat Issues 
Roads and transportation systems have the potential to degrade and fragment habitat 

conditions for a number of species across California. The following provides a brief summary of 
wildlife and habitat issues that are known to be aggravated by existing road conditions. 

Kit Fox: 
The San Joaquin kit fox (Vulpes macrotis mutica) is an example of an endangered species that is 

at risk of extinction from habitat fragmentation, loss, and degradation. Roads are one of many 
factors that are known to affect kit fox populations. Roads may affect fox survival, den use, 
movements, and other essential functions. Furthermore, the potential for negative impact is 
proportional to road width, traffic volume, and speed limit. Due to relatively low land values the San 
Joaquin Valley has been experiencing one of highest rates of population growth and with this will 
come increased urbanization and demand for more roads. It is expected that roads will grow wider, 
carry higher traffic volumes, and become more inhospitable to wildlife. A recent study found that 
the kit fox did not show significant avoidance to building dens near roads, but that there was a 
higher risk to vehicle strikes and a direct loss of habitat (Bjurlin et al., 2005). 

As urban lands spread and natural lands diminish, urbanized kit fox populations also may 
become more valuable to species recovery. Consequently, the influence of transportation networks 
on the persistence of urban fox populations will grow simultaneously to the importance of those 
populations.  

Fish Passage: 
Roads in rural areas often cross fish-bearing streams and when not properly designed create 

barriers to fish passage. This issue is most relevant within the North Coast, the Sierra, and 
Sacramento Valley bioregions where large number of salmon migrate from the ocean upstream to 
spawn. Caltrans has conducted an extensive survey of culverts along North Coast streams to 
determine the potential number of barriers and to establish a priority for removing barriers to fish 
passage. In a survey of over 800 miles of State highway over 400 potential fish passage sites were 
identified, of which, 312 were surveyed. The initial results indicated that 60% of the sites did not 
meet the desired design requirements for fish passage, and 32% of the sites were determined to 
present difficult passage conditions for one or more species of fish (Lang, 2005).  
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Open Space Issues 
Road building in California can have growth inducing effects on future population and 

development patterns that leads to sprawl and a reduction in the amount of open space areas. In 
California foothill communities this has resulted in an increase in the number of houses and people 
living in fire prone landscapes. In turn, this may influence the types of vegetation management that 
are needed or appropriate to manage fire risk within the WUI (Wildland Urban Interface). 

 
 

 
 
 



 
 

California Department of Forestry and Fire Protection 4.11-1 
Vegetation Treatment Program 
Draft Environmental Impact Report 
 

4.11 Utilities and Energy 

4.11.1 Introduction 
This section describes the environmental setting for Utilities and Energy. The Utilities section of the EIR 

explains the distribution of the utilities used within California and those potentially affected by the 
VTP program. These include electricity, water, and renewable energy sources that include biomass, 
hydro, wind, and geothermal. 

Utilities (transmission lines, substations, etc.) and water supply facilities are at risk to wildfires. 
Wildfires have the potential to damage or destroy transmission lines. Depending on the extent of 
the damage the impact to transmission lines from a wildfire could have a cascading effect across the 
energy grid. High severity wildfires as well as prescribed fire have the potential to affect the capacity 
of water storage through accelerated erosion and sedimentation. The fuel reduction and brush 
removal the Vegetation Treatment Program can reduce the risk of high severity fires occurring in 
areas that are likely to impact utilities or water supply. The following is a summary of key issues 
regarding the importance of the VTP to protect utilities and enhance energy production from a 
renewable source. 

• Utilities are an asset at risk (esp. transmission lines, substations, wind generation and 
maybe geothermal facilities; they can be threatened by wildfire, and escaped prescribed 
fire could be an issue). 

• Hydro facilities generate electricity, as well as store water. Vegetation Management can 
increase runoff that is favorable to electricity generation and storage; it can also cause 
sedimentation that helps fill in reservoirs and gum up generators. 

• Mechanical Treatment of Vegetation generates biomass. Some can be used for electricity 
generation or thermal applications that offset fossil fuel use.  

4.11.2 Regulatory Setting 
A number of different agencies regulate utilities and energy production in California. These 

agencies do not have direct oversight over the Vegetation Treatment Program. However, their 
oversight and policy decisions can influence infrastructure needs which in turn may indirectly have a 
greater influence on the VTP. This would be particularly true if policy decisions lead to a greater 
emphasis on biomass and other renewable energy sources. 

Potential Responsible Agencies include: 

• Public Utilities Commission (PUC) (www.cpuc.ca.gov) for projects requiring permits to 
construct an electric transmission line, a water utility, a radio-telephone utility, or 
facilities for operating a passenger transportation service; 

• California Electricity Oversight Board (www.eob.co.gov) ensures transmission reliability 
through overseeing operations of the California Independent System Operator (CAISO), 
ensures fair market prices, and monitors daily market variations. 

http://www.eob.co.gov/


 
Utilities and Energy 

 

 
 

California Department of Forestry and Fire Protection 4.11-2 
Vegetation Treatment Program 
Draft Environmental Impact Report   
 

• California Integrated Waste Management Board (www.ciwmb.ca.gov) would be a 
Responsible Agency (or any other applicable enforcement agency) for projects requiring 
permits to operate a transfer, disposal, or waste-to-energy facility;  

• Local utility providers. 

• California ISO (www.caiso.com) is the impartial link between power plants and the 
utilities that serve more than 30 million consumers. The ISO provides equal access to the 
grid for all qualified users and strategically plans for the transmission needs of this vital 
infrastructure. 

• California Energy Commission (www.energy.ca.gov) is the State's primary energy policy 
and planning agency. The Commission has major responsibilities that include: forecasting 
future energy needs, licensing thermal power plants 50 megawatts or larger, promoting 
energy efficiency, developing energy technologies and supporting renewable energy, and 
planning for and directing state response to energy emergency.  

4.11.3 Electricity - Transmission Lines 
California’s electrical transmission and distribution system consists of power plants, substations 

transmission lines, electric utility service areas, and electrical transmission busses. Power lines are a 
critical infrastructure of California’s energy system and a seemingly ubiquitous part of the 
landscape. Right-of-way corridors associated with transmission lines are normally between 150 to 
300 feet wide (CEC, 2004). They are managed to prevent tall growing trees and other vegetation 
that could interact with conductors and interfere with the ultimate management goal of providing 
safe and reliable transmission of electricity. With about 40,000 miles of transmission line in 
California (Figure 4.11.1), they represent a prominent and expanding infrastructure on the 
landscape. Table 4.11.1 and Table 4.11.2 provide a summary of the length of transmission lines by 
Bioregion and by ownership. With the increasing interest in renewable energy resources it is likely 
that additional transmission lines will need to be located in forest and range lands across the state. 
Wildfires have the potential to damage or destroy transmission lines. Depending on the extent of 
the damage the impact to transmission lines from a wildfire could have a cascading effect across the 
energy grid. 

 

http://www.ciwmb.ca.gov/
http://www.caiso.com/
http://(www.energy.ca.gov/
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Table 4.11.1  
Length of Transmission Lines by Bioregion 
Bioregion Miles 
Bay Area/Delta 7869 
Central Coast 3586 
Colorado Desert 2808 
Klamath/North Coast 2953 
Modoc 1608 
Mojave 5470 
Sacramento Valley 6119 
San Joaquin Valley 7967 
Sierra 5993 
South Coast 9834 

 
 
 
 
 
 

Figure 4.11.1 California’s major electric transmission lines 
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Table 4.11.2  
Length of Transmission Lines by Ownership 

Transmission Line Owners Circuit Miles Percent of State Total ISO-Controlled Grid IOU-Only 
Ownership 

PG and E 18491 58.3 72.4 
Edison 5129 16.2 20.1 
SDGE 1906 6 7.5 
Municipal Utilities 5224 16.5  
Federal (Western Area Power 
Administration) 

971 3.1  

    
Total State Transmission Line 
Mileage 

31721 100  

IOU Only Mileage as Proportion of Total 80.5 25526 

4.11.4 Water Infrastructure 
To accommodate a large population and to account for highly variable rainfall, California has a 

highly developed infrastructure. The California State Water Project consists of an extensive storage 
and conveyance system that includes pumping and power plants, reservoirs, lakes, storage facilities, 
aqueducts, canals, and pipelines that distribute water through 29 different water agencies. The 
location of dams, reservoirs and canals reflects the spatial distribution of precipitation. Many of the 
dams are located in forest landscapes (Figure 4.11.2). The State’s water is concentrated in the north, 
75% of precipitation occurs north of Sacramento, but the majority of the urban population and 
much of the irrigated agriculture are in the south. California’s water storage also meets multiple 
objectives that include: compensating for annual and seasonal variations in water supply, providing 
protection, and providing recreational opportunities. The two major water projects in California are 
the State Water Project and the Central Valley Water Project. Oroville dam is the main storage 
facility for the State Water Project. The two main storage facilities for the Central Valley Water 
Projects are Shasta dam and Friant dam. In addition, there are an estimated 1200 nonfederal dams 
with a reservoir capacity of 20 million acre feet (MAF) (Mount, 1995). Combined with 181 federal 
reservoirs the total capacity is roughly 42 MAF and captures almost 60 percent of the runoff. The 
water from these dams is distributed across the state through a complex system of canals and 
aqueducts that stretches for several thousand miles across the state. High severity wildfires have 
the potential to affect the capacity of water storage through accelerated erosion and 
sedimentation. 
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4.11.5 Energy Production and Use 
With its large and growing population California consumes more energy (264,740 Gigawatt 

hours) than any other state. It is also a world leader in electricity created by renewable energy 
resources and energy conservation. California has the lowest per capita energy consumption of any 
of the 50 states (see CEC web site). This section describes the environmental setting for energy 
production that is developed on forest and range lands and is potentially affected by fuel reduction 
projects and wildfires. 

California’s forests and rangelands provide electrical generation from several sources. These 
include electricity from hydropower, geothermal, wind, biomass, and solar. Urban wood wastes also 
contribute to production of electricity to the extent they are buried in landfills and landfill gas is 
captured and used to help generate electricity. 

California relies on three sources of energy—petroleum, natural gas, and electricity (California 
Energy Commission web site). California’s electricity system includes over 1,000 power plants that 
provide power to customers through 27,000 circuit-miles of transmission lines (Figure 4.11.1). 
California’s power generation system is owned by numerous entities, with about 44 percent of total 
generation owned by investor-owned and municipal utilities plus other entities (CEC, 2001a). 

The two largest suppliers for forest and rangeland areas are Pacific Gas and Electric (PG&E) and 
Southern California Edison (SCE). However, most of the existing power plants once owned by PG&E, 
San Diego Gas and Electric (SDG&E), and SCE were sold. New plant owners, as well as new plants 
that will be built in California, are not required to provide electricity to the State. Since deregulation 
in 1996, the CEC has approved applications for new large power plants that will generate about 

Figure 4.11.2 California dams and their power status. (DOE, 1998). 

http://www.energy.ca.gov/electricity/us_percapita_electricity_2003.html
http://www.energy.ca.gov/html/energysources.html
http://www.energy.ca.gov/html/energysources.html
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20,000 megawatts (MWs). Another 20,000 MWs of proposed capacity is under review by the CEC or 
may be submitted by developers in the near future.  

4.11.6 Forest and Range Related Energy Industry Structure 
California’s electric generation comes from multiple sources (Table 4.11.3). In 2005, Natural 

Gas, Coal, Large Hydro, and Nuclear Power comprised 89% of the fuel type used to generate 
electricity, while renewable sources (biomass, geothermal, small hydro, solar, and wind) accounted 
for 11%. 

Table 4.11.3  
Gross System Electricity Production by Resource Type (CEC, 2005) 
Fuel Type In-State NW Imports SW Imports GSP GSP Percent 

Coal* 28,129 4,926 24,796 57,851 20.10 
Large Hydro 34,500 12,883 1,701 49,084 17.00 
Natural Gas 96,088 1,786 10,812 108,686 37.70 
Nuclear 36,155 691 4,861 41,707 14.50 
Renewables 30,916 0 0 30,916 10.70 
Biomass 6,045   6,045 2.10 
Geothermal 14,379   14,379 5.00 
Small Hydro 5,386   5,386 1.90 
Solar{1} 660   660 0.20 
Wind 4,446   4,446 1.50 
Other -0-   0 0.00 
Total 225,788 20,286 42,170 288,245 100.00 

*Amount of electricity produced from coal includes out-of-state power plants that are either owned by 
California utilities or have long term contracts to supply electricity solely to California. This electricity 
produced from these coal-fired plants is not designated as an "import" even though the plants are located 
outside the State. The 15 small coal-fired power plants located within California have a name plate 
capacity of only 550 MWs; less than one percent of total State capacity. Source: CEC, 2001b 

 

Energy contributions from forests and rangelands are primarily associated with electricity from 
hydropower, geothermal, wind, and biomass. Large hydro is not considered to be renewable and is 
defined as any facility employing one or more hydroelectric turbine generators, the sum capacity of 
which exceeds 30 MWs (CEC, 2001c). In contrast, small hydro (any facility employing one or more 
hydroelectric turbine generators with a sum capacity of 30 MW or less) is considered renewable. In 
2001, renewables contributed 10.5 percent of California’s electrical generation. Renewables include 
small hydro, biomass, geothermal, wind, and solar sources (Figures 4.11.3 and 4.11.4). The most 
significant contributions come from geothermal and biomass. 
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Hydro (both large and small), geothermal, biomass, and wind energy sources are related to 
forest and range resources. Over the last two decades, the relative importance of hydro, wind, 
biomass, and geothermal has varied. However over the last five years, the relative contribution of 
hydro has declined. Tables 4.11.4 and 4.11.5 summarize the amount and percent of megawatts 
produced from renewable sources. 

 

Figure 4.11.3  Percent of electric generation by fuel types in California (2001) 
 
 
 

 

Figure 4.11.4 Percent of statewide annual total power generation for sources  
associated with forests and rangelands, 1991-2001 
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Table 4.11.4  
Megawatt Production from Online Power Plants by Bioregion and Plant Type, 2001 

Bioregion Geothermal Hydroelectric Wind Solar 

WTE 
Biomass 

Digester gas, 
landfill gas and 
municipal solid 

waste 

Agriculture, 
animal waste, 

hog fuel, 
woodwaste 

Woodwaste 
only 

Bay Area/Delta 1,122 17 465 0 0 0 42 
Central Coast 0 9 0 0 0 12 21 
Colorado Desert 475 61 0 0 15 0 0 
Modoc 2 26 0 0 0 66 0 
Mojave  0 499 368 409 50 0 23 
North Coast/Klamath 686 260 0 0 28 64 0 
Sacramento Valley 0 3,708 0 3 70 124 6 
San Joaquin Valley 0 3,580 982 1 136 1 47 
Sierra 277 4,144 0 0 0 126 17 
South Coast 0 1,813 0 0 0 0 237 
California 2,562 14,117 1,815 413 298 392 393 

 
Table 4.11.5  
Percentage of Megawatt Production from Online Power Plants by Plant Type, 2001 

Bioregion Geothermal Hydroelectric Wind Solar 

WTE 
Biomass 

Digester gas, 
landfill gas and 
municipal solid 

waste 

Agriculture, 
animal waste, 

hog fuel, 
woodwaste 

Woodwaste 
only 

Bay Area/Delta 44 0 26 0 0 0 11 
Central Coast 0 0 0 0 0 3 5 
Colorado Desert 19 0 0 0 5 0 0 
Modoc 0 0 0 0 0 17 0 
Mojave 0 4 20 99 17 0 6 
North 
Coast/Klamath 27 2 0 0 9 16 0 
Sacramento Valley 0 26 0 1 23 32 2 
San Joaquin Valley 0 25 54 0 45 0 12 
Sierra 11 29 0 0 0 32 4 
South Coast 0 13 0 0 0 0 60 
California 100 100 100 100 100 100 100 

 
In 2005, geothermal accounted for roughly half of total renewable energy. Other significant 

sources of renewable energy are biomass (20%), small hydro (17%), wind (14%), and solar (2%). This 
does not count contributions from large hydro. 

Hydro 
Hydraulic turbines rotate as a result of water moving from a higher to a lower elevation and 

thus create hydroelectric power (CEC, 2001d). See the online document Hydroelectric Power in 

http://www.energy.ca.gov/electricity/hydro.html
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California for more information. The water arrives from streams and rivers or is run through man-
made facilities such as reservoirs, pipelines, and canals. Hydro power can be generated by 
conventional methods that create electricity from water flowing in one direction or by pumped 
storage methods in which water that is utilized to create electricity can be used again by pumping it 
back uphill. Conventional hydroelectric facilities can be dams or run-of-river. Dams increase the 
water level to make an elevation difference and flow pressure. Run-of-river facilities normally divert 
water from its natural channel to put it through a turbine, usually returning the water downstream 
(CEC, 2001d). From 1983 to 2001 hydroelectric generation in California has averaged 37,345 
gigawatts per hour, a figure that is 15.2 percent of the total generation used (including imports) in 
California (CEC, 2002c). The ability of hydro to contribute to electrical generating capacity varies 
with each river system and is limited by the variability and distribution of rainfall (Figure 4.11.5). 
About 75 percent of the California’s rainfall occurs north of Sacramento. Developed hydropower 
capacity is even more heavily concentrated in this area. Yet 75 percent of consumptive water usage 
is south of Sacramento. The upper Sacramento and Feather Rivers have the largest average runoffs. 
The Kings, Feather, and Upper Sacramento have the most reliable generation pattern. There are an 
estimated 386 hydroelectric power plants many of these are located in the Sierra Bioregion (Energy 
Commission, 1999).   

 

 
Figure 4.11.5  Hydroelectric plant capacity on California rivers 

Geothermal 

California now utilizes more than 2,500 MW of geothermal power generating capacity, 40 
percent of which is located in the Geysers Resource Area of Northern California. A number of areas 
have been mapped as having potential for further geothermal development, most of which are on 
lands classified as forest and rangeland. CEC staff estimates perhaps an additional 3,000 to 4,000 
MW of geothermal energy could be developed over the next decade. 
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Wind 

Wind-related power generation in California now has a capacity of more than 1,800 MW. It is 
concentrated on wind farms primarily in three areas: Altamont Pass (near Livermore), San Gorgonio 
Pass (near Palm Springs), and Tehachapi (in Kern County). Small consumer-owned wind projects 
exist in other parts of California as well. Another 950 MW is planned for the near future, though the 
total will be less due to repowering projects (American Wind Energy Association, 2002). 

Biomass 
Across California, woody biomass utilization plays a key role in forestry (CAL EPA, 2010; O'Neill 

et al., 2011). Concerns over rising energy costs, climate change, forest health and hazardous fuel 
buildups have led to executive orders and legislation that encourage the use of trees and woody 
plants as sources of energy. However, significant economic challenges exist. For instance, it is 
particularly expensive to haul heavy, moisture rich, low-energy wood over long distances (Becker et 
al., 2009a; Han et al., 2004). That predominant fact, along with other site-specific variables, such as 
forest type and condition, influences the market value for energy wood chips. Market forces dictate 
that low grade small diameter (8”-12”) trees and wood residues be chipped and used as fuel or sold 
for uses other than saw logs (Becker, et al., 2009; Evans, 2008; Evans and Finkral, 2009; Barbor et 
al., 2008). In scenarios where utilizing waste from commercial timber harvests offers to lower the 
future cost of fire suppression and/or meet other often-competing forestry management objectives, 
biomass projects potentially offer beneficial outcomes (Ager et al., 2010; Lowell et al., 2008; Mason, 
2006; Snider, 2006).  

A comprehensive economic assessment would take a closer look at how well biomass utilization 
meets those competing objectives, while using the tools of economic analysis to investigate the 
efficiency of biomass for energy. Thereby providing a reliable tool for land managers to use that 
helps to identify which use of the landscape yields the greatest overall economic value. 1  This is not 
such an analysis, since its scope is much narrower than that. To help provide a context for the role 
forest biomass could potentially play in meeting California’s renewable energy targets, estimates of 
land availability are first reviewed. Next, attention is placed on infrastructure capacity. Finally, we 
look at the current woody biomass industry use and its trends.  

While there is a growing diversity of conceptual frameworks to think about biomass availability, 
(White, 2010; Malmshimer et al., 2011) the data currently available for biomass utilization in 
California from forests and rangelands can be broken down into four categories (California Energy 
Commission (CEC) and California Department of Forestry and Fire Protection (CAL FIRE, 2005). (1) 
Potentially available biomass (i.e. gross) represents the entire standing biomass within California. (2) 
Technically available biomass is the amount of biomass that might be used considering current or 
expected technology, steepness of terrain and legal/regulatory limitations to access. (3) Fire Threat 
Treatment Area (FTTA) represents the technically available biomass that, if removed, could reduce 

                                            
1 The economic value is the capacity of an economic good or service to make a positive difference in people’s lives. Its 
measure is the sacrifice individuals are willing to make or other valuable things they possess to obtain this particular 
good or service. Money flows and commercial markets need not be involved. The statement of economic value can be in 
barter or money terms.   
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the wildfire risks to natural and social resources. (4) Harvest potential represents the 5-year average 
biomass generated from current timber harvest activities.  

Forests that are commercially logged produce an excess of waste wood fiber. Woody biomass 
fuel is all the organic material produced by plants in an urban or rural setting that can be burned 
directly as a heat source or converted into a gaseous or liquid fuel. Examples include chaparral and 
forest residues such as slash, mill waste and thinnings, hereafter referred to in this section as 
biomass. To be clear, the focus of this section is on the otherwise-unusable residuals materials 
produced from commercial timber harvests, vegetation treatment programs and milling operations. 
This section does not address biomass materials from agricultural crops and municipal solid wastes. 
The conceptual framework used in this discussion is represented below in Figure 4.11.6.  

 
Figure 4.11.6 Conceptual framework 

 

California has approximately 80 million acres of forest and rangelands (CAL FIRE, 2010). Nearly 
33 million of which are forestlands, 45 percent of which are privately owned (ibid). The remaining 
55 percent of forestland is owned by a mix of federal, State and non-governmental organizations 
(ibid). Forests and woodlands cover one third of California (Figure 4.11.7).  
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Figure 4.11.7  Percentage area of land cover classes, statewide 

 

 

  
Figure 4.11.8  Ownership 

 

The State’s woody biomass availability is large and diverse with an estimated total standing 
inventory of 1,842 million bone dry tons (BDT) in all woody biomass categories (merchantable and 
non-merchantable), where 730 million BDT is from private lands, 1,093 million BDT is from federal 
lands, and 190 thousand BDT is from State and local lands (CEC and CAL FIRE, 2005). Although those 
figures are not what would actually be used as an energy source, since not all of these resources 
can, should, or will be used for power. This is an important point, because potential availability is 
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much different from technically available biomass, Fire Threat Treatment Area (FTTA) biomass, or 
other categories of biomass availability. Currently, biomass is gathered from forestlands and is fed 
to boilers as fuel. Rangeland (shrub) biomass is currently not used as a commercial fuel source, and 
is only available when generated as a by-product of forest improvement activities.  

Forestland biomass is classified the following way:  

-Logging slash: Slash comprises branches, tops, and other materials removed from trees during 
timber harvest. Slash excludes the tree stem or “bole,” defined as from a one-foot stump to a 
four inch diameter top. Because the volume of slash is directly proportional to logging activity, 
slash as an energy resource has declined considerably in the state over recent years. Slash left 
on the ground after harvest can be a substantial source of surface fuels, which can carry wildfire 
and contribute to climate change as carbon is released during the decay process.  

-Forest thinnings: Thinning refers to silvicultural treatments designed to reduce crowding and 
enhance overall forest health and fire resistance. Thinning of forest and shrub lands by 
mechanical means (other than by prescribed fire) is often emphasized when the intent is to 
reduce the threat of catastrophic wildfire near houses or other vulnerable assets and where air 
quality is a concern. Thinning may or may not produce merchantable saw logs (close to half of 
which may end up as mill waste). Thinnings are the non-merchantable components extracted 
during harvest activities and include understory brush, small diameter tree boles, and other 
material transported to the mill that cannot produce sawlogs. Harvesting brush and deadfall as 
well as limbs and tops requires a major modification of contemporary forest harvesting. For 
instance, current harvesting techniques involve skidding trees to the roadside where they are 
de-limbed and topped (Kumar et al., 2003). Brush and deadfall are currently left in place in 
forest. To utilize understory brush and deadfall will require harvesting operations to adopt 
innovative technologies.  

-Mill wastes: Mill wastes are a byproduct of the milling of sawlogs, which consists generally of 
softwood tree boles with a diameter at breast height (dbh) of about ten inches. Mill wastes 
include sawdust, planer shavings, trim ends, and wood from other mill operations. Not all such 
residues are available for electric power generation to the grid because these materials have 
long been used for steam and power generation at the mill site. The resource ebbs and flows 
with domestic logging activity, and imports and exports have a minor impact on availability as 
well. 

Forest residue from logging waste and thinning for fire hazard reduction present a much larger 
potential supply than just mill residues. However, in addition to the higher initial costs of 
transportation and processing associated with logging residue, it also has lower energy potential 
than mill residues due to higher water content. In either case, since commercial woody biomass 
resources originate in forests, timber harvests must inherently increase in order to expand technical 
availability (Abbas et al., 2011; Allen et al., 2002). 

Total annual gross potentially available biomass in California is estimated at 27 million BDT (CEC 
and CAL FIRE, 2005; Williams, 2008). Although harvesting the entire gross potential is not likely 
because of environmental constraints, inaccessible terrain and other considerations. Gross potential 
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availability is nonetheless included here to provide a starting point in which further discussion can 
be made possible. A map showing forest and chaparral areas from which gross potentials are 
realized is shown in Figure 4.11.9.  

 

Figure 4.11.9 Gross potential area 

Nearly half of what is potentially available as Gross becomes unavailable when environmental 
restrictions and other constraints are enforced (Figure 4.11.10). Specifically, when slope constraints, 
stream management zones, coastal protection zones, coastal sage scrub habitats, national parks, 
wilderness and other nature reserves are considered, the accessibility of available biomass declines 
significantly from approximately 26.8 million BDT/yr to 14.3 million BDT/yr (CEC and CAL FIRE, 2005; 
Williams, 2008) (Table 4.11.6).  
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Figure 4.11.10 Forest and shrublands technically available for biomass production 

 

Table 4.11.6 Current estimate for gross and technically available biomass  

Forest and Rangelands Gross Potentially Available BDT/yr Technically Available BDT/yr
Mill Residue 6.2 3.3

Forest Thinnings 7.7 4.1
Logging Slash 8.0 4.3

Chaparral 4.9 2.6
Totals 26.8 14.3  

 

Previously published estimates of biomass in the Fire Threat Treatment Area (FTTA) suggest 
biomass availability at 3.1 million BDT/yr for non-merchantable material types, where 1.6 million 
BDT/yr are in the Wildland Urban Interface (WUI) (CEC and CAL FIRE, 2005). Assumptions were 
made regarding the area needing treatment, size and type of material removed per acre and the 
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number of years over which treatments are completed. Specifically, the area needing treatments 
were classified (excluding reserves) into areas inside and outside the WUI that have high, very high 
or extreme fire threat (Figure 4.11.11). Annually, fire threat reduction treatments on State, local, 
and private owned lands both in and outside the WUI would yield an estimated a 2.2 million BDT/yr 
across all vegetation types on approximately 500,000 acres. Results of this analysis suggest 
approximately 3.1 million BDT/yr would result from the treatment of 14.1 million acres of eligible 
forest and rangelands (Table 4.11.7).   
 

 
Figure 4.11.11 Fire Threat Treatment Area (FTTA) 

 
  

Table 4.11.7  
Estimated Annual FTTA Availability in millions 
Ownership FTTA  Availablity BDT/yr

Private 2.3
Federal 0.78

State and Local 0.05
Totals 3.1  

 
Finally, harvest residue availability based on existing commercial timber harvests is estimated 

4.1 million BDT/yr (ibid). Harvest residue availability is a by-product of existing timber flows and 
silvicultural regimes, which were derived using a five-year average of timber harvest levels from 
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1999 through 2003 (ibid). The merchantable portion of the tree is used for higher-valued markets. 
Biomass is the residual portion of the tree that is too small for other markets and is otherwise piled 
and burned or left on the forest floor to contribute to nutrient cycling and soil development. Some 
evidence suggests a negative impact on soil nutrients and thereby future forest yields when harvest 
residues are utilized for biomass (White, 2010). State and Federal land management agencies have 
guidelines indicating how much biomass should be left on site for soil nutrients (Farr and Atkins, 
2010). A full understanding of nutrient cycling with respect to harvest residues is site dependent 
and beyond the scope of this section, although numerous studies have investigated how forests 
grow, respond to thinning’s, and are regenerated (Abbas et-al., 2011; Evans et al., 2010, Stewart et 
al., 2010). In any event, the State has a significant amount of harvest residue biomass available (4.1 
million BDT/yr) from current harvesting activities. As previous figures and tables suggest there is 
tremendous biomass available on forest and rangelands with the potential to lessen wildfire threat 
through reduced fuel loadings.  

Capacity, Status and Trends  

This section shows that biomass utilization from forests and rangelands in California has varied 
significantly in past 30 years (Figure 4.11.12). In addition, an estimate of electricity production 
capacity for potentially available gross, technically available, FTTA and harvest residues is included. 
To understand where the biomass industry is going it is helpful to first grasp where it has been.  

 
Figure 4.11.12 California fuels market by category (1980-2008) adopted from Morris, 2002 

 

California’s woody biomass supply presently has low market value when sold for energy wood 
chips. Throughout the 1980’s California experienced a decade of growth in wood bioenergy (Morris 
2000a). At its peak in the early 1990’s the State had anywhere from 66 to 100 operating biomass 
power plants (Commission C.E., 2011a; Larson, 1993). Those plants were largely a result of 
incentives created by the Public Utilities Regulatory Policies Act (PURPA) of 1978 that required 
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utilities to purchase electricity from cogenerators and other power producers at a price equal to the 
utilities’ avoided costs (Baral and Guha, 2004; U.S. Government Accountability Office, 2006; Larson, 
1993).2 Today, purchasing utilities have to pay for the cost of their own generating capacity. 
Currently, there are approximately 33 existing biomass facilities (California Department of Forestry 
and Fire Protection, 2010). Looking forward, technologies and government incentive programs are 
steadily changing the commercial market for wood bioenergy and the market is growing (Evans, 
2009; Kinoshita et al., 2009).  

Today, California uses an unprecedented amount of bioenergy for electricity, with 
approximately 1 GW of installed operating capacity for all biofuel types (California Executive, 2006). 
It is estimated that 500 MW, or nearly half of which comes from forestlands (Commission C.E., 
2011b). Currently, throughout California biomass energy provides 2.4 percent of all electricity used 
(Commission C.E., 2010c). Approximately half, or 1.2 percent, comes from forestlands. Estimates of 
the potential capacity for energy production from forest and rangelands vary by availability type 
and are shown in Table 4.11.8. Biomass energy from forest and rangelands will likely have to 
increase to achieve the State’s 2013 renewable energy target of 20 percent of retail sales from 
renewables. Almost all of this generation takes place at larger scale plants. Biomass plants in 
California range from 5 MW to 50 MW of electrical generation capacity (Woody Biomass Utilization 
Group, 2011). Annual fuel requirements vary from 10,000 to 750,000 tons per year for facilities 
using conventional steam turbine technology (Morris, 2000a). Moreover, energy generation from 
biomass will have to increase significantly to meet the 2020 target of 33 percent of retail sales from 
renewable energy technologies.  

 

Table 4.11.8  
Estimated Potential Capacity by Non-Merchantable  
Availability Type 
Biomass Availabilty Power Capacity Potential MWe

Gross 3628.0
Technical 1963.0

FTTA 547.0
Harvest Residue 700.0

Totals 6838.0  
 

If woody biomass is going to be a feasible tool to use in achieving the State’s Renewable Energy 
Portfolio Standard (RPS), there must be a biomass energy facility within reasonable proximity to 
available biomass sources (CAL FIRE, 2010). The infrastructure requirements for biomass are unique 
when compared with other renewables since it is not constrained to producing electricity at the 
location of the renewable energy resource (Kriegler, 2010). Biomass can be shipped and stored for a 
relatively long period. However, for biomass facilities to be cost-effective, transportation costs must 

                                            
2 In this context, avoided costs are the energy and facilities costs that would have been incurred by the purchasing utility 
if that utility had to provide an equivalent generating capacity. According to the Federal Energy Regulatory commission, 
while it provides general avoided cost regulations, states set rates that often are above market rates. 
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be minimized. Additionally shorter transportation distance produces fewer carbon emissions, which 
is the larger objective of the State’s RPS. Figure 4.11.13 shown below is a map of biomass facilities in 
California with a 25 mile buffer zone around each facility. The buffer zone provides a rough estimate 
of biomass availability that is commercially available at current costs (CAL FIRE, 2010). 

Existing infrastructure also factors into overall transportation distance. If mills do not use 
residues on site to fuel their boilers and power their internal facility, the dollar value of mill residue 
is generally not high enough to justify long haul distances (Becker, 2011). To utilize mill residues for 
public energy production, trucks have to haul milling residues away from sawmills. The task of 
utilizing mill residues is made more difficult when the mature timber industry frequently closes 
mills, due to the link with volatile national housing trends (Power, 1996; pp. 131-148; Power, 2001, 
chp. 3; Power, 2006). Those ensuing closures result in increased hauling distance to the mills that 
remain. Fluctuating market values for alternate uses of wood chips, such as pulp, particle board etc., 
also affect the price paid for biomass (Becker, 2009). This factor further underscores the necessity 
to keep transportation costs low by locating biomass energy facilities in close proximity to 
harvesting sites so that maximum cost-effectiveness results.  

  
Figure 4.11.13  Operational biomass facilities in California 
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Access to a consistently available biomass supply is commonly cited as the one of the largest 
constraints to the biomass energy industry (Becker et al, 2009b; Becker, 2011; Carriquiry, 2011). It is 
possible that if processing facilities were located in greater proximity to reliable sources of supply, 
forest biomass energy could begin to contribute to the State’s renewable energy goals in a greater 
capacity.     

To understand the implications of any given policy decision, land management practices or 
other factors that influences biomass utilization, it would be useful to analyze the precise volume 
and category of biomass currently being used in the fuel mixtures at bio-energy plants. Since that 
data is not yet clearly tracked, this offers future research opportunities to build a more thorough 
understanding of both availability and capacity. 

Currently, less than a quarter of areas with high fire threat are near biomass facilities (CAL FIRE, 
2010). The state has 15 million acres at very high fire risk, and 2.2 million acres at an extreme risk 
for wildfire (Zimny, 2004). Combined wildfire costs for local, State and Federal agencies across all 
land types in and outside the WUI annually average $900 million per year (California Energy 
Commission and Public Interest Energy Research, 2005). Estimates vary widely for fuel treatment 
costs per acre between $1000 and $1,800 dollars per acre (Klenner, 2009; Mason et al., 2006; 
Rummer, 2008). To treat the estimated 500,000 acres in the FTTA in and outside the WUI on 
private, local, federal and State lands would cost between $500 million and $900 million annually. 
This preliminary analysis suggests utilization of biomass in the FTTA provides a financial incentive, 
which corresponds to the avoided cost of future fire suppression. 

Increased human settlement in the WUI increases wildfire risk (Schoennagel et al., 2009; 
Stockman et al., 2010). Treating those areas by removing fuels changes fire behavior and reduces 
risk of catastrophic fire (Schoennagel et al., 2009). Roughly two thirds of the potential forest and 
rangeland biomass is located on private lands that could potentially be affected by the VTP 
program. California law requires that the remaining wood waste from those treatments be burned 
or otherwise destroyed, since leaving it behind creates a more flammable and dangerous forest 
(California Department of Forestry and Fire Protection (CAL FIRE), et al., 2011). Since VTP residuals 
are typically pile burned, those fires generate emissions without capturing energy benefits. If they 
were instead combusted in a clean and efficient industrial manner to generate electricity, less CO2 

may be produced. More importantly, public energy consumption of fossil fuels could be significantly 
reduced by the use of forest waste as an alternative energy resource. However, estimations of the 
carbon balance vary widely and the resultant findings are anything but clear (Gunn et al., 2011). 
More research to fully evaluate all carbon inputs and the full lifecycle emissions of this technology is 
needed to understand and accurately calculate the positive impacts of using biomass to limit 
climate change. Nonetheless, utilizing biomass for fire risk reduction and residential area protection 
projects, such as the FTTA, offers significant opportunities that could result in low or no net CO2 

emissions, while contributing to the State’s renewable energy goals.    
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4.12 Noise 

4.12.1 Introduction 
The purpose of the Noise section is to identify, describe, and evaluate noise sources and 

potential land use conflicts related to environmental noise. 

4.12.2 Background on Environmental Noise 
Noise is often described as sound traveling through the air, such as traffic from a nearby road. 

Sound is defined as any pressure variation in air that the ear can detect. If the pressure variations 
occur frequently enough, at least 20 times per second, they can be heard by the human ear and 
called “sound”. The number of pressure variations per second is called the frequency of sound, and 
is expressed as cycles per second, called Hertz (Hz). The relative loudness or intensity of sound 
energy is measured in decibels (dB). A decibel is a logarithmic unit of sound energy that represents 
the smallest variance in sound that the human ear can detect. 

The standard unit for measuring sound is the decibel (dB). Because the human ear is not equally 
sensitive to sound at all frequencies, a frequency-dependent rating scale has been devised to 
interpret noise levels relative to the sensitivity of human hearing. The A-weighted decibel scale 
accounts for this. Environmental noise is usually measured in A-weighted decibels (dBA) and 
typically fluctuates over time. An ‘A-weighted’ decibel (dBA) is a decibel corrected for the variation 
in frequency response of the typical human ear at commonly encountered noise levels. The 
following noise descriptors are commonly used to evaluate environmental noise: 

• Leq - The energy-equivalent noise level (Leq), is the average acoustic energy content of noise, 
measured during a specific time period.  

• Ldn – The day-night average noise level (Ldn), is a 24-hour average Leq with a 10 dBA penalty 
added to noise occurring during the hours of 10pm and 7am to account for the greater 
nocturnal noise sensitivity of people. 

• CNEL - the Community Noise Equivalent Level (CNEL), is also a 24-hour average Leq with no 
penalty added to noise during the day time hours between 7am and 7pm, a penalty of 5 dB 
added to evening noise occurring between 7pm and 10pm, an penalty of 10 dB added to 
nighttime noise occurring between 10pm and 7am. 

Noise levels from a source diminish as distance to the receptor increases. A rule of thumb for 
traffic noise is that for every doubling of distance from the road, the noise level is reduced by 3 to 
4.5 dBA. For a single source of noise (i.e. stationary equipment) the noise is reduced by 6dBA for 
each doubling of distance away from the source. Noise levels can also vary with the presence of 
structures that can reflect sound and either intensify or diminish the noise level. Community 
reaction to a change in noise levels varies, depending upon the magnitude of the change. In general, 
a difference of 3 dBA is a minimally perceptible change, while a 5 dBA difference is the typical 
threshold that would cause a change in community reaction. 
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In the urban setting, street and traffic noise can be considered background noise. But unless a 
rural home is on a highway, one might notice a car coming on a rural road for miles. Noises in the 
rural setting can seem amplified if there are no barriers to the source. But noise levels are reduced 
by increasing distance, air density, wind, and obstructions (trees, buildings, and natural landscape 
features). Table 4.12.1 provides a list of expected decibel levels for common noise sources. Note 
that a rural forest in the absence of trucks and heavy machinery would have a relatively low 
background environmental noise level (i.e. 30 dBA). 

Table 4.12.1  
Decibel Levels for Common Noise Sources 
Sound Pressure Level (dBA) Noise Source 

140 Jet Engine (at 25 meters) 
130 Jet Aircraft (at 100 meters) 
120 Rock and Roll Concert 
110 Pneumatic Chipper 
100 Jointer/Planer 

90 Chainsaw 
80 Heavy Truck Traffic 
70 Business Office 
60 Conversational Speech 
50 Library 
40 Bedroom 
30 Secluded Woods  
20 Whisper 

4.12.3 Regulatory Setting 
Federal and state laws have led to the establishment of noise guidelines for the protection of 

the population from adverse impacts from environmental noise. Many local noise goals are 
implemented as planning guidelines and by enforceable noise ordinances. 

Federal 

The Noise Control Act of 1972 directed the US EPA to develop noise guidelines that would 
protect the population from the adverse effects of environmental noise. These are guidelines and 
not construed as standards or regulations. In 1981, EPA concluded that noise pollution should be 
addressed at the local level and primary responsibility for regulating noise was transferred to State 
and local government. 

Occupational Safety and Health Act (OSHA) 

Under the Occupational Safety and Health Act of 1970 (29 USC § 651 et seq.), the Department 
of Labor, Occupational Safety and Health Administration (OSHA) has adopted regulations (29 CFR § 
1910.95) that establish maximum noise levels to which workers at a facility may be exposed. These 
OSHA noise regulations are designed to protect workers against the effects of noise exposure, and 
list permissible noise level exposure as a function of the amount of time during which the worker is 
exposed. 
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State 

State law (Gov. Code, 65300) requires that cities and counties prepare and adopt a General 
Plan. The California Code of Regulations (CCR), section 65302(f) establishes that a noise element is a 
required component of a General Plan. In addition, California Department of Health Services (1987) 
has developed noise guidelines for the noise elements in local General Plans. The state guidelines 
also recommend that local jurisdictions consider adopting local nuisance noise control ordinances.  

Cal-OSHA 

As a result of the passage of Cal-OSHA the California Occupational Safety and Health 
Administration (Cal-OSHA) has promulgated Occupational Noise Exposure Regulations (Cal. Code 
Regs., tit. 8, § 5095 et seq.) that set employee noise exposure limits. These standards are equivalent 
to the federal OSHA standards described above. 

4.12.4 Regional Setting and Existing Conditions 
The Vegetation Treatment Program (VTP) program is a statewide program and while it typically 

would be operating in rural forested and range settings, it also is likely to operate in WUI where 
communities are developing in areas with high fuel loads. These are predominately rural areas that 
can be characterized as generally quiet, but can frequently experience increased noise levels for a 
short duration that are associated with timber/forestry operations, ranching and related farm 
equipment, recreation activities, motor vehicles, and wildlife. Ambient (background) sources of 
natural noise range from short-term soft sounds, as in the sound of the wind in the trees (30-50db), 
to short-term loud cracks and rumbles, as in the sound of falling rocks (60-80db). Ambient noise can 
also be loud and constant, as in the deafening sound of a large waterfall (100db). Community noise 
or “ambient” noise includes background noise from traffic, machines, and people. Ambient forest 
and range noise comes from both natural and man-caused sources. Noise associated with VTP 
activities vary with treatment type. Some noise is short-term; some is constant, but any potential 
impacts should be of a limited duration. The following is a description of the various sources of man-
made ambient noise that could be associated with the VTP program: 

• Vehicle traffic (adjacent highways, access roads, and railroads) 

• Construction roads if needed to gain access to treatment sites 

• Equipment usage for VMT activities (machines, chain saws, chippers…) 

Vehicle Traffic Noise–Traffic noise is a function of the receptor’s distance from roads, which cannot 
be adequately assessed at the programmatic level. Rather, it requires consideration during project 
level review.  

Noise from Construction and Equipment Usage–Construction noise is similar to that of VTP 
equipment usages; essentially it is the sound of machinery at work. Machinery may include 
chainsaws, chippers, back-up beepers, yarding tooters, diesel motors, cable yarders, helicopters, 
and other power tools and engines. Table 4.12.2 provides an estimation of noise levels associated 
with timber harvesting equipment. Machine equipment used to conduct VTP projects could be 
expected to produce comparable levels of noise. 
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Table 4.12.2  
Active Timber Harvest Site Equipment And Activity Noise Level Measurements 

Equipment/ Activity Source Equivalent Continuous Noise 
Level (Leq)–Db1 

Heel Boom Loader Caterpillar 325 602 
Bull Dozer Caterpillar D8N 63 
Bull Dozer Caterpillar D7G 633 
Chainsaw Stihl 046 65 
Clearing Deck Debris & Stacking 
Logs 

Caterpillar 325 60 

Skidding & Stacking Logs Caterpillar 325, Caterpillar S8N w/ 
backup alarm 

65 

Shaking Heel Boom Grappler Caterpillar 325 70 
Skidding & Stacking Logs Caterpillar 325, Caterpillar D7G 64 
Skidding & Stacking Logs Caterpillar 325, Caterpillar D8N, 

Caterpillar D7G 
68 

Cutting Trees Stihl 046 68 
Tree Falling Tree 584 

1. Sight line noise measurements distance = 150 feet 
2. Idling 56 dB 
3. Idling 58 dB 
4. Sight line noise measurement distance = 250 feet 
Source: CAL FIRE, 2005b, JDSF Draft Environmental Impact Report 
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4.13 Visual Resources 

4.13.1 Introduction  
 This section discusses visual resources that could be affected by the proposed program. The 

visual resources analysis includes a discussion of viewsheds along highways that are designated or 
eligible for designation as scenic highways.  

4.13.2 Background 
Public and private lands contain many outstanding scenic landscapes. Visual resources in these 

landscapes consist of land, water, vegetation, wildlife, and other natural or manmade features 
visible on public lands. Vast areas of grassland, shrubland, canyonland and mountain ranges on 
public lands provide scenic views to recreationists, visitors, adjacent landowners, and those just 
passing through. Roads, rivers, and trails on public lands pass through a variety of characteristic 
landscapes where natural attractions can be seen and where cultural modifications exist. Activities 
occurring on these lands, such as recreation, mining, timber harvesting, grazing, or road 
development, for example, have the potential to disturb the surface of the landscape and impact 
scenic and recreational values.  

Key data sources for the visual resources and recreation analysis include information from the 
California Department of Parks and Recreation, CAL FIRE’s Chaparral Management Program Final EIR 
(CAL FIRE, 1981), Caltrans’ list of eligible and officially designated scenic highways (California 
Department of Transportation, 1986), and The California Scenic Highway Program (California 
Department of Transportation, 1995), and methods adapted from Federal Highway Administration 
(FHWA) guidelines for visual assessments (described below). 

Visual importance of landscape elements is described with respect to their position relative to 
the viewer. Foreground elements are those features nearest to the viewer, and background 
elements are features at a great distance from the viewer. The middle ground of a view is 
intermediate between the foreground and background. Generally, for this analysis, the closer a 
resource is to the viewer, the more dominant and important it is to the viewer.  Most of CAL FIRE’s 
vegetation projects are not discernible for long distances.  

4.13.3 Setting 
The proposed program for vegetation treatment will include projects that occur on private and 

state lands throughout California. It is assumed that visual impacts will be most noticeable from 
roads and trails. The duration of the impact to visual or aesthetic resources will vary with both the 
treatment type and with the vegetation being treated. For example, a prescribed burning of a grass 
field will recover much more quickly than a tree thinning or tree removal (Figure 4.13.1). 
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Figure 4.13.1 Example of the visual changes to an area following a Fuel Reduction project near Pollock Pines, 
California in 2003 

 

California’s extensive road system consists of nearly 18,000 miles of highways. Highways 
designated as scenic represent a much smaller fraction of the total highway system, but should be 
considered most sensitive to visual impacts. California has over 1,200 miles of State highways that 
are officially designated as scenic and approximately 5,000 miles of highways that are eligible for 
designation (California Department of Transportation, 2006). In addition, there are over 1500 miles 
of federal highways that are designated as scenic. The California Scenic Highway Program was 
created by the California State Legislature in 1963 to preserve and protect scenic highway corridors 
from changes that would diminish the aesthetic value of lands adjacent to them. The scenic highway 
designation is based on how much of the natural landscape can be seen by travelers, the scenic 
quality of the landscape, and the extent to which development intrudes on travelers’ enjoyment of 
the view (California Department of Transportation, 1986). Table 4.13.1a and 4.13.1b provide a 
summary of the combined, State and Federal, miles of scenic roads by Bioregion. In addition, an 
estimate of the viewshed area is provided. The viewshed represents the visible area surrounding a 
scenic road, as interpreted from a Digital Elevation Model (DEM) and ignoring the influence of trees, 
buildings, or other possible obstructions. The viewshed analysis also assumes a maximum viewing 
distance of 3 miles (Table 4.13.1a, b and Figure 4.13.1).  
 

Table 4.13.1a  
Highway Miles by Bioregion 
Name Interstate State U.S. Total 
Bay Area/Delta 462 1,535 188 2,185 
Central Coast 39 997 269 1,305 
Colorado Desert 298 679 93 1,070 
Klamath/North Coast 122 1,309 386 1,817 
Modoc  717 257 974 
Mojave 354 1,096 277 1,728 
Sacramento Valley 257 1,031 46 1,334 
San Joaquin Valley 248 2,107 0 2,355 
Sierra 120 2,189 361 2,670 
South Coast 797 1,639 94 2,531 
Total 2,698 13,299 1,972 17,969 
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Table 4.13.1b  
Miles of Scenic Road and the Associated Viewshed Area by Bioregion 
Name Road Miles Viewshed Area 
Bay Area/Delta                    264.78                   770,204  
Central Coast                    323.31                   784,672  
Colorado Desert                     43.03                   144,192  
Klamath/North Coast                    562.85                1,526,329  
Modoc                    168.97                   478,954  
Mojave                    182.79                   574,907  
Sacramento Valley                       6.79                     29,133  
San Joaquin Valley                     56.56                   126,823  
Sierra                 1,138.59                2,910,060  
South Coast                    375.19                   979,842  
Total                3,122.87                8,325,116  
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4.14 Recreation 

4.14.1 Introduction 
This section discusses recreational resources that could be affected by the proposed program. 

The recreation analysis focuses on recreational opportunities within state parks, public and private 
trails, and other recreational facilities. The VTP program has the potential to operate on state parks 
and has the potential to affect recreational use. Similar fuel reduction and other vegetation 
management projects are likely to occur on federally managed public lands that also support 
recreation.  

Outdoor recreation is an important attribute for all public forests and rangelands as well as 
some private forest and rangelands in California. In addition to the scenic value of these lands, 
various types of outdoor recreation on forests and rangelands are a significant component of the 
quality of life for many Californians and a major attraction for many out-of-state visitors. With over 
half of all land in California in public ownership and available for recreation, California has a wide 
array of opportunities.  

4.14.2 Extent of Area Available for Recreation 
The major suppliers of outdoor recreation on forests and rangelands in California include the 

USFS, the National Park Service (NPS), U.S. Bureau of Land Management (BLM), California State Park 
System, and local governments. Other minor public providers include the U.S. Bureau of 
Reclamation (BOR), U.S. Army Corps of Engineers (USACE), public utility companies, and various 
departments of the California Resources Agency. Local, county, and regional providers are another 
source for wildland outdoor recreation but the boundaries between wildland recreation and 
urbanized recreation become hard to define. With urban areas containing over 81 percent of the 
California’s population, these local areas are a dominant provider of recreation, especially open 
space aesthetics. Table 4.14.1 provides a summary of area available for wildland recreation by 
bioregion.  
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Table 4.14.1  
Public Land Available for Wildland Recreation (thousands acres) 
Bioregion Forest Woodland Grassland Shrub Desert Interior water 

bodies and 
wetlands 

Total 

Bay Area/Delta 107 62 89 122 (L) 69 524 
Central Coast 253 531 281 1,392   63 2,552 
Colorado Desert 4 74 56 195 4,006 217 4,569 
Modoc 1,620 547 59 2,155 61 15 4,807 
Mojave 31 475 62 347 14,455 89 15,880 
Klamath/North 
Coast 

5,522 97 74 982   39 6,858 

Sacramento 
Valley 

3 28 61 7   25 171 

San Joaquin 
Valley 

21 66 308 42 50 233 558 

Sierra 6,349 768 211 2,295   28 11,839 
South Coast 452 152 97 1,595   22 2,460 
Statewide 14,362 2,800 1,297 9,131 18,572 799 50,218 

4.14.3 Use of Recreational Areas 
Table 4.14.2 provides a summary of recreational use by land management category. In terms of 

visits, the State and regional parks account for approximately two-thirds of all outdoor recreation 
visits on public lands; however, these same parks only make up four percent of the total public land 
available for outdoor recreation. With the exception of the large Yosemite and Sequoia-Kings 
Canyon Parks in the Sierra, most visits to National Parks are only partial day visits and have similar 
use patterns to State and regional parks. The USFS, along with the two large National Parks in the 
Sierra, supply the largest land base for multi-day outdoor recreational activities. BLM has the 
second largest holding of lands open for recreation, the majority of which are in desert areas. BLM is 
also expanding the range of recreational opportunities available on its holdings along rivers and 
coastlines. In terms of where outdoor wildland recreational activities occur, 50 percent of all visits 
and 40 percent of all hours of use occur on 13 percent of public land adjacent to major metropolitan 
areas.  
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Table 4.14.2  
Visits*, Recreational Visitor Days**, and Area by Public Outdoor Recreation Provider 

Major providers Million 
acres 

Million  
visits 

Estimated 
RVD per visit 

Million  
RVDs 

NPS – rest of state 7.1 20 0.6 12 
National Park Service - GGNRA 0.1 14 0.4 5.6 
U.S Bureau of Land Management 15 8 1.5 12 
U.S. Forest Service - rural national forests 15 21 4.4 92.4 
U.S. Forest Service - metro national forests 5 7 1.2 44.4 
California Department of Fish and Game 1 1.2 1 1.2 
U.S. Fish and Wildlife Service- National Wildlife Refuge 0.4 1 1 1 
California State Parks 1.1 39.8 0.75 29.9 
California State Parks - Southern California beaches V/LA/O/SD 0.05 17.8 0.4 7.1 
California State Parks - other beaches 0.1 7.8 0.4 3.1 
East Bay Regional Park District 0.1 14 0.4 5.6 

* ”Visits” refers to a single trip by a person regardless of length of stay. 

** “Recreational Visitor Day” (RVD) is a visit by one person for a 12-hour length of stay  
BLM – U.S. Bureau of Land Management; DFG – California Department of Fish and Game; NPS – National 
Park Service; NWR – National Wildlife Refuge; RVD – recreation visitor day; USFS – U.S. Forest Service 

Source: Compiled by FRAP from NPS, 2010; USFS, 2010; DFG, 2010; California Department of Parks and Recreation, 2010 

 

The forest and rangeland bioregions account for 52 percent of California’s total developed 
campgrounds inventory. Among forest and rangeland bioregions, the Klamath/North Coast is the 
most heavily privatized region with private campgrounds comprising 75 percent of the total 
developed campground inventory. The Sierra, Modoc, and Central Coast have the highest ratios of 
public developed campsites of the bioregions within California. The Sierra bioregion led all 
bioregions with 30,500 developed campsites. The North Coast bioregion followed with 17,196 
developed campsites (Dean Runyan Associates, 2000b). 

In reviewing Table 4.14.3, the importance of private campground providers is apparent. Private 
campgrounds account for 63 percent of all developed campsites in California and nearly 55 percent 
of all developed campsites found in the major forest and rangeland bioregions (Dean Runyan 
Associates, 2000b). 

 



Recreation 
 

 

California Department of Forestry and Fire Protection 4.14-4 
Vegetation Treatment Program 
Draft Environmental Impact Report 
 

Table 4.14.3  
Percent of  Ownership of Campgrounds, By Bioregion  2001-2009 
Bioregion Private City-County State Parks BLM COE RCLM USFS NPS Utilities Total 
Bay /Delta 71 9 20             100 
Central Coast 49 10 24   7   9 1   100 
Klamath/Nort

  
75 4 14 < 1 2   4 1 < 1 100 

Modoc 55   5 1     32 4 3 100 
Sierra 42 5 6 1 4 1 32 9 1 100 
   Statewide 63 6 10 1 2 < 1 13 4 < 1 100 

COE – Army Corps of Engineers; BLM – U.S. Bureau of Land Management; NPS – National Park Service; USFS –  
U.S. Forest Service; BOR-Bureau of Reclamation 
Notes: Inventory refers to developed campsites only. However, services provided at developed campsites vary. 
Regions were allocated into California Department of Forestry and Fire Protection bioregions and are as follows: 
Bay/Delta includes San Francisco Bay Area region, North Coast includes Klamath/North Coast region, Modoc 
includes Shasta-Cascade region, and Sierra includes Gold Country and High Sierra regions. 
 

The proximity of the recreational area to major cities is another factor that can greatly affect 
usage. Table 4.14.4 shows the dramatic difference in recreation use when wildland parks are 
located near a major urban center. Annual visitors per acre to Muir Woods are nearly ten times 
greater than the visit intensity at Armstrong Redwoods State Park which is only 80 miles from the 
San Francisco Bay Area. With the San Francisco Bay Area only 20 miles away, Muir Woods has the 
largest annual visitation of 1.3 million visitors and the smallest amount of acres for redwood parks 
located near the San Francisco Bay Area. 

Table 4.14.4  
Use per Acre for Selected Redwood Parks 

Selected Redwood Parks Acres Annual visitors 
2009/10 

Annual visitors 
per acre 

Miles from San Francisco Bay 
Area 

Muir Woods 549 1,311,000 2,388.0 20 
Armstrong Redwoods 752 668,568 889.1 80 
Samuel P. Taylor  2707 129,967 48.0 40 
Henry Cowell Redwoods 4,376 292,000 66.7 50 
Big Basin 17,478 907,000 51.9 40 
Jedediah Smith Redwoods 10,165 177,000 17.4 400 
Del Norte Coast Redwoods 6,325 43330 6.9 380 
Humboldt 53,672 399260 7.4 210 
Redwood National Park 80,665 418,820 5.2 340 

Source: Compiled by FRAP from California Department of Parks and Recreation, 2010; NPS, 2010 

4.14.4 Description of Recreation Provided by Land Ownership 
The following section describes the extent of land available for recreation on state, federal, 

local government, and private lands. Additional information on visitation and usage is provided as 
well. 
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California Department of Parks and Recreation 

The State Park system encompasses over 1.4 million acres of land and consists of 277 parks and 
recreational areas. Of primary concern are the State Parks located in natural and wild land 
geographic settings associated with forest and rangeland ecosystems. Just over half (139) of the 
parks can be considered to have wildland settings with forest and rangeland vegetation. The 
number of forest and rangeland parks and associated facilities has remained relatively stable over 
the last ten years. Table 4.14.5 identifies representative state parks, located within each geographic 
region that could be included in the proposed program.  

Table 4.14.5 
 Representative State Parks in Geographic Regions Included in the Proposed Program 
 

State Park 
 

Size 
(acres) 

 
Activities 

 
North Coast  

 
 

 
 

 
Humboldt Redwoods State 
Park 

 
51,000 

 
Hiking, horseback riding, camping, and picnicking 

 
Big Basin Redwoods State 
Park 

 
18,200 

 
Hiking, camping, and picnicking 

 
Annadel State Park 

 
4,920 

 
Hiking, horseback riding, mountain biking, and picnicking 

Central Coast  
 

 
 

Henry Coe State Park  
79,500 

 
Hiking, backpacking, camping, picnicking, horseback riding, and fishing 

Mt. Diablo State Park  
17,000 

 
Hiking, horseback riding, camping, and picnicking 

Shasta/Sierra  
 

 
 

Calaveras Big Trees State 
Park 

 
6,500 

 
Camping, hiking, and picnicking 

Yuba River Project  
7,500 

 
Hiking, picnicking, gold panning, and kayaking 

D. L. Bliss  
1,596 

 
Camping, hiking, and picnicking 

Auburn State Recreation 
Area 

 
42,000 

 
River rafting, kayaking, hiking, mountain biking, horseback riding, and off-
road vehicle activities 

South Coast  
  

Cuyamaca Rancho State 
Park 

 
24,600 

 
Camping, hiking, horseback riding, and picnicking 

 
Table 4.14.6 summarizes wildland park use within the California Department of Parks and 

Recreation (DPR) system. Wildland parks (those selected by FRAP to be located within forests and 
rangelands) use was estimated at just over 89 million visits in 2009. Visits to State Parks remained 
stable between 2001 and 2009.  
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Table 4.14.6  
Visits* on Selected California Department of Parks and Recreation Parks Considered to be Forests and 
Rangelands by Bioregion and Statewide, 2001-2009 (thousand visits) 

Bioregion 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Bay Area/Delta 
5,468 4,694 4,283 3,496 3,587 3,641 3,753 3,182 2,829 

Central Coast 
2,236 2,519 2,286 2,254 2,444 2,598 2,439 2,749 1,796 

Klamath/North Coast 
4,119 374 3,115 2,604 2,498 2,659 2,819 2,869 2,144 

Modoc 
243 204 190 168 173 186 182 175 164 

Mojave 
8 8 9 7 8 6 5 3 8 

Sierra 
1,580 1,594 1,471 1,369 92 116 918 103 908 

South Coast 
2,246 2,082 1,632 2,091 1,989 2,039 1,265 1,469 1,148 

   Statewide 15,900 
 

11,475 12,986 11,989 10,791 11,245 11,381 10,550 8,997 

* ”Visits” refers to a single trip by a person regardless of length of stay. 
Source: Compiled by FRAP California Department of Parks and Recreation, 2010 

California Department of Fish and Game  
The California Department of Fish and Game (DFG) manages over 1 million acres of recreational 

land, of which land with forest and rangeland settings approximates 600,000 acres and includes 
bighorn sheep habitat, deer habitat, grassland/upland habitats, special habitats, and threatened and 
endangered species habitats. 

California Department of Forestry and Fire Protection 
The California Department of Forestry and Fire Protection (CAL FIRE) manages eight State 

Forests covering over 71,000 acres. CAL FIRE recreation facilities include over 190 campsites, 58 
picnic sites, and two visitor centers. Most utilization of State Forests is categorized as day use; 
however, nearly all State Forests provide facilities for overnight camping. CAL FIRE expects acquire 
additional land increasing the number of acres of State Forests.  

California State Lands Commission 

The California State Lands Commission (CSLC) manages and protects important natural and 
cultural resources on certain public lands within the state and the public’s rights to access these 
lands. The public lands under the Commission’s jurisdiction are of two distinct types—sovereign and 
school lands. Sovereign lands encompass approximately 4 million acres. These lands include the 
beds of California’s naturally navigable rivers, lakes and streams, as well as the state’s tide and 
submerged lands along the state’s more than 1,100 miles of coastline, extending from the shoreline 
out to three miles offshore. School lands are what remain of the nearly 5.5 million acres throughout 
the state originally granted to California by the Congress in 1853 to benefit public education. The 
state retains surface and mineral ownership of approximately 468,600 acres of these school lands 
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and retains the mineral rights to an additional 790,000 acres. Today, revenues generated from 
school lands benefit California’s retired teachers. 

Conservancies 
The main goals of California conservancies are to protect, preserve, and enhance natural 

habitat corridors while providing public access and unique recreational opportunities to everyone. 
Conservancies provide recreational opportunities in the form of nature trails, wildlife viewing, and 
outdoor education. Conservancies are unique in that they provide recreation in biologically diverse 
areas where maintaining ecological integrity of the area is the most important component for 
management. The State funds several conservancy programs that acquire land and easements for 
recreation and habitat protection purposes. The major conservancies related to forest and 
rangeland recreation include Baldwin Hills Conservancy (1,200 acres), California Tahoe Conservancy 
(148,000 acres), Coachella Valley Mountains Conservancy (1.25 million acres), San Gabriel & Lower 
Los Angeles Rivers & Mountains Conservancy (569,000 acres), San Joaquin River Conservancy (5,900 
acres), Santa Monica Mountains Conservancy (17,000 acres) and the State Coastal Conservancy 
(100,000 acres). The San Diego River Conservancy was established in 2002 and has begun major 
restoration projects along the San Diego River.  

The large acreages refer to the overall area within which the conservancies conduct acquisitions 
and projects rather than lands owned by the conservancies. Conservancy acreage has been growing 
since the emergence of the concept in the early 1990s. Recent initiatives will provide considerable 
additional funding for expanded acquisition and management by conservancies. 

City, county, and regional parks and open space districts 
Local parks in California, including city parks, were estimated to cover nearly 600,000 acres in 

the late 1980s. Local parks with wildland settings and forest and rangeland vegetation are only a 
part of the total 600,000 acres of local parks listed. A portion of these lands, especially city parks, 
are developed settings with irrigated grass and other developed facilities. Wildland local parks are 
predominately found in the Bay/Delta, Central Coast, and South Coast bioregions and are 
particularly prevalent in areas adjacent to the San Francisco Bay Area, Los Angeles, Orange, and San 
Diego County urban areas. Local park acreage is considerably less extensive in the more rural 
regions of the State that already have large areas of federal land. The total area of local parks with 
forest and rangeland settings has not been identified because complete information from all likely 
providers is not yet summarized. 

Private Land 
Some private recreation land could be affected by the program. Considerable outdoor 

recreation occurs on privately owned forests and rangelands. Recent surveys suggests that around 
half of all owners of non-industrial forest and rangeland properties in the Pacific Coast states 
(California, Oregon and Washington) allow their land to be used for recreation by their extended 
family and friends (Teasely et al., 1999). With only 11 percent of private land open to use by 
anyone, private lands are not a replacement for public lands available for recreation by the general 
public. With over four million acres of non-industrial forest land and an even larger area in small to 
medium rangeland parcels in California, private lands still represent a significant portion of the area 
available for outdoor recreation, especially in areas with limited public land and where potential 

http://www.bhc.ca.gov/
http://www.tahoecons.ca.gov/
http://www.cvmc.ca.gov/
http://www.rmc.ca.gov/
http://www.rmc.ca.gov/
http://www.sjriverconservancy.com/
http://ceres.ca.gov/smmc/
http://www.coastalconservancy.ca.gov/
http://www.ca.gov/state/govsite/gov_htmldisplay.jsp?BV_EngineID=dadcgekdefikbemgcfkmchcog.0&sTitle=Press+Release++++-+2002%2f09%2f13&iOID=36208&sCatTitle=Press+Release&sFilePath=/govsite/press_release/2002_09/20020913_L02116_AB_2156.html
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users live in the same communities as the landowners.  

U.S. Forest Service 
The USFS manages 20 national forests covering over 20 million acres within California. This 

includes 51 wilderness areas (4.2 million acres), 2,467 lakes and reservoirs, over 13,000 miles of 
rivers, and 13,400 miles of maintained trails. Developed facilities include 105 marinas, 32 swimming 
sites, 819 campgrounds, 213 picnic areas, 6,500 recreation areas, 33 ski areas, 65 interpretive sites, 
and 514 organized camps. These areas span a vast array of recreational opportunities. Table 4.14.7 
provides a summary of the most common types of recreation. 

Table 4.14.7  
Major Recreational Activities on National Forests in California 

Activity Percent of visitors 
(metropolitan national 

forests) 

Percent of visitors 
(Non-metropolitan 

national forests) 

Percent of all visitors  

Backpacking  1.7 1.7 1.7 
Bicycling  5.2 4.3 4.5 
Cross-country Skiing  0.7 4.4 3.5 
Developed Camping  5.6 9.3 8.4 
Downhill Skiing  19.8 32.2 29.1 
Driving for Pleasure  15.1 18.9 18.0 
Fishing  6.0 11.3 10.0 
Gathering Forest Products  1.8 2.5 2.3 
Horseback Riding  0.5 .8 0.7 
Hunting  0.8 2.8 2.3 
Motorized Trail Activity  4.5 3.1 3.5 
Motorized Water Activities  2.7 6.3 5.4 
Nature Center Activities  6.8 5.2 5.6 
Nature Study  9.0 6.2 6.9 
Non-motorized Water  1.0 3.3 2.7 
OHV Use  5.9 3.5 4.1 
Other Motorized Activity  0.2 11.4 8.6 
Other Non-motorized  4.8 11.4 9.8 
Picnicking  11.4 10.8 11.0 
Primitive Camping  0.9 2.1 1.8 
Relaxing  34.6 38.9 37.8 
Resort Use  0.6 3.3 2.6 
Some Other Activity  9.4 3.9 5.3 
Viewing Natural Features  36.7 48.5 45.6 
Viewing Wildlife  32.3 34.6 34.0 
Visiting Historic Sites  7.7 6.6 6.9 
Backpacking  1.7 1.7 1.7 
Bicycling  5.2 1.8 2.7 
Cross-country Skiing  0.7  0.2 

National Park Service  
The National Park Service (NPS) includes 23 parks, monuments, recreation areas, and seashores 

covering over seven million acres. The NPS has parks in all regions of California and collects some of 
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the most consistent statistics on number and length of visits. In addition to the large national parks 
in the Sierra Nevada and the desert, the NPS maintains a number of parks in or adjacent to large 
urban areas. The Golden Gate National Recreation Area in and around San Francisco is the most 
visited national park site. Yosemite National Park is one of the most internationally renowned parks 
of the National Park Service.  

U.S. Bureau of Land Management  
In the fast-growing west, the demand for outdoor recreational opportunities has soared. This is 

reflected in the seven percent increase in the estimated recreational visits to U.S. Bureau of Land 
Management (BLM) lands, which rose from approximately 50 million visits in 1998 to 54 million 
visits in fiscal year 2000. As western cities and towns grow closer to formerly remote BLM lands, 
more domestic visitors and international travelers are turning to these lands as their outdoor 
recreational playground and as a sanctuary for rest and solitude. 

On the 15.2 million acres of BLM lands, nearly all lands are classified as forest, range, or desert. 
While the BLM has land in nearly every county in California, the geographic concentrations of land 
are found in the desert and northeast areas. BLM operates 87 developed recreation sites with 2,256 
campsites, 160 picnic sites, and two boat ramps. Lands administered by the BLM are a major source 
of off-highway motor vehicle recreation. Additionally, BLM has large recreation holdings in the 
California desert (DPR, 1994). 

U.S. Bureau of Reclamation  
The U.S. Bureau of Reclamation (BOR) operates multi-purpose water supply projects, which 

develops recreation, fish, and wildlife enhancements at project sites. BOR supplies over 340,000 
acres of land and water for recreation purposes. Of the 55 project sites, BOR has identified 31 that 
have forest and rangeland wildland conditions. Of these 31 sites, only three (New Melones Lake, 
Lake Berryessa, and Folsom South Canal Trail) are actually administered by BOR. All other BOR sites 
are actually administered by other agencies. 

U.S. Fish and Wildlife Service  
The U.S. Fish and Wildlife Service manages an extensive national wildlife refuge (NWR) system 

across the United States. Within California there are almost 40 wildlife refuges alone that cover over 
300,000 acres (Table 4.14.8). Refuges vary in size from less than 10 acres for the Farallon Islands 
NWR to over 40,000 acres for the Tule Lake NWR in northeast California. Many of the National 
Wildlife Refuges are strategically located along major bird migration corridors and provide 
necessary resting and protective habitat during their migration. In addition, many refuges provide 
habitat for threatened and endangered species.  
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Table 4.14.8  
Acres of National Wildlife Refuges by Bioregion 
Bioregion National Wildlife Area Acres 
Bay Area/Delta Antioch Dunes NWR 53 
 Don Edwards San Francisco Bay NWR 24,069 
 Ellicott Slough NWR 159 
 Farallon NWR 8 
 Marin Islands NWR 123 
 San Joaquin NWR 35 
 San Pablo Bay NWR 2,028 
 Stone Lakes NWR 1,208 
Total Acres  27,684 
Central Coast Bitter Creek NWR 13,089 
 Guadalupe-Nipomo Dunes NWR 2,495 
 Hopper Mountain NWR 1,872 
 Salinas River NWR 365 
Total Acres  17,821 
Colorado Desert Coachella Valley NWR 3,597 
 Sonny Bono Salton Sea NWR 31,790 
Total Acres  35,387 
North Coast/Klamath Castle Rock NWR 14 
 Humboldt Bay NWR 2,040 
 Lower Klamath NWR 2,424 
Total Acres  4,477 
Modoc Clear Lake NWR 13,200 
 Lower Klamath NWR 44,066 
 Modoc NWR 7,028 
 Tule Lake NWR 37,609 
Total Acres  101,903 
Sacramento Valley Butte Sink NWR 717 
 Colusa NWR 4,081 
 Delevan NWR 5,796 
 North Central Valley 2,317 
 Sacramento NWR 10,917 
 Sacramento River NWR 9,316 
 Sutter NWR 2,713 
Total Acres  35,858 
San Joaquin Valley Bitter Creek NWR 14,721 
 Grasslands WMA 12,704 
 Kern NWR 10,616 
 Merced NWR 4,206 
 Pixley NWR 6,396 
 San Joaquin NWR 6,700 
 San Luis NWR 17,637 
Total Acres  72,979 
Sierra Blue Ridge NWR 887 
Total Acres  887 
South Coast Hopper Mountain NWR 2,363 
 San Diego Bay NWR 472 
 San Diego NWR 7,714 
 Tijuana Slough NWR 470 
Total Acres  11,019 
Statewide Total  308,016 
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4.15 Geologic Hazards and Soils 

4.15.1 Introduction 
The land surfaces upon which vegetation grows typically reflect from thousands to millions of 

years of complex geomorphic processes, including uplifting, faulting, weathering, deposition, mass 
wasting, and erosion. The following sections describe types of hazards and characteristics of soils 
potentially affected by treatments implemented under the proposed program.  

4.15.2 Geology 
As a result of tectonic and volcanic activity the geology of California is quite complex and gives 

rise to a great diversity of landforms. The state can be divided into 11 geomorphic provinces, which 
refer to areas that have a similar landscape, representing different types of rocks (Table 4.15.1). 
Most Bioregions for the state cross one or more of the geologic provinces. 

4.15.3 Landslide Hazards 
Landslides consist of the downslope movement of soil and rock under the influence of gravity. 

The geologic and topographic features of the landscape are the primary determinants of the shear 
strength of the hillslope materials (i.e., resistance to landslides) and hillslope shear stress (i.e., 
propensity for landsliding). Landslides occur when the shear stress exceeds the shear strength of the 
materials forming the slope (Gray and Leiser, 1982). Climate and vegetative cover also affect 
landslide hazard because of their influence on soil root support and moisture. 

Factors contributing to high shear stress on hillslopes include: 
• steep slope 
• high mass loading (e.g., through high soil moisture levels or placement of fill material) 
• slope undercutting (e.g., through erosion or excavation) 
• soils that vary in volume (shrink and swell) in relation to moisture content 

Factors contributing to low shear strength of hillslope materials include: 
• bedding planes that dip in the same direction as the slope at the same or a lesser degree of 

steepness 
• high water pressure in soil pores (e.g., saturated soil underlain by a restrictive layer) 
• presence of faults or joints 
• weak materials (e.g., soft soils or rock, unconsolidated materials, fine grain size) (Gray and 

Leiser, 1982) 

The leading indicator of high landslide potential is evidence of previous landsliding (Gray and 
Leiser, 1982). Features indicating the presence of landslides or high landslide potential are 
described in Table 4.15.8. 
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Table 4.15.1  
Geologic Provinces of California (modified from CGS, 2002) 
Geologic Provinces Bioregions Description of Geologic Provinces 

Colorado Desert Colorado 
Desert 

A low lying desert basin; 245 feet below sea level at its 
lowest point. Characterized by silt deposits of extinct Lake 
Cahuilla. 

Cascade 
Range/Modoc 
Plateau 

Modoc Characterized by young volcanic rocks. Mount Lassen 
represents the southern extent of the Cascade Range that 
extends north through Oregon and Washington. The 
Modoc Plateau consists of lava flows, tuff beds and small 
volcanic cones. 

Sierra Nevada Sierra Nevada The Sierra is a granitic batholith nearly 400 miles long. The 
massive granites of the Sierra extend up to 14,500 feet in 
elevation at the top of Mt. Whitney and deposit sediments 
into the Great Valley. 

Great Valley Sacramento 
Valley, San 
Joaquin Valley 

A narrow valley extending 400 miles long and about 50 
miles wide. Sediment deposits are immense with 
accumulation of sediment from hydraulic mining. Most of 
the valley resides at sea level. 

Klamath Mountains Klamath/North 
Coast 

The province is considered to be a northern extension of 
the Sierra, but has more complex geology. The Trinity Alps, 
Marble Mountains, Salmon Mountains and Siskiyou 
Mountains are the major ranges.  

Transverse Ranges Central Coast, 
South Coast 

A series of steep mountain ranges and valleys that trend 
east-west. Comprised of Cenozoic sedimentary rocks that 
have folded and faulted due to compression forces of the 
San Andreas fault. 

Basin and Range Mojave Located on the eastside of the Sierra they represent the 
westernmost limit of a province that extends east to the 
Wasatch Range in Utah.  

Peninsular Ranges South Coast The ranges in this province include the San Jacinto, the 
Santa Ana, Santa Rosa, and Laguna mountains. Represents 
the northern extent of a range that extends south into 
Baja. The geology is similar to the Sierra with granitic rock 
intruding the older metamorphic rocks. 

Coast Ranges Klamath/North 
Coast, Central 
Coast, Bay 
Area/Delta 

A series of northwest trending mountain ranges that 
parallel and are influenced by the San Andreas fault. The 
Coast Ranges are composed of thick Mesozoic and 
Cenozoic sedimentary strata. 

Mojave Desert Mojave The Mojave is a broad interior region of isolated mountain 
ranges separated by expanses of desert plains. It has 
interior enclosed drainage and many playas. Bounded by 
the Garlock fault to the NW and the San Andreas fault to 
the SW. 
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Landslides can be classified as active or dormant, based on how recently they have moved. 
Active landslides typically display cracks or sharp, bare scarps. Vegetation is usually more sparse on 
active landslides than on adjacent stable ground; if trees are present, they are usually “jackstrawed” 
(i.e., leaning), indicating that ground movement has occurred since they became established. 
Dormant landslide features have typically been modified by weathering, erosion, and vegetative 
growth and succession.  

Active landslides are generally more unstable than dormant landslides and may require 
mitigation measures to avoid mobilization. Excavation, the use of heavy equipment, soil saturation, 
or the removal of root support can mobilize active landslides. Although dormant landslides are less 
likely to be mobilized by human activities, portions of dormant landslides (e.g., their steep 
headwalls and margins) are often unstable. 

Several types of landslides and associated landforms can be associated with vegetation 
management in California and are described below. These landforms have distinct hazard indicators 
and require special management practices to reduce the hazard.  

Translational and Rotational Landslides 
Translational and rotational landslides are moderate or slow, relatively deep-seated 

movements of typically cohesive rock masses. These movements commonly occur along bedrock 
bedding planes that dip parallel to the surface, as may be observed at rock outcroppings. 
Translational slides consist of downward displacements of material parallel to the ground surface; 
they commonly occur along bedding planes, faults, and contacts between bedrock and overlying 
deposits. Rotational slides (or “slumps”) occur along a well-defined curved surface and are likely to 
occur in incompetent, clayey bedrock material under saturated soil conditions. Most translational 
and rotational slides feature a nearly vertical scarp near their head or sides. Slide deposits are 
typically hummocky. The presence of sag ponds or wet-site vegetation may indicate the impaired 
drainage that is characteristic of slide deposits.  

Earth Flows   
Earth flows consist of the slow movement of saturated soil and debris, often following a slump. 

They are composed of clay-rich materials that swell when wet, thus reducing intergrannular friction 
and shear strength. They usually occur in areas where low soil permeability restricts groundwater 
movement. They often feature hummocky, highly erodible surfaces. 

Debris Slides 
Debris slides refer to the movement of unconsolidated material along a shallow, flat failure 

plane. They usually occur on slopes exceeding 65% where shallow bedrock forms an impervious 
layer that concentrates water near the surface. Debris slides often occur during intense storms in 
response to excessive pore water pressure within the saturated surface layer. As with other 
landslides, the presence of bedding planes aligned parallel to the slope is an indicator of high debris 
slide hazard. 

Debris Flows 
Debris flows are often initiated by the discharge of material into a stream channel from debris 

slides on adjacent hillslopes or by failure of fill materials at stream crossings caused by high flows. 
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Debris flows most commonly occur in the South Coast bioregion, but can also occur in the Central 
and North Coast bioregions. In southern California, debris flows frequently follow wildland fires in 
response to even small storms (Wells, 1987). High debris-flow hazards are characterized by steep 
channel gradient, unstable adjacent hillslopes, and unstable sediment stored in stream channels. 
The USGS has developed detailed maps for most of Southern California that identify areas that are 
prone to debris flows when triggered by intense rainfall events (USGS Open File Report 03-17; 
http://geopubs.wr.usgs.gov/open-file/of03-17/ ).  

Inner Gorges 
Inner gorges are oversteepened stream banks extending from the stream channel to the first 

break in the slope above the channel. The slope generally exceeds 65% and is formed by debris 
sliding and erosion caused primarily by the downcutting of the stream channel and undercutting of 
landslide toes by stream erosion (California Department of Conservation, 1997). 

 Debris Slide Amphitheaters/Slopes 
Debris slide amphitheaters and slopes are characterized by steep slopes that have been 

sculpted by many debris slides. Although areas within these landforms are typically well-vegetated, 
they usually also feature debris slide scars, incised depressions, areas of active debris sliding, and 
exposed bedrock. 

4.15.4 California Paleontology  
Time is divided by geologists into eras (Precambrian to Cenozoic) and periods (Cambrian to 

Quaternary). There is a further division into epochs, such as the Pleistocene epoch of the early 
Quaternary period. The Quaternary period, including the present, is the most recent, and Holocene 
(late Quaternary) are used here. These units are quite uneven in elapsed time, the older intervals 
generally being of much longer duration. Rocks in the California are as old as the Precambrian era 
(Figure 14.15.1). Rocks may contain fossilized remains of marine and terrestrial life of ages past. The 
following information on paleontology in California is presented from the Paleontology Portal 
website from the University of California Museum of Paleontology (http://www.paleoportal.org/ 
index.php?globalnav=time_space&sectionnav=state&name= California). 

Cenozoic  
Quaternary - Most Quaternary sediments are gravels laid down by large river systems 

throughout the state. Both of these types of deposits contain well-preserved vertebrate and plant 
fossils, similar to the flora and fauna we see today. Glaciers developed in the Sierra Nevada during 
colder climate intervals, and large lakes formed in the Great Valley, Owens Valley, and the Salton 
Sea. The floras from lower elevations indicate a more moderate, Mediterranean climate that was 
warmer to the south. Marine terrace deposits can be found along the coast, mainly in Southern 
California. 

Tertiary - Because much of western California was underwater during the Tertiary, marine 
deposits occur throughout the state. Marine sandstones and shales were alternately deposited and 
then eroded as sea levels changed. These marine rocks contain a diverse fauna of corals, bivalves, 
gastropods, scaphopods (tusk shells), echinoderms, and foraminifera (single-celled protists with 

http://geopubs.wr.usgs.gov/open-file/of03-17/
http://www.paleoportal.org/index.php?globalnav=time_space&sectionnav=state&name=California
http://www.paleoportal.org/index.php?globalnav=time_space&sectionnav=state&name=California
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shells). Although deposits from river channels, floodplains, and deltas can be found in northern 
counties, terrestrial sediments are more common in the south. The floras of these deposits indicate 
that the climate became less tropical and more temperate throughout most of the Tertiary. 
Increased tectonic activity in the Late Tertiary uplifted the Coast and Transverse Ranges, eliminated 
the inland sea that had filled the Central Valley, and generated widespread volcanism. California’s 
grasslands were filled with herbivores and carnivores. 

Mesozoic 
Cretaceous - Subduction of the Farallon Plate continued beneath the western margin of the 

North American Plate. The ancestral Sierra Nevada rose and was eroded, and the Coast Ranges 
began to rise. The eroded sediments from the ancestral Sierra Nevada (sand, gravel, and volcanic 
material) were deposited east of the rising Coast Ranges. These sediments became the rock layers 
of the Central Valley (i.e., the Great Valley Sequence) and record the position of the Cretaceous 
shoreline in California. Exposed throughout the Central Valley, the marine rocks have yielded 
abundant fossil remains of ammonites, marine reptiles, bivalves, and even plants. 

Jurassic - Beginning in the Jurassic, subduction of the Farallon Plate under the western edge of 
the North American Plate generated widespread volcanism, began creating the ancestral Sierra 
Nevada, and added exotic terranes composed of oceanic sediments and crust to the continent. 
Ammonites, marine reptiles, bivalves, and echinoderms were common in coastal waters and their 
fossils are now found in the Jurassic shales, sandstones, and limestones of Stanislaus, San Joaquin, 
and San Luis Obispo Counties. Terrestrial sediments contain a record of gymnosperms (seed-bearing 
plants) such as ginkgoes, cycads, and conifers from a warm, moderately wet climate. This map 
indicates additional exposures in the northern part of the state. 

Triassic - The western edge of North America during the Triassic would have been somewhere 
around the California-Nevada border. Although still in the tropics, the climate of western North 
America was becoming more arid as rising mountains blocked moisture-bearing winds coming from 
the seas. Shales, sandstones, conglomerates, dolostones, and limestones were deposited in the 
shallow-to-deep marine environments off the coast. Exposures in Northern California (Shasta and 
Plumas Counties) have yielded a diverse marine fauna, including fossils of ammonites, brachiopods, 
bivalves, echinoderms, and marine reptiles. 

Paleozoic 
Permian - Permian rocks in California represent both shallow and deep marine environments 

inhabited by brachiopods, echinoderms, corals, molluscs, and cartilaginous fish. The shales, 
sandstone, conglomerates, dolostones, and limestones deposited in these environments are found 
in Northern California in Shasta and Butte Counties. 

Carboniferous - Most of California was under water during the Carboniferous, and the warm 
coastal waters were inhabited by algae, bryozoans, crinoids, molluscs, corals, and cartilaginous fish. 
On land, the swamps and estuarine environments were home to horsetails, ferns, and large seed-
bearing plants (gymnosperms) like seed ferns (extinct gymnosperms) and club mosses (lycophytes), 
as well as very large insects. Carboniferous rocks containing marine fossils are not shown on this 
map, but can be found to the north in Shasta County and to the south in Inyo County. All of these 
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rocks were most likely exotic terranes that rafted in from the west by tectonic activity, and accreted 
onto the continent. 

Devonian - During the Devonian, most of what is now California was still under water. Scattered 
exposures of Devonian shale, sandstone, limestone, and dolostone can be found in the Northern 
Sierra Nevada, as well as to the south in the White Mountains, Inyo Mountains, and places around 
Death Valley. Exposures of Devonian-age rocks are not common in California, and the few fossils 
collected have been mainly invertebrates: brachiopods, corals, stromatoporoids (sponge-like 
animals with calcareous skeletons), ammonites, crinoids. 

Silurian - During the Silurian, the western edge of North America was still underwater. Tabulate 
corals and stromatoporoids (sponge-like animals with calcareous skeletons) dominated the reef 
communities that were built up in shallow, warm waters on banks and shoals. These warm waters 
were also teeming with brachiopods, cephalopods, gastropods, bivalves, and crinoids. Although not 
shown on this map, Silurian sandstones, shales, conglomerates, cherts, dolostones, and some 
altered sedimentary rocks can be found in the Northern Sierra Nevada, White Mountains, Inyo 
Range, and places near Death Valley.  

Ordovician - Along the northwestern edge of the ancient continent of Laurentia (which is now 
the western edge of North America), a broad carbonate platform continued to develop. Warm 
waters of this shallow limy sea were home to a great diversity of animals including graptolites, 
trilobites, brachiopods, colonial corals, bryozoans, and stromatoporoids (sponge-like animals with 
calcareous skeletons). Although not shown on this map, Ordovician sandstones, shales, 
conglomerates, cherts, dolostones, and some altered sedimentary rocks in California are found 
mainly in the White Mountains, Inyo Mountains, and in places around Death Valley. 

Cambrian - Limited exposures of Cambrian rocks can be found in the White Mountains, Inyo 
Mountains, and in a few places around Death Valley. These limestones, dolostones, and shales were 
deposited in the warm waters as a broad, shallow carbonate platform. Archaeocyaths, trilobites, 
inarticulate brachiopods, early echinoderms, and sponges dominated these shallow warm waters. 

Precambrian 
Precambrian - Precambrian rocks in California include igneous and metamorphic basement 

rocks, as well as some sedimentary rocks (limestone, dolostone, and sandstones, which have often 
been altered to quartzite). These sedimentary rocks can be found in the White Mountains, Inyo 
Mountains, and around Death Valley. Most of these rocks do not contain fossils, although some 
traces and a few fossils have been found in the younger geologic formations of Precambrian age. 
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Figure 4.15.1 Geologic time periods across California (PaleoPortal, 2006; www.paleoportal.org) 

4.15.5 Soils  
Soil is the primary medium for plant growth and storage and movement of water and nutrients 

in ecosystems. Soil formation is controlled by the interactions of parent material, topography, 
climate, biota, and time. These factors create the physical and chemical characteristics that 
distinguish various soil types. Soils are composed of air, water, and inorganic and organic matter. 
Inorganic materials are primarily minerals that may or may not provide nutrients to plants. Organic 
matter includes living and dead plant and animal material. Varying depths of litter and duff protect 
soils. Litter consists of identifiable plant material, including needles, leaves, and woody debris of 
different sizes; duff consists of decomposing organic detritus that will become part of the soil 
organic matter. 
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Soils in the VTP area vary from deep, poorly drained, clayey soils on level terrain to shallow, 
droughty, gravelly soils on steep slopes. They also vary widely in their susceptibility to erosion, 
compaction, and formation of hydrophobic substances during fires, as described below. 

Although the level of detail varies, most of the state’s soils have been mapped to some level of 
detail by the Natural Resources Conservation Service or the Forest Service. Mapping is generally 
most detailed in the parts of the state used for cropland; rangelands, forest lands, and desert 
regions are often mapped at a low level of detail or have not been mapped. Table 4.15.2 provides a 
summary of the dominant soil orders found in each Bioregion. Alfisols, Mollisols, Inceptisols, and 
Ultisols are commonly associated with forest land. A brief description of the soil properties for each 
soil order is provided at the end of this section (pages 4.15-16 and 4.15-17). 

Table 4.15.2  
Summary of the Percentage of Dominant Soils Order by Bioregion (STATSGO) 
Bioregion A C D E H I M U V 
Bay Area/Delta 21 0 0 18 3 7 38 1 13 
Central Coast 18 0 2 25 0 6 44 0 4 
Colorado Desert 0 0 28 72 0 0 0 0 0 
Klamath/North Coast 25 3 1 10 0 47 9 3 2 
Modoc 15 3 5 12 0 14 47 0 5 
Mojave 2 0 29 68 0 1 1 0 0 
Sacramento Valley 46 0 0 15 0 11 9 0 17 
San Joaquin Valley 21 0 8 44 0 2 20 0 5 
Sierra 20 0 2 24 0 36 11 7 0 
South Coast 9 0 0 52 0 13 20 0 5 
A = Alfisols, C = Andisols, D = Aridisols, E = Entisols, H = Histosols, I = Inceptisols, M = Mollisols, U = Ultisols,     
V= Vertisols.  

Productivity of forest and range soils 
Soil productivity, or the ability of soil to grow plants, is related to its chemical and physical 

properties. These properties include texture, structure, organic matter content, nutrients, and soil 
acidity (pH). In forest and range communities, vegetation and soils are intimately interconnected. 
Vegetation provides carbon in the form of leaves, needles, and other litter. Soil organisms transform 
and transport this carbon and make it useful to plants as part of replenished soil. These organisms 
chew, mix, burrow, or otherwise change the surface area and chemistry of fresh materials. The 
productivity of range sites in California is highly varied. Rangeland soils tend to be more productive 
where they are deeper and there is more rainfall. Less productive soils usually are shallower and 
climates are more arid. Soils that are more fragile also occur on steep slopes with a harsh 
environment. The most productive rangeland soils tend to be associated with grassland, hardwood 
woodland, and wetland/riparian land cover types. Based on vegetative cover type, the site 
productivity of rangelands, expressed by Animal Units Months of grazing capacity, is estimated 
(Table 4.15.3). 
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Table 4.15.3  
Total Annual Grazing Capacity on Available Primary Rangeland Cover Types (CAL FIRE, 2003) 

Land cover type Grazing capacity in animal unit months per acre Area (million acres) 
Conifer woodland  0.2  1.6 
Grassland  0.7  9.2 
Shrub  0.3  11.6 
Desert <0.1  14.3 
Hardwood woodland  0.7  4.6 
Wetland/riparian  1.8  0.4 
Total  0.4  41.7 

 

Forestland productivity can be measured in several ways. The most common is to group areas 
by general forest types and then rate sites by how long it takes to grow a tree to a specified height 
(usually 100 years). Soil quality is a key element in why trees grow fast, but other factors such as 
aspect and rainfall are also reflected in the ability of a site to grow wood. Table 4.15.4 provides a 
summary of timberland by site class in California. 
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4.15.6 Soil Loss 
Causes of damage to soil may be natural such as wildfire or intense rain. They may also be 

related to land use activities such as road building, removal of vegetation, and site disturbance 
sometimes associated with residential, industrial, commercial development, timber harvesting, and 
intense grazing. Common factors in soil damage are loss of the litter layer, compaction, and erosion. 

The physical presence of an organic layer over soil helps reduce erosion and maintain favorable 
soil moisture and temperature regimes during hot summers in California (Powers, 2002). 
Incorporation of organic matter into the soil surface is also an important process affecting soil 
productivity. Soil organic matter is the primary source for most of the available phosphorous and 
sulfur, and almost all of the available nitrogen (Imler, 1998). 

On annual rangelands, soil surface conditions strongly influence vegetation. Most seeds 
germinate on the soil surface or at depths to one centimeter (0.4 inches) beneath it. The presence 
of litter on the surface also seems to impact species composition. Range weeds grow where there is 
not much surface litter and taller annual grasses such as wild oats tend to grow where litter 
accumulates (George and Menke, 1996). 

The loss of soil cover may substantially increase surface soil erosion (Powers, 2002; George and 
Menke, 1996). Loss of organic residues may also increase soil temperatures and moisture loss much 
earlier in the year, thus lessening the period of available soil moisture for forest vegetation. 

Soil Erosion 
Erosion is the wearing away of the land surface by water, wind, and other geologic agents. 

Erosion caused by water—the most important agent of erosion from a vegetation management 
perspective—occurs when the shear stress of water flowing over a slope exceeds the shear 
resistance of soil particles. The susceptibility of a soil to detachment (i.e., shear resistance) and 
transport by flowing water varies widely among soils with differing textures; a silt loam soil, for 
example, may be more than 30 times more erodible than a gravelly clay loam (U.S. Soil Conservation 
Service, 1993). 

Table 4.15.4  
Area of Timberland by Site Class and Resource Area, 1994 (thousand acres) 

 Site class (cubic feet/acre/year)   
Resource Area 20-

49 
50-
84 

85-
119 

120-164 
(High) 

165-224 
(High) 

>225 
(High) 

All 
classes 

Percentage 
total 

timberlands in 
high site classes  

North Coast 68 523 1,002 938 486 396 3,413 53 
Central Coast 6 15 27 124 63 72 307 84 
San 
Joaquin/Southern  

494 707 711 659 63 34 2,688 28 

Sacramento 556 995 1,377 1,137 208 25 4,298 32 
North Interior 606 2,328 1,916 851 211 33 5,945 18 
Total 1,730 4,568 5,053 3,709 1,031 560 16,651 32 
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Water erosion is classified into three general types: sheet, rill, and gully erosion. Sheet erosion 
is the removal of soil of a generally uniform depth across a slope and is caused by non-concentrated 
runoff. Rill erosion refers to the removal of soil in shallow (i.e., less than approximately 6-8 inches 
deep), usually parallel, channels from a slope and is caused by concentrated runoff. Gully erosion 
consists of removal of soil from deeper channels and is also caused by concentrated runoff. 
Although usually less conspicuous than rill and gully erosion, sheet erosion tends to result in greater 
soil loss over a wide area. 

The force of raindrops falling contributes to water erosion. The raindrops dislodge and mobilize 
soil particles, causing a net downslope soil movement. Raindrops falling on bare soil also cause fine 
soil particles to plug soil pores, resulting in a crust on the soil surface that may increase runoff rates. 

The factors that most influence the inherent wind erodibility of a soil are soil texture, organic 
matter content, calcium carbonate content, and gravel content (U.S. Soil Conservation Service, 
1993). Wind erosion hazard is greatest where such soils occur and high winds are common, 
vegetation cover has been removed, and the soil has been disturbed. 

Erosion Hazard Rating 
Each soil survey map unit is rated for water erosion hazard. The erosion hazard rating is 

qualitative; a typical range is slight/low to severe/extreme. The erosion hazard rating indicates the 
tendency of erosion to occur when the soil is barren of vegetation or when the soil is disturbed. The 
primary factors that control water erosion hazard are slope gradient, soil texture, and vegetative 
cover. Other factors include length of slope, organic matter content, structure (i.e., aggregation 
characteristics), permeability, and gravel content. 

Hydrophobicity and Compaction 
Exposing soil to a temperature of 350-400° F., as may occur during a fire, (natural or prescribed 

burn) may cause the formation of a layer of hydrophobic substances at or just below the soil 
surface. The hydrophobic layer may cause the soil to resist wetting, thereby reducing soil infiltration 
rates and increase the potential for rapid runoff and accelerated water erosion (Chamberlin et al., 
1991). Heat-induced water repellancy typically persists for a few years (Rieman and Clayton, 1997). 

Coarse-textured soils (e.g., sand and loamy sand) with low particle surface area are more prone 
to the formation of water-repellant layers than fine-textured soils (e.g., clay). The soil’s moisture 
content also affects the depth to which hydrophobic substances penetrate: in dry soils, the 
substances tend to penetrate to a greater depth than in wet soils (DeBano et al., 1979). In field 
measurements conducted during a fire, a greater reduction in infiltration capacity was observed in 
dry soil than in moist soil (DeBano 1991), presumably because the hydrophobic substances were 
concentrated in a dense layer at the soil surface. 

Soil compaction, or the reduction in soil pore space caused by weight applied to the soil 
surface, usually reduces infiltration and increases runoff and erosion. 

Soil Erosion from Fires 
The type and intensity of a fire can have widely varying effects on soil properties. For example, 

a high severity crown fire may sweep quickly across the landscape and cause minimal changes in the 
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heating of the underlying soil. In contrast, a slow moving duff fire may cause extensive heating of 
soil surface. 

Following the passage of surface and crown fires a smoldering fire can still occur in the organic 
soil horizon. The surface conditions after a fire combined with the presence or absence of rainfall 
events determine the movement of water and the amount of erosion produced (Table 4.15.5). 

Table 4.15.5   
Soil Surface Conditions Affect on Infiltration and Runoff (Neary et al., 2005) 
Soil surface condition Infiltration  Runoff Erosion 
Litter charred High Low Low 
Litter consumed Medium Medium Medium 
Bare soil Low High High 
Water repellent layers Very low Very high Severe 

Baseline sediment yields in undisturbed forest are relatively low, estimated at 0.01 to 2.47 
tons/acre/year for forests in the western states (Neary et al., 2005). Sediment yields associated with 
fire disturbance are variable and influenced by a complex combination of climate, vegetation, 
geology, soils, and topography. Table 4.15.6 provides a summary of measured sediment yields 
associated with wildfires in California and other western states. 
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Table 4.15.6  
Event-Based Sediment Yields from Debris Flows Due to Wildfires (Neary et al., 2005) 
Ecoregion-location Treatment/condition Sediment 

yield per 
event 

Burn 
area 

Rainfall 

 % mm yd3/mi2 m3/km
2 

M242 Cascade mixed-conifer-meadow forest province     
Entiat Valley, Washington, 1972  100  335  1,355 400 

M262California Coastal Range Woodland-Shrub-Conifer Province     
Los Angeles County, CA, 1914  80 Unknown  60,069 17,730 
Los Angeles County, CA, 1928  100  36  45,680 13,483 
Los Angeles County, CA, 1933  100  356  67,943 20,054 
San Dimas, W. Fork, CA , 1961  100    54,906 16,206 
Glendora, Glencoe, CA, 1969  80  1143  203,280 60,000 
Glendora, Rainbow, CA, 1969  80  1143  221,026 65,238 
Big Sur, Pliefer, CA, 1972  100  31  22,588 6,667 
Sierra Madre, CA, 1978  100  38  7,650 2,258 
San Bernardino, CA, 1980  NA Unknown  160,432 47,353 
Laguna Canyon, CA, 1993  85  51  73,303 21,636 
Hidden Springs, CA, 1978  100  25  84,700 25,000 
Sierra Madre, CA, 1978  100  38  1,650 2,258 
Topanga, CA, 1994  100  66  783  231 
Ventura, Slide Creek, CA 1986  100  122  871  257 

M331 Rock Mountain Steppe-Open Woodland-Coniferous Forest     
Glenwood Springs, CO, 1994  97  17  41,537 12,260 
Glenwood Springs, CO, 1994  58  17  7,247 2,139 

M341 NV-UT Semi-Desert-Coniferous Forest-Alpine Meadow     
Santaquin, UT, 2001  29  12  304,761 89,953 
Santaquin, UT, 2001  28  12  31,657 9,344 

M313 AZ-NM Mountains Semi-Desert-Woodland-Conifer Province     
Huachuca Mountains, AZ, 1988  80  8  56,468 16,667 

CAL FIRE has developed a GIS layer of Post-Fire Erosion potential. This data layer uses a 
modified version of the Revised Universal Soil Loss Equation (RUSLE) equation to estimate potential 
soil loss following high severity wildfires. The data has been summarized by Bioregion in Table 
4.15.7. The coastal bioregions tend to have a greater proportion of the bioregion area in the highest 
erosion class.  

Soil interrelates with other ecosystem resources in several ways. It supplies air, water, 
nutrients, and mechanical support for plants. Soil also receives and processes rainfall. By doing so, it 
partly determines how much rainfall becomes surface runoff, and how much is stored for delivery 
slowly from upstream slopes to channels where it becomes streamflow, and by how  much is stored 
and used for soil processes (for example, transpiration and leaching). When the infiltration capacity 
of the soil for rainfall is exceeded, organic and inorganic soil particles are eroded from the soil 
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surface and become a major source of sediment, nutrients, and pollutants in streams that affect 
water quality.  

Soil also is a primary storage for carbon sequestration. Disturbance from fire and management 
activities can impact the amount of carbon stored in the upper soil profile. For context about 50% of 
the C is in the soil, 34% is in live vegetation, 8% is in the forest floor, and the rest is in standing dead 
trees or downed dead wood (Kimble et al., 2000). The values represent the percentage of the 
Bioregion occupied by a given potential fire erosion class. 

Table 4.15.7   
Summary of Post-Fire Erosion Potential by Bioregion 
Bioregion No Fuel Rank 

(Ag/ Barren) 
Water 

or 
Urban 

Low Moderate High 

Klamath/North Coast 3 2 26 46 23 
Modoc 8 6 68 16 2 
Sacramento Valley 44 12 38 5 1 
Sierra 11 4 46 30 8 
Bay Area/Delta 20 25 21 24 10 
San Joaquin Valley 55 12 26 6 1 
Central Coast 9 4 31 39 17 
Mojave 4 4 89 3 0 
South Coast 5 30 21 30 13 
Colorado Desert 13 8 76 3 0 
Total 13 8 49 21 8 
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Table 4.15.8  
Field Indicators of Existing Landslides and Areas with High Landslide Potential 
 

Indicator 
 

Interpretation 
 
Existing Landslides 

 
 

 
Hummocky topography/slopes 

 
Common feature in old and active progressive slides (slides with many 
individual components). Slide mass is prone to gullying. 

 
Abrupt change in slope 

 
May indicate either an old landslide area or a change in the erosion 
characteristics of underlying material. If the feature is a landslide, the 
portion with low slope angle (the slide mass located below the steep 
headscarp) is generally weaker and often has higher water content than 
the steep headscarp and the area upslope from the headscarp. 

 
Scarps and cracks 

 
Definite indication of an active or recently active landslide. Age of scarp 
can usually be estimated by the amount or maturity of vegetation 
established upon it. Width of cracks may be monitored to estimate 
relative rates of movement. 

 
Grabens or “stair step” 
topography 

 
Indication of progressive failure. Complex or nested series of rotational 
slides can also cause surface of slope to appear stepped or tiered. 

 
Lobate slope forms 

 
Indication of former earthflow or soil slip area. 

 
Hillside ponds 

 
Local depressions formed as result the formation of “stair step” 
topography act as infiltration source, which can exacerbate or accelerate 
landsliding. 

 
Hillside seeps 

 
Can usually be identified by associated presence of denser or 
phreatophyte vegetation (e.g., cattails, rushes, or alder in vicinity of seep). 

 
Incongruent vegetation 

 
Patches or areas of much younger or very different vegetation (e.g., alder 
thickets); may indicate recent landslides or unstable ground. 

 
“Jackstrawed” trees 

 
Leaning or canted trees on a slope are indicators of previous episodes of 
slope movement or soil creep. 

 
High Landslide Potential 

 
 

 
Hillside seeps 

 
Can usually be identified by associated presence of denser or 
phreatophyte vegetation (e.g., cattails, rushes, or alder in vicinity of seep). 

 
Bedding planes and joints dipping 
downslope* 

 
Potential planes of weakness for translational slope failure. 

 
Inner gorge 

 
Very steep unstable slope (formed by debris sliding) extending to a stream 
channel. 

 
Debris slide/amphitheater slope 

 
Steep unstable landform featuring slide scars, incised depressions, and 
active slide areas. 

_________ 
* Assessment of landslide potential using this indicator should be conducted only by a registered geologist. 
Source: Adapted from Gray and Leiser 1982. 
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Brief description of the soil properties for each soil order:  

Soil Order 

Soil Order represents the broadest category of soils using the USDA "Soil Taxonomy." The Soil 
Taxonomy is a basic system of soil classification. There are 12 soil orders, differentiated by the 
presence or absence of diagnostic horizons: Alfisols, Andisols, Aridisols, Entisols, Gelisols, Histosols, 
Inceptisols, Mollisols, Oxisols, Spodosols, Ultisols, and Vertisols. Orders are divided into Suborders 
and the Suborders are farther divided into Great Groups. Ten of the twelve soil orders can be found 
in California. The following descriptions come from the USDA NRCS web site  
(http://soils.usda.gov/technical/classification/orders/ and 
http://soils.usda.gov/technical/soil_orders/). 

Alfisols 

Alfisols are found in semi-arid to moist areas. These soils result from weathering processes that 
leach clay minerals and other constituents out of the surface layer and to the subsoil, where they 
can hold and supply moisture and nutrients to plants. They are formed primarily under forest or 
mixed vegetative cover and are productive for most crops. 

Andisols 

The central concept of Andisols is that of soils dominated by short-range-order minerals. They 
include weakly weathered soils with much volcanic glass as well as more strongly weathered soils. 
Hence the content of volcanic glass is one of the characteristics used in defining andic soil 
properties. 

Materials with andic soil properties comprise 60 percent or more of the thickness between the 
mineral soil surface or the top of an organic layer with andic soil properties and a depth of 60 cm or 
a root limiting layer if shallower. 

Aridisols 

The central concept of Aridisols is that of soils that are too dry for mesophytic plants to grow. They 
have either: 

(1) An aridic moisture regime and an ochric or anthropic epipedon and one or more of the following 
with an upper boundry within 100 cm of the soil surface: a calcic, cambic, gypsic, natric, petrocalcic 
petrogypsic, or a salic horizon or a duripan or an argillic horizon, or 

(2)A salic horizon and saturation with water within 100 cm of the soil surface for one month or 
more in normal years. 

An aridic moisture regime is one that in normal years has no water available for plants for more 
than half the cumulative time that the soil temperature at 50 cm below the surface is >5° C. and has 
no period as long as 90 consecutive days when there is water available for plants while the soil 
temperature at 50 cm is continuously >8° C. 

Entisols 

The central concept of Entisols is that of soils that have little or no evidence of development of 
pedogenic horizons. Many Entisols have an ochric epipedon and a few have an anthropic epipedon. 

http://soils.usda.gov/technical/classification/orders/
http://soils.usda.gov/technical/soil_orders/
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Many are sandy or very shallow. 

Histosols  

The central concept of Histosols is that of soils that are dominantly organic. They are mostly soils 
that are commonly called bogs, moors, or peats and mucks. A soil is classified as Histosols if it does 
not have permafrost and is dominated by organic soil materials. 

Inceptisols 

The central concept of Inceptisols is that of soils of humid and subhumid regions that have altered 
horizons that have lost bases or iron and aluminum but retain some weatherable minerals. They do 
not have an illuvial horizon enriched with either silicate clay or with an amorphous mixture of 
aluminum and organic carbon. 

The Inceptisols may have many kinds of diagnostic horizons, but argillic, natric kandic, spodic and 
oxic horizons are excluded. 

Mollisols 

The central concept of Mollisols is that of soils that have a dark colored surface horizon and are 
base rich. Nearly all have a mollic epipedon. Many also have an argillic or natric horizon or a calcic 
horizon. A few have an albic horizon. Some also have a duripan or a petrocalic horizon. 

Spodosols 

The central concept of Spodosols is that of soils in which amorphous mixtures of organic matter and 
aluminum, with or without iron, have accumulated. In undisturbed soils there is normally an 
overlying eluvial horizon, generally gray to light gray in color, that has the color of more or less 
uncoated quartz. 

Most Spodosols have little silicate clay. The particle-size class is mostly sandy, sandy-skeletal, 
coarse-loamy, loamy, loamy- skeletal, or coarse-silty. 

Ultisols 

The central concept of Ultisols is that of soils that have a horizon that contains an appreciable 
amount of translocated silicate clay (an argillic or kandic horizon) and few bases (base saturation 
less than 35 percent). Base saturation in most Ultisols decreases with depth. 

Vertisols 

The central concept of Vertisols is that of soils that have a high content of expending clay and that 
have at some time of the year deep wide cracks. They shrink when drying and swell when they 
become wetter. 
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4.16  Hazardous Materials and Other Concerns 

4.16.1 Introduction 
The purpose of this chapter is to discuss the baseline conditions for the use of hazardous 

materials in VTP projects: aspects of worker safety and environmental toxicity; and other possible 
impacts that may cause a threat to life or property not covered elsewhere in this EIR. Detailed 
discussion of the impacts of herbicides and pesticides is covered in the section on that topic 
(Sections 4.17 and 5.17). 

Hazardous materials can be thought of as any materials that have potential significant negative 
impacts on the health of organisms or the environment if not properly handled, disposed, or 
otherwise managed. In the case of the VTP program, these might include antifreeze, lubricants, 
fuels, bitumens, and other materials for mechanized equipment; fire retardants, foams, and water 
enhancers;  electrical current from power lines during a prescribed fire; and various items generated 
or found on site such as tires, munitions, and non-biodegradable refuse, litter, trash and debris. 
Procedures for worker safety and gauging environmental and health toxicity are relevant context. 

While not typically considered hazardous materials in the toxic sense, two other possible 
impacts of VTP operations are also mentioned. The first is woody debris and slash that can increase 
the risk of wildfire and diminish forest or range health. The second is encouraging spread of invasive 
species by actions such as livestock grazing or movement of mechanized equipment, especially on 
disturbed soil.  

4.16.2 Hazardous Materials  
Antifreeze, lubricants, fuels, and other materials on mechanized equipment 

When heavy equipment is used to prepare sites for prescribed fire or in mechanical treatments, 
maintenance and repair are often done on-site. Antifreeze, fuels, and lubricants can potentially 
pollute streams, wetlands, lakes and groundwater.  

Common practices include regular equipment maintenance so that hoses and fittings will not 
leak or cause spills. If spills occur, action can be taken to contain them. Specific sites are often 
designated for maintenance, preferably on more level terrain and away from any place pollutants 
can enter water.  

On non-federal lands, typical VTP management practices are to require that no servicing of 
vehicles be done so as to permit grease, oil, fuel, or other toxic substances to enter lakes, 
watercourses, or wet areas. This concept is found in the Forest Practice Rules (14 CCR 914.5 (a), 
934.5 (a), 954.5 (a)), the Chaparral Management Program (14 CCR 1569.2 (b) and the Forest 
Improvement Program (14 CCR 1545.1 (b)). The Federal Clean Water Act, as amended, Title 40 CFR 
Parts 110 and 112, details guidelines that are required for handling hazardous substances. These are 
reflected in CAL FIRE’s Spill Prevention Control and Countermeasure Plan (SPCC).  

Lubricants, fuels, and other products on smaller equipment 
VTP projects can include use of such tools as chainsaws or hand drip torches. Chainsaws run on 

an oil-gas fuel mix and drip torches use a mix of gasoline and diesel fuel. If these items are filled in a 
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location where the fuels can leak into streams, groundwater, lakes or wet meadows, some 
degradation of water quality is possible. If equipment is kept serviced, used in a proper manner, and 
filled away from water sources the chance for environmental damage is minimal. 

Helitorch Agents 
Aerial ignition techniques can be separated into two major categories. The first is the DAID 

(Delayed Aerial Ignition Device) or ping-pong ball system. The ping-pong ball system utilizes small 
plastic balls containing potassium permanganate. The balls are injected with ethylene glycol and 
then jettisoned before the chemicals react thermally to produce a flame that consumes the ball. The 
dispensing machine is mounted in small airplanes or helicopters.  

The second aerial ignition technique is the helitorch. It is a giant drip torch suspended from a 
helicopter. The equipment has a fuel storage tank from which gelled petroleum is pumped through 
a valve and is ignited by a high voltage sparks. For several reasons, the helitorch is commonly used 
in California.  

Regarding safety concerns, the use of gasoline is hazardous since it is highly flammable in an 
ungelled form and there is the potential for an explosion or a fire if proper procedures are not 
followed. Bulk fuel and chemicals must be transported to the site, which may be a problem if there 
is poor access. In using the helitorch, several potential safety issues exist. These include: striking a 
tree with helitorch, accidentally jettisoning the torch, and fouling of helitorch suspension cables. 
Unstable flight can also cause concerns such as: 

• Dropping fuel outside the burn perimeter; 
• Dropping fuel on or near ground personnel; 
• Fire occurring during fuel mixing operations; and 
• Hazardous electrical malfunctions of the torch. 

 
Still, the helitorch is associated with fewer hazards than burning by hand (BLM, 2004).In 

addition, U.S. Department of Transportation Hazmat regulations apply as outlined in the Code of 
Federal Regulations, Title 49, and parts 100 to180. Also, fire agencies in California that use the 
helitorch provide for extensive training in its use.  

Regarding environmental impacts from using prescribed fire, aerial ignition allows an area to be 
completed before downwind spots burn out. In contrast, when ground ignition techniques are used, 
the downwind spots may come together and burn out before the entire area has been ignited. 
Aerial ignition thus reduces the time needed to complete burning in an area. Despite the fact that 
about the same amount of smoke is produced as a ground-ignited prescribed fire, the smoke is 
emitted over a shorter period and more of it is in the convection column. Thus, the impact of any 
adverse air quality effects is less. 

The DAID system works best in fuels that are continuous or in areas where a mosaic burn 
pattern is desired. The helitorch is best suited for large, cleared areas with discontinuous fuels, 
including clearcuts, piled or windrowed debris. It does not work well for under-burning operations 
where the burning fuel globules could ignite the tree crowns. Moreover, despite the fact that it is 
often easier to establish a convection column because of the rapid fuel consumption associated 
with helitorch ignition, it is easy to lose control of the column during a break in ignition. 
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(http://www.pfmt.org/fire/aerial_ignition) Procedures and training are designed to account for 
these kinds of factors.  

On any given project, short-term negative impacts to the environment could result from spills 
or unplanned releases into the environment of fuels and other chemicals used in igniting and 
suppressing the prescribed fire. However, standard operating procedures typically include 
availability of spill response equipment to minimize the chance, amount, and duration of any spill 
impacts. 

Retardants, Foams, and Water Enhancers 
Based on 2004 statistics, CAL FIRE annually uses about 4.9 million gallons of aerially-delivered 

fire retardant at a cost of about $3.52 million (Section 8401, CAL FIRE Wildland Fire Chemicals 
Handbook). A very small portion of this may be used in VTP activities, almost entirely to control an 
escaped prescribed fire. In addition, the USFS uses an estimated 2.56 million gallons of fire 
retardant annually, based on data from 2000 – 2010 (USFS, 2011). 

VTP practices may involve the application of fire retardants to control fire. Such practices might 
be associated with the ignition and direction of prescribed fire. For example, ground retardants 
might be used to help direct ignition and foams used to extinguish residual fire. Fire retardants 
would also be involved in an unintended consequence of VTP practices…i.e. escaped fire. Escaped 
fire does not happen often, but it does occur. In such cases, retardant typically would be used as 
part of fire engine, helicopter, and air tanker delivery of water or foam on such fires.  

Longer term retardants, mixed for delivery to the fire, have about 85% water, 10% fertilizer and 
5 percent colorant, thickener, corrosion inhibiters and related ingredients (http://www.fs.fed.us/ 
rm/fire/documents/envissu.pdf). When fertilizer salts are mixed with water they improve dispersal 
of water and to form a combustion barrier to further ignition. Ammonium salts combine chemically 
with cellulose as fuels are heated, in effect lessening or taking away the ability of the fuel to burn. 
VTP practices may also involve application of short term retardants (foams). Common retardants 
include Fire-Trol GTSR and 300F and Phoschek D75-R and D75-F (http://www.fs.fed.us/rm/fire 
/retardants/current/base/ca.htm). An additional fire retardant that can be applied on the ground is 
Phoschek 259F. 

Foam suppressants are also used. Fire suppressant foams, diluted for use in fire fighting, are 
more than 99 percent water. The remaining one percent contains surfactants (wetting agents), 
foaming agents, corrosion inhibitors, and dispersants. (http://www. fs.fed.us/rm/fire/documents/ 
envissu.pdf) 

Foaming agents alter the rate at which water drains from the foam and how well it sticks to 
fuels. Wetting agents and surfactants add to the ability of water to penetrate fuels, hence lowering 
their ability to ignite. The effect of the foams usually disappears as water evaporates or drains off of 
fuels. Newer CAL FIRE fire engines have a foam injection system that automatically mixes foam with 
water; for older engines foams are mixed manually with water. Usually the foam is Phoschek Anchor 
Point. WD 881 is used by CAL FIRE with a few helicopters. Local fire agencies may use foams 
different from CAL FIRE.  

http://www.fs.fed.us/rm/fire/documents/envissu.pdf
http://www.fs.fed.us/rm/fire/documents/envissu.pdf
http://www.fs.fed.us/rm/fire/retardants/current/base/ca.htm
http://www.fs.fed.us/rm/fire/retardants/current/base/ca.htm
http://www.fs.fed.us/rm/fire/documents/envissu.pdf
http://www.fs.fed.us/rm/fire/documents/envissu.pdf


 
Hazardous Materials  

 

California Department of Forestry and Fire Protection 4.16-4 
Vegetation Treatment Program 
Draft Environmental Impact Report 

Water enhancers are also used as retardant. They contain 95 to 98 percent water with the 
remaining percentage consisting of thickeners and other ingredients. The remaining 2 to 5 percent 
contains thickeners, stabilizers, and other minor ingredients. (http://www.fs.fed.us/rm/fire/ 
documents/envissu.pdf)  Enhancers thicken water to make water drops from aircraft more accurate 
and to retard water evaporation from wildfire heat. Enhancers used by CAL FIRE in helicopters 
usually are ThermoGel 200L or AFG Firewall. Barricade II may also be used in helicopters and 
AquaGelK in both tankers and helicopters. 

In California and elsewhere, the Forest Service and other firefighting agencies utilize retardant 
consistent with Guidelines for Aerial Application of Fire Retardant and Foams in Aquatic 
Environments (http://www.fs.fed.us/rm/fire/retardants/current/gen/appguide.htm). Subject to 
overriding safety and firefighting concerns, the guidelines seek to keep applications of retardants at 
least 300 feet away from waterways that are visible to the pilot. If application does occur within 300 
feet of a waterway, agencies must review the potential impact on species listed under the Federal 
Endangered Species Act.  

Fire retardants that use sodium ferrocyanide (yellow prussiate of soda or YPS) as a corrosion 
inhibitor can increase the toxicity of fire retardants. This toxicity can increase when YPS is exposed 
to ultra-violet light from the sun which releases cyanide. Cyanide can gather in watercourses. 
However, in one study it was found that fish are capable of avoiding the fire retardant chemical in 
streams. Other fire-related influences, such as ash input and higher temperatures may do more 
damage than chemical toxicity of fire retardant chemicals. (http://www.cerc.usgs.gov/pubs/ 
center/pdfDocs/Fire-RetardantSummary.pd) 

Regardless, the Forest Service indicates that, after the 2006 fire season, it will no longer 
purchase retardants that contain sodium ferrocyanide as an anticorrosive (http://www.fs. 
fed.us/r5/mendocino/). This is based on their conclusion that under some circumstances this 
chemical can be more toxic to aquatic species and environments than retardants without this agent 
(http://www.fs.fed.us/r5/mendocino/). 

Recent legal challenges to the Forest Service’s use of aerial application of fire retardant resulted 
in the development of a Draft Environmental Impact Statement (DEIS) to evaluate potential 
environmental impacts. The draft EIS was released for public comment in May of 2011 and was later 
finalized in December 2011. Preferred alternative 3 is set to begin implementation beginning in the 
2012 fire season. CAL FIRE has completed a negative declaration under CEQA to address the use of 
aerially applied retardants. See the Forest Service FEIS for additional information 
(http://www.fs.fed.us/fire/retardant/index.html). The following is a summary from the DEIS that 
characterizes potential environmental impacts. 

In terms of air quality, if a fire burns vegetation that has been sprayed with retardant, the 
evaporation of nitrogen into a vapor increases nitrous oxide emissions. But those potential 
increases are believed to be compensated by the land not burned resulting from the retardant drop. 
From the time the retardant leaves the airplane to the point where the retardant hits the ground it 
does not remain in the air long enough to have an effect on air quality in a measurable way.  

Intentionally or because of misapplication, fire retardant periodically enters a lake or other 
body of water resulting in undesirable impacts. Specifically, aquatic organisms that had one or more 

http://www.fs.fed.us/rm/fire/documents/envissu.pdf
http://www.fs.fed.us/rm/fire/documents/envissu.pdf
http://www.fs.fed.us/rm/fire/retardants/current/gen/appguide.htm
http://www.cerc.usgs.gov/pubs/center/pdfDocs/Fire-RetardantSummary.pd
http://www.cerc.usgs.gov/pubs/center/pdfDocs/Fire-RetardantSummary.pd
http://www.fs.fed.us/r5/mendocino/
http://www.fs.fed.us/r5/mendocino/
http://www.fs.fed.us/r5/mendocino/
http://www.fs.fed.us/fire/retardant/eis_info.html
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fire retardant drops in the past 10 years were likely to adversely affect threatened and endangered 
species and may impact individuals and habitat, but are not likely to contribute towards Federal 
listing for sensitive species (United States Forest Service and Management, 8). In addition, if 
retardant enters a body of water that is not easily diluted, excessive richness of nutrients in a small 
body of water causes dense growth of plant life. As a result, invasive non-native species multiply, 
diminishing water quality, impairing light penetration and negatively impacting nursery habitat.  

When dumped on the ground, the phototoxic effects on vegetation vary based on several 
factors. Namely, species characteristics, habitat, species area mapping, soil types, timing of 
application, land use patterns and misapplication of retardant all contribute to potential poisoning 
effects. In addition, the fertilizer in the retardant can stimulate the growth of invasive weeds and 
decrease the diversity of plant communities, which is localized to the general area of retardant 
application. But for that to happen, the existence of weeds must be near retardant application 
areas. Of the 171 federally species listed and analyzed for impacts, 28 species would not likely be 
affected, 81 species would not likely to be adversely affected, and 62 species would likely be 
adversely affected. Nonetheless, the potential toxic effects of retardants might be less harmful than 
the enviromental impacts of wildfire (ibid, 72). Some say the assumed greater destruction to the 
environment by wildfire is difficult to make given that “very little is known about the effect of 
retardant on plants and their associated plant communities” (ibid, 67).  

Chemicals in fire retardants may have negative effects on forest soils. For nutrient dense soils, 
the additional fertilizing response from retardant may reduce soil pH thereby limiting nutrient 
availability. In the short term, retardant improves productivity for coarse textured soil. All soils are 
impacted by rainfall, temperature, and microbial activity. And retardant concentration varies 
depending on soil quality. That is, in coarse textured soils retardants leach through since there is 
less organic matter to bind the retardant. As a result, soils are impacted by retardant concentrations 
and nutrient density. The increase in soil productivity in coarse textured soils or nutrient poor soils 
increases the success of exotic species still more, and the cycle of species invasion continues.  

Disturbances in soil matrices may adversely affect cultural resources to the extent that physical 
attributes are modified, which disturbs the resources in their original context. Those non-renewable 
and irreplaceable cultural resources include historical, archaeological, ethnographic, and tribal 
sacred sites, which contribute to the quality of life and sense of place and a community enjoys (ibid, 
46-49, 84). Fire retardant drops affect sacred features important to tribal groups, the public, and 
specific ethnic groups. Those effects include discoloration, application damage, and the 
deterioration of artifacts. Retardants stain raw wood, stone, bone, ceramics, shell, and pictographs. 
Depending on the material, the effects may be irreversible or short term, consideration of which is 
important to the social cultural setting (ibid, 46).  

 Scenic resources are essential for local communities, and provide a sense of place, for which 
we work and play (ibid, 84; and Power, 1996, Chapters 1-5). The application of retardant may 
temporarily stain a surface a reddish color, the extent to which depends on the site conditions and 
weather events following application. Those areas that receive little rain to dilute the retardant and 
wash it away experience lasting effects. Retardant does not remain for very long on surfaces that 
are porous and receive regular precipitation. Future changes to retardant include colorant that 
quickly fades, diminishing the effects on scenic resources even more. Although in its’ current form, 
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generally, the effects on scenic resources is short-lived and of minimal consequence (United States 
Forest Service and Management, 85).  

Aerially applied retardant may adversely affect the quality of wilderness character. Those 
values include an appreciation for aesthetics, recreational opportunities, and ecological conditions. 
In addition, intrinsic “special features” include those values of geologic, scientific, educational, 
cultural, and historical significance. The existence of retardant in wilderness may have a cultivating 
effect on the environment. Stated differently, retardant affects nutrient loads, growth rates and 
ecological processes, which degrade the untrammeled attribute associated with wild places. In 
addition, the existence of fire retardant creates an unnatural appearance in the wilderness, which 
provides evidence of modern civilization (ibid, 103-105). To the degree that retardant stands out, it 
has a negative effect on the natural quality of wilderness (ibid, 104). The dye in the retardant can 
detract from the scenic qualities of wilderness and contribute to a sense of human presence, 
thereby damaging the unaltered quality associated with wilderness settings. Those seeking primitive 
recreation and solitude are affected by nearby sights and sounds of fire retardant drops. But the 
impact of aerially applied fire retardant on wilderness character is short-term, infrequent, and 
increasingly mitigated by the use of colorless retardant (ibid, 103-105).  

Historically, aerial application of fire retardant took place in remote settings. As people move 
into the WUI and temporarily occupy wilderness settings the potential for increased human contact 
increases. The primary human health effects are skin irritations. Retardant is occasionally dropped 
on private property, exposing domestic animals and gardens. Eating produce from those gardens 
even after thoroughly washing produce, is not advised (ibid, 83). The impact of cleaning pets coated 
with retardant poses no significant risk. Human health effects of retardant exposure are minimal, 
but smoke from wildfires may have a greater impact on health if no retardant is used (ibid, 9). 
Respiratory distress, bronchial infections, and hospitalizations resulting from smoke inhalations may 
potentially affect the health of more people than retardant exposure. In addition, fire suppression 
areas decrease access to forestlands, which may influence the quality of life and mental health of 
visitors and local residents. Due to the growth of population and housing in the WUI, risk levels to 
human health, will continue to increase. 

Mitigating those risks require an investigation of the socio-economic implications of different 
rates and use of retardant (ibid, 86). Nationwide, the monetary costs associated with mapping, 
monitoring, and assessment/consultation activities vary between $1.4 million and $1.0 million (in 
2010 dollars). However, if the aerial application of retardant is not used, other suppression costs for 
substitute tools and tactics and the probability of escaped fires would increase (ibid, 86-96). The 
estimated national average for the material cost and flight time ranges from $24 million to $36 
million. Restricting the use of aerially applied retardant changes the tactics and strategies of fire 
suppression, which has an effect on all other suppression costs and fire suppression goals (ibid, 86-
102).  

Restricting retardant use could hinder wildfire management objectives and endanger the lives 
of both firefighters and the public (ibid, 106-122). Currently, the use of aerially applied retardant 
has about a 98 percent initial attack success rate and is primarily used as a tool to slow the rate of 
spread until sufficient ground resources arrive (ibid, 122). That might increase the probability of 
more acres burned, and the loss or damage to values-at-risk. In addition, under stricter use 
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guidelines, it is not clear if more area would be required to be avoided for threatened, endangered, 
proposed, candidate, or Forest Service sensitive species (TEPCS), since few units have avoidance 
mapped out other than waterways (ibid, 11, 125). Furthermore, Forest Service fires that have zones 
identified as avoidance areas could lead to confusion and inconsistencies with partners especially 
under unified command situations since firefighting training, direction, and requirements would no 
longer be standardized. As a result, that could increase exposure of the public to fire hazards, and 
ultimately fail to meet citizens’ expectations. 

The Forest Service is tasked with managing wildlife species and habitats. Various retardant 
application levels ranging from zero to a slight increase from current practices have short-term 
environmental consequences on those diverse landscapes. The ecoregions in which the fires burn, 
along with vegetation type and fuel models determine the amount of retardant used (ibid, 128). 
Nevertheless, if retardant were not applied aerially there would be no direct, indirect, or cumulative 
impact on wildlife species and habitats (ibid, 133). Under current regulations, federally listed 
sensitive terrestrial species are not protected from the aerial delivery of fire retardant, but 
protection is provided for waterways and a few terrestrial areas, including some listed threatened 
and endangered species (ibid, 132). Stricter retardant use guidelines would have lesser impacts on 
those species and habitat, and fewer direct and indirect impacts. In either case, terrestrial species 
with limited mobility could be directly affected by the aerial application of fire retardant. In 
addition, disturbances associated with low-flying aircraft, such as the breaking off treetops and 
vegetation might affect animals. The major conclusion drawn from this DEIS is that the 
environmental risks associated with the aerial delivery of fire retardant on a diversity of landscapes 
is minimal and short term (ibid, 32-133). 



 
Hazardous Materials  

 

California Department of Forestry and Fire Protection 4.16-8 
Vegetation Treatment Program 
Draft Environmental Impact Report 

 

Table 4.16.1  
Summary of Effects from the Use of Retardants on USFS Lands 

Effect Indicator 

*Alternative 1 
No Aerial 

Application of 
Fire Retardant 

*Alternative 2 Status Quo 
Under the 2000 

Guidelines, Including 2008 
Reasonable and Prudent 

Alternatives 

*Alternative 3 Continued Aerial 
Application of Fire Retardant, Using 

2011 Guidelines and Adopting the 2008 
Reasonable and Prudent Alternatives 

Aerial Application of 
Retardant Use No Yes Yes 

Impacts to Air 
Quality  

Meets local and 
State air quality 

standards 

Yes, but air 
quality could be 
decreased from 

smoke 

No effect on air quality   No effect on air quality 

Impact to Aquatic 
Organisms 

# of species 
impacted 

None. Because 
of increased fire 
size, some may 

be affected. 

More than alt. 3 because of 
3 exceptions leading to 

more retardant application 
in waterways or habitat   

Less than alternative 2 because of 1 
exception and additional avoidance 

areas designated for certain candidate 
and sensitive species. 

Impacts to Cultural 
Resources  

Changes to 
cultural 

resources 
None 

Visual, deterioration of 
artifacts, residues, and 

indirect effects on human 
environment 

Same as alternative 2 

Impacts to Water Water affected 
by retardant None 

Low due to avoidance 
mapping, but higher than 

alt. 3 due to more 
exceptions 

Lower due to fewer exceptions 

Impacts to 
Vegetation  

Increase in 
establishment 

or spread 
None 

Could increase slightly 
because of fertilizing 

effects 
Same as alternative 2 

Impacts to Health 
and Safety  

Know health or 
safety issues 

None from 
retardant, but 
may increase 

smoke in the air 

Minor skin irritation may 
occur when directly 

contacted with retardant 
Same as alternative 2 

Impacts on Scenic 
Resources   

None, except 
for large scared 

burned areas 

Colorant results in short 
term effects. Switching to a 

fugitive color would 
eliminate this effect 

Same as alternative 2 

Agency Costs 
Annualized 
compliance 

costs 
$0  $1 million/yr. $1.4 million/yr. 

Impacts to Soils Soil PH None More than alt. 3 Lower than alt 2 because of additional 
avoidance areas 

Impacts on 
wilderness 
Character 

Changes to 
wilderness 
character 

None Short term effects possible Same as alternative 2 

Impacts on Wildfire 
Management  

High initial 
attach success 

rate 

No, the 
probability of 

more acres 
burned would 

increase 

Yes Yes, but not as high as alt. 2 

Impacts on Wildlife 
Species and 

Habitats 
Relative amount None 

More than Alt. 3 expected 
due to fewer protections in 

place 

Less than Alt. 2 expected due to more 
protection in place 

     * The “alternatives” in this table refer to those described in the USFS DEIS and should not be confused with the 
alternatives in this VTP EIR. In the final EIS the USFS selected alternative 3 to implement on USFS lands. 
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Electrical current from power lines during prescribed fire 
Electrical power lines and oil and gas production and transmission equipment can pose special 

hazards for prescribed burns. Smoke consists of carbon particles, which can conduct electricity. If 
the concentration of carbon is high enough, an electrical discharge from the line to the ground can 
occur. By properly coordinating the location of the burn with the wind direction or by lighting the 
fire parallel to the line, no major smoke buildup can occur. 

When working below power lines with water hoses, extreme care must be taken to keep water 
streams out of overhead lines as water will conduct electricity and the water stream will act as a 
conductor. 

Tires, munitions, and non-biodegradable refuse, litter, trash and debris 
While not necessarily hazardous, vegetation treatments may also produce or encounter non-

biodegradable refuse, litter, trash and debris. Under some circumstances, these materials can have 
an adverse impact on fish or wildlife. When discovered as part of timber operations under the 
Forest Practice Act, the Forest Practice Rules (14 CCR 914.5 (b), 934.5 (b), 954.5 (b)) require that 
such materials be disposed of concurrently with conduct of timber operations. Rules covering VTP 
are silent on this matter.  

4.16.3 Worker Safety and Environmental Toxicity of Hazardous Materials 
See Section 4.17 Herbicides, for a discussion of environmental toxicity and human toxicity for 

the most commonly used herbicides. 

Worker Safety 
Occupational safety standards exist in federal and state statutes to minimize worker safety risks 

from both physical and chemical hazards in the work place. The California Division of Occupational 
Safety and Health (Cal OSHA) and the federal Occupational Safety and Health Administration are the 
agencies responsible for assuring worker safety in the workplace. Cal OSHA assumes primary 
responsibility for developing and enforcing standards for safe workplaces and work practices (OSHA 
1985). These standards would be applicable to both construction and operation. VTP practices are 
subject to such standards.  

Sometimes worker and environmental safety are intertwined. For example, as mentioned 
earlier, the Federal Clean Water Act, as amended, Title 40 CFR Parts 110 and 112, details guidelines 
that are required for handling hazardous substances. These are depicted in CAL FIRE’s Spill 
Prevention Control and Countermeasure Plan (SPCC) as well. Some of the guidelines that are 
contained in the Act are as follows: 

• All storage containers, whether they are temporary or permanent must have a secondary 
storage container that holds 110% of the capacity of the primary storage unit. 

• Incompatible materials will not be stored in the same container. 

• Pesticide mixing, loading, and equipment cleaning sites should be confined to an area 
where any spillage can be contained until cleanup. 
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• Appropriate clean up materials must be located within close proximity to the area that is 
used for handling and mixing the chemicals.  

• A Professional Engineer must certify the SPCC. 

The Department of Forestry Management Plan (DFMP) incorporates Forest Practice Rule 
standards regarding the safe handling of hazardous materials. The specific Forest Practice Rules 
(FPR; Forest Practice Rules 2004 2012) are summarized as follows: 

• Temporary fuel storage containment areas and setbacks from streams 

• Handling of fuels and proper maintenance and inspection of equipment to ensure no 
leaks 

• Reporting of accidental spills 

• Handling of pesticides/herbicides 

The VTP program incorporates Forest Practice Rule standards regarding the safe handling of 
hazardous materials. The specific Forest Practice Rules (FPR; Forest Practice Rules 2004) are 
summarized as follows: 

• Temporary fuel storage containment areas and setbacks from streams 

• Handling of fuels and proper maintenance and inspection of equipment to ensure no 
leaks 

• Reporting of accidental spills 

• Handling of pesticides / herbicides 

• Emergency response plans for accidental spills 

• Prohibition against allowing petroleum products to enter a watercourse. (Article 6 § 
916.3) 

• Prohibition on the servicing of equipment used in timber operations in a manner or 
location which would allow grease, oil, or fuel to pass into lakes or watercourses (Article 
4 § 914.5) 

Gauging Environmental and Health Toxicity 
Several frameworks apply to gauging the environmental and health toxicity of hazardous 

materials used in VTP projects. At the State level, these include efforts of the California Office of 
Environmental Health Hazard Assessment under Proposition 65 and other mandates and the 
California Department of Pesticide Regulation with its focus on pesticide assessment. For example, 
CAL FIRE and its contractors seek to utilize only those retardant products that do not contain any 
chemicals, chemical compounds, or by-products which are listed on the California Office of 
Environmental Health Hazard Assessment’s current “Proposition 65 Chemicals List” (Section 8401.1 
Wildland Fire Chemicals Handbook). 

At the federal level, the Environmental Protection Agency (EPA) has significant authority over 
hazardous materials testing. Under the Resource Conservation and Recovery Act, EPA has set 
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standards to reduce organic air emissions from some hazardous waste management activities. 
Under the Federal Food, Drug, and Cosmetics Act (FFDCA), EPA may require testing of all pesticide 
chemicals and any other substance that may have an effect that is cumulative to an effect of a 
pesticide chemical if it determines that a substantial population may be exposed to the substance. 
Under the Safe Drinking Water Act, EPA can mandate testing of any substance that may be found in 
sources of drinking water if EPA determines that a substantial population may be exposed to the 
substance. The Federal allows EPA to have testing done of pesticides if EPA determines that more 
data are required to maintain an existing registration. EPA also can require testing of certain 
chemicals under the Toxic Substances Control Act.  
(http://ciir.cs.umass.edu/ua/Fall2003/regplan/ENVIRONMENTAL_PROTECTION_AGENCY(EPA).html) 

The significance of various processes to gauge environmental toxicity can be seen in endocrine 
disrupters. In recent years, EPA has indicated that environmental exposure to man-made chemicals 
that mimic hormones (endocrine disruptors) may cause adverse health effects in human and wildlife 
populations. Human impacts are still being documented, but wildlife impacts are better 
documented. Abnormalities in birds, marine mammals, fish and shellfish have been recorded in the 
United States and elsewhere which have been linked to specific chemical exposures. The evidence 
was sufficient for EPA to adopt a strategy that examines the basic science regarding endocrine 
disruption and also to screen to delineate which chemicals are capable of interacting with the 
endocrine system. (http://cir.cs.umass.edu/ua/Fall2003/regplan/ENVIRONMKENTAL_PROTECTION_ 
AGENCY(EPA) .html) 

The Center for Biological Diversity filed a lawsuit against EPA alleging that it violated the 
Endangered Species Act when it registered pesticides for use in California without considering 
potential impacts on the California Red-legged Frog. In September 2005, a court ruling found in 
favor of the Center. In a proposed settlement, use of 66 pesticides at issue would be canceled in all 
aquatic and upland critical areas for the frog – as well as certain other aquatic features. EPA must 
test 66 of the most toxic and persistent pesticides for their impact on the Frog. EPA would have to 
consult with the US Fish and Wildlife Service. If pesticides are found to harm or jeopardize the frog, 
EPA would have to restrict or cancel use of the pesticides. The review period would last 3 years. 
(http://actionnetwork.org/campaign/red_legged_frog) 

Another example of federal agency steps to review toxicity of materials is the US Forest Service in its 
use of retardants. The U.S. Forest Service, the Bureau of Land Management and other federal 
agencies, along with CAL FIRE and their contractors only use retardants, foams and water enhancers 
that have been evaluated and meet US Forest Service requirements (http://www.fs.fed.us/rm/fire/ 
wfcs/index.htm). The Forest Service evaluation covers requirements with regard to mammalian 
toxicity as well as skin and eye irritation tests. They also provide for testing of environmental impact 
of retardants. (http://www.fs.fed.us/rm/fire/documents/envissu.pdf). The types of possible 
environmental impacts from retardants, foam, and water enhancers are listed on Table 4.16.2. 
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Table 4.16.2   
Types of Environmental Impacts from Retardants, Foam and Water Enhancers 
Category Ingredients Types of possible environmental impacts 
Long term retardant Fertilizer, ammonia, 

and phosphate 
• Can cause temporary burn or kill plants 
• Nitrates can contaminate forage and harm 

animals 
• Ammonia concentration in water can kill or harm 

fish and other aquatic organisms 
Foam Concentrates are 

strong detergents 
Surfactants 

• Possible mild to severe eye irritation 
• In water, can interferes with fish ability to 

absorb oxygen 
Water Enhancer Highly absorbent 

polymers 
• Make ground conditions slippery 
• Can lead to deterioration of old wood, such as 

historic structures 

4.16.4 Other Concerns 
Woody debris and slash 

Removal of vegetation as part of a VTP can create woody debris and slash which can increase 
wildfire risk and pest vulnerability of a site. In the case of the existing Forest Improvement Program 
(14 CCR 1545.4), the standard approach is to treat slash by chipping, piling and burning, burying, 
lopping or otherwise removing. Some limitations are placed on burning, but other disposal methods 
can still be used.  

Spread of invasive species 
Invasion of non-native species to forest and rangelands is a significant issue. There are 

circumstances where VTP projects could foster spread or reseed of weed species. One such 
circumstance is the movement of seed by mechanized equipment or in the coat or excrement of 
grazing animals, especially in combination with extensive soil disturbance. Prevention steps can 
include limiting weed seed dispersal, minimizing soil disturbance and properly managing desirable 
vegetation – especially helping grasses be vigorous and competitive with weeds. Approaches to 
grazing can rotate livestock to foster plant recovery before the area is regrazed. This also 
encourages litter accumulation, which is needed for nutrient recycling and reestablishing desirable 
plant species. Limits also can be placed on driving vehicles and machinery through weed infestations 
and requiring the washing the undercarriage of vehicles and machinery after driving from 
infestations to an uninfested area.  
 (http://www.montana.edu/wwwpb/pubs/mt9504.html) 
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4.17 Herbicides  

4.17.1 Introduction 
We propose to use a subclass of pesticides referred to as “herbicides.” Herbicides are used in 

forestry to control brush and grasses and are primarily used for maintenance of areas that have 
been previously cleared of heavy vegetative fuels. The periodic application of herbicides inhibits or 
slows the regrowth of vegetation. The initial application of herbicides is commonly done shortly 
after the removal of heavy fuel because the cutting and/or burning of many plant species 
accelerates vegetative regrowth and/or facilitates germination of seed stored in the soil. In some 
instances it is beneficial to perform a treatment on certain species before cutting in order to avoid 
the rapid re-sprouting and increased amounts of herbicides. In addition, on timberlands herbicides 
are commonly used for site preparation, conifer release, and weed control (Shepard et al., 2004). 
This section describes the types and uses of the most commonly used herbicides in forest and range 
lands, and the potential effects on these environments. 

With the exception of the no-herbicide alternative, California Department of Forestry & Fire 
Protection (CAL FIRE) anticipates the possible use of herbicides, including any associated additives 
or surfactants, and one fungicide as part of the Vegetation Treatment Program (VTP). See Section 
5.17 for a listing of specific herbicides that are proposed for use with VTP projects. Table 14.17.9 
provides a list of known adjuvant (e.g. additions to the herbicide) ingredients that are common in 
commercial herbicide formulations, or are commonly added to formulations just prior to application 
in forest and rangeland settings. This list represents adjuvants that have been known to be used in 
forestry applications in California. The list is not intended to be exhaustive, particularly given that 
the U.S. EPA encourages chemical companies to release inert ingredients information on product 
labels, but manufacturers are not required to do so for proprietary reasons. New products are 
regularly being developed with formulations and application techniques that provide for better 
control and improved environmental toxicology profiles. For these reasons, in the future, there may 
be additions or deletions to the list of herbicides considered for use as part of the VTP. 

Information on herbicide use and cautions are available on the herbicide product’s specific label 
and Material Safety Data Sheet (MSDS). The California Environmental Protection Agency (CAL EPA), 
Department of Pesticide Regulation (CDPR), maintains a searchable database of pesticide product 
information (www.cdpr.ca.gov/docs/label/m4.htm), as does the National Pesticide Information 
Center (http://npic.orst.edu/) and the Extension Toxicology Network (EXTOXNET) 
(http://extoxnet.orst.edu/). The U.S. Forest Service has compiled information on herbicides used in 
wildlands (http://infoventures.com/e-hlth/pestcide/pest-fac.html) as well as technical risk 
assessments at http://www.fs.fed.us/foresthealth/pesticide/risk.shtml. Additional toxicology 
information may be acquired through database search engines, such as TOXLINE (produced by U.S. 
National Library of Medicine) or PubMed. 

Potential for Environmental Exposure 
The application of herbicides will occur predominately on private forest and range land, and 

potentially on some public lands (i.e. state forests and parks), with similar treatments by federal 
agencies on public lands. While public exposure is likely to be limited there may be risk to nearby 

http://www.fs.fed.us/foresthealth/pesticide/risk.shtml
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residents and other members of the public such as forest visitors and recreational users that may be 
exposed through accidental overspray or herbicide drift. It is not anticipated that aerial application 
will be used under the VTP, but if it is applied it could be of concern on immediately adjoining public 
use or residential lands. Where herbicide runs off or enters the groundwater, it has the potential to 
contaminate public water supplies and affect populations remote from the site of application. 
Groundwater contamination from pesticides has been a problem in many agricultural areas. Finally, 
for persistent or bioaccumulative herbicides, the public could be exposed to residual contamination 
through consuming meat of herbivores or fish exposed to herbicides directly or through diet. 
Additionally, humans could potentially be exposed to herbicides by consuming or handling 
vegetation.  

The environment that is potentially affected by herbicide applications are the forests and range 
lands of California as described in Chapter 1 of the PEIR. This area includes a broad range of 
landscapes and is characterized by diverse plant and wildlife species, as well as a wide variety of 
habitat types (see Biological Resource section for a detailed discussion).  

4.17.2 Regulatory Framework 
In California, both national and state agencies regulate the use of pesticides. The national law 

that is the regulatory framework regarding the efficiency, registration, sale and use of all pesticides, 
including herbicides, is the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). The U.S. 
Environmental Protection Agency (EPA) is the agency that nationally administers FIFRA regulations, 
with the objective of protecting human health and the environment. FIFRA does not fully preempt 
state law, so state and local agencies may also regulate the use of pesticides (http://www.epa. 
gov/agriculture/lfra.html). Thus, pesticides are regulated nationally by the U.S. EPA, and by state or 
local agencies, such as the California Department of Pesticide Regulation (CDPR) and county 
agricultural commissioners. 

All new pesticides must be registered with the U.S. EPA, and when registered are very specific 
regarding uses, chemical quantity, the site types, and other information to be followed on the label. 
Most pesticides are usually registered on the basis of a single chemical ingredient, which has 
properties that control or eliminate particular target pest species (http://www.epa.gov/pesticides/ 
fees/tool/resources/active_ingredient.htm). Such a chemical is referred to as an ‘active ingredient’ 
or a.i. When the chemical manufacturer applies for registration of an a.i., extensive human health, 
floral, faunal and environmental toxicity data will be supplied by manufacturers to the U.S. EPA as 
part of the application. Once manufacturers are granted a.i. registration, the U.S. EPA must be 
notified whenever there is new evidence reflecting potential adverse health or environmental 
effects (see 40 CR 158 for data requirements). Pesticides must be registered by both the U.S. EPA 
and the state of proposed use before the pesticide can be distributed (http://www.epa.gov/ 
pesticides/regulating/index.htm). 

There are other types of pesticide registration that deserve mentioning in addition to those that 
are used for new a.i.’s. (http://www.epa.gov/pesticides/bluebook/chapter2.html#newuse). Once 
registered, the initial product containing the registered a.i. can be altered by the registrant to create 
new formulations in several ways, such as changing ingredient concentrations, or adding new ‘inert’ 
ingredients. These new chemical formulations may be created to improve efficacy or effectiveness 

http://www.epa.gov/agriculture/lfra.html
http://www.epa.gov/agriculture/lfra.html
http://www.epa.gov/pesticides/%20fees/tool/resources/active_ingredient.htm
http://www.epa.gov/pesticides/%20fees/tool/resources/active_ingredient.htm
http://www.epa.gov/%20pesticides/regulating/index.htm
http://www.epa.gov/%20pesticides/regulating/index.htm
http://www.epa.gov/pesticides/bluebook/chapter2.html#newuse
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of the a.i. at eradicating targeted species, or aim to lessen impacts on non-target species and/or the 
environment compared to the original formulation. A new use may also be found for the initial 
product that is not on the label, and thus a new use registration application is required. The amount 
of new human, faunal, floral, and environmental toxicity data required to be submitted by 
registrants for a new product using a registered a.i. is dependent on similarities and differences in 
the new formulation. 

California Department of Pesticide Regulation (CDPR)  
The California Department of Pesticide Regulation (CDPR) regulates pesticide registration, sales 

and use to protect human health and the environment. CDPR provides further oversight that 
includes product evaluation, environmental monitoring, residue testing of fresh produce, and local 
use enforcement through County Agricultural Commissioner offices (CACs).  

Before a pesticide can be possessed, sold, or used in California, the pesticide must be registered 
by CDPR. CDPR builds upon the existing EPA label and may add additional restriction, but cannot 
remove or diminish EPA requirements. Prior to registration, CDPR's staff reviews each pesticide to 
ensure that it meets stringent standards, as prescribed in the laws (Food and Agricultural Code) and 
regulations (California Code of Regulations) governing pesticides in California. The law requires 
manufacturers to submit tests and toxicological studies of pesticides to CDPR staff for evaluation. 
Reviews include, but are not limited to, the chemical properties of the product, intended use 
patterns, potential human health effects, and environmental fate of the product. Based on the 
evaluation CDPR will determine if the pesticide can be registered for use in California. The laws and 
regulations governing the possession, sale, and use of pesticides are enforced by CDPR in 
cooperation with the office of the county agricultural commissioner (CAC) within each county. CACs 
are the primary local enforcement agents for pesticide laws and regulations in California. See CDPR 
(2001; www.cdpr.ca.gov) for additional information on pesticide regulation in California. 

Under state and federal law, only certain herbicide formulations are approved for use in 
forestry and range. In California, herbicide application involving restricted use pesticides for 
commercial use requires a permit and a written recommendation of a licensed pest control advisor 
(PCA) and must be done under the supervision of licensed Pest Control Operator. Non-restricted use 
pesticides only require a PCA recommendation. Herbicide use is inspected by and reported to the 
CAC. These measures are intended to ensure that the application of herbicides is done correctly 
according to federal and California state regulations.  

In some cases individual products, such as multiple a.i.'s, specific carriers, and/or adjuvants are 
combined by herbicide handlers to provide a “tank mix” designed for a specific vegetation control 
problem. Herbicide mixtures that include surfactants or other adjuvants are not tested as part of 
the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) evaluation process, and these types 
of unregulated chemical changes created in a tank mix may increase toxicity. Potentiation lowers 
pest tolerance to one or more of the mixture ingredients. Synergism occurs if the toxicity of the 
mixture is greater than the sum of its parts (see Section 4.17.4, Prevalent Public Issues Relating to 
Herbicide Application, Synergistic toxicity). Lastly, a coalescence effect occurs if the response to the 
combined chemicals differs from the effects of any ingredient individually, resulting in a different 
mode of action. The toxicity of mixed ingredients may also be decreased when combined. For 

http://www.cdpr.ca.gov/
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example, antagonistic effects occur when combined materials reduce the effect of one or more 
component, and varying levels of deactivation can occur before a mixture is applied. 

Wildlife Protection 

The Federal Endangered Species Act (ESA) and the California Endangered Species Act (CESA) 
makes it unlawful to harm any plant or animal listed by the Fish and Wildlife Service (FWS) as 
endangered or threatened. The EPA, in cooperation with the USDA and the FWS, developed an 
Endangered Species Protection Program to protect listed species from harmful effects of pesticides. 
Under the program, pesticide use can be restricted in areas where endangered species are likely to 
be exposed. 

For example, protection was added in 2006 for California Red-legged Frog (CRLF). Under a court 
injunction no use buffer zones were established around critical habitat areas for CRLF. For additional 
information see http://cdpr.ca.gov/docs/endspec/rl_frog/index.htm.  

Water Quality Protection 

The Clean Water Act protects the nation’s waterways from both point and non-point pollution. 
The State of California and the nine Regional Water Quality Control Boards (RWQCB) have entered 
into a management agreement with CDPR such that the department serves as the lead agency for 
pesticide regulation and will take into account water quality information provided by the regional 
boards. If a water quality problem arises, the agreement defines the process for RWQCBs to go 
through the CDPR to provide additional protection. The regional boards could also amend the basin 
plan and require monitoring. Under the Porter-Cologne Water Quality Control Act, the boards can 
require reporting of waste discharge.  

According to the Ninth Circuit Court of Appeals, the application of pesticides over or onto 
waters of the United States, or onto aquatic plants growing in waters of the United States, is 
considered a direct discharge of pollutants and requires coverage under a National Pollutant 
Discharge Elimination System (NPDES) permit. See the RWQCBs web site for additional information 
on NPDES permits (http://www.waterboards.ca.gov/npdes/aquatic.html). 

Air Quality Protection 

Pesticides are one of many sources Volatile Organic Carbons (VOCs) that can contribute to the 
formation of ozone in the lower atmosphere. The Clean Air Act requires states to meet national 
standards for airborne pollutants such as ozone. Many regions in California do not meet air quality 
standards and are considered non-attainment areas. CDPR works with the Air Resources Board to 
develop and implement strategies to reduce pesticides as source of VOCs, which contribute to smog 
(CDPR, 2001). 

4.17.3 Forest and Rangeland Herbicide Use 

Forestry and Timberland Management 
Herbicide technology has steadily evolved over the last 60 years and is an integral part of 

modern forestry practices, particularly where successful commercial timber species regeneration 
and enhanced yields are sought. The list of herbicide options for forest managers has increased 

http://cdpr.ca.gov/docs/endspec/rl_frog/index.htm
http://www.waterboards.ca.gov/npdes/aquatic.html
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slowly with the addition of several new chemicals and an increase in the spectrum of plant species 
controlled. Along with changes in herbicide development and technology there has been a 
corresponding change in the management context of herbicide use in forestry. More recently, the 
development of integrated pest management concepts and increased emphasis on ecological and 
social concerns in forest management have further broadened the view of vegetation management 
concept in forestry (Wagner et al., 2004). 

Herbicides are used on timberlands to control competing and undesirable plant species and to 
allow commercially valuable species the opportunity to maximize growth. Foresters seek two types 
of herbicidal activity. Pre-emergent herbicides inhibit seed germination or reduce seedling survival. 
They are used to prevent weed species from becoming established and are applied to infiltrate the 
soil and remain active in the shallow root zone. Post-emergent herbicides kill established plants 
through translocation, so that a sufficient dose applied to a part of the plant will kill, or inhibit 
growth in the entire plant. Thus post-emergents are applied to the foliage, to the basal stem, to frill 
cuts on the stem of larger hardwood (“hack and squirt”), or to the stump of cut vegetation to kill the 
root and prevent sprouting. Aerial herbicide application is sometimes used where broadcast 
treatment is required to control competition from brush and undesirable species over large areas. 
For vegetation control following tree removal it is common for both a soil active pre-emergent 
herbicide and a foliar post-emergent herbicide to be mixed and applied at the same time. The post-
emergent kills established weeds, and the pre-emergent has residual activity throughout the rest of 
the growing season. When working where conifer sprouts or seedlings are present, the application 
is done by hand with a backpack sprayer used to target weeds and avoid young trees. Where brush 
and non-commercial hardwoods such as tan oak and madrone have become established, 
reconversion to conifers requires a different technique. Small shrubs can have a post-emergent 
herbicide applied to the basal bark, while larger trees are frilled or cut and stump treated.  

Range Management 

Rangelands cover approximately 50 million acres in California (CAL FIRE, 2003). Rangeland 
includes land in which the native vegetation is predominantly native grasses, grass-like plants, forbs, 
or shrubs. This incorporates a variety of landscapes including grasslands, savannas, shrub lands, and 
some desert environments. The use of herbicides is undertaken as part of a weed management 
strategy to eliminate invasive or non-desirable forage plants. A key objective in weed management 
is to maintain the productivity of rangelands while minimizing the impact and occurrence of weeds. 
For weed management on rangelands only a small number of commercially available herbicides are 
commonly used (see Table 4.17.9). 

Wildlife Habitat Management 
All of the tools currently available to managers of plant community succession have the 

potential to improve or degrade wildlife habitat quality depending on the objectives, extent, and 
intensity of application. Herbicides can be an efficient and cost effective tool for the manipulation of 
wildlife habitats (Miller and Miller, 2004). Modern silvicultural herbicides are designed to target 
biochemical processes unique to plants and exhibit a low level of toxicity to animals (Tatum, 2004). 
Manual spot application and stem injection can accurately control herbicide placement and amount 
with little risk of non-target effects (Shepard et al., 2004).  
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Native plant community restoration efforts as a result of exotic and invasive species expansion 
are another avenue for herbicide application. Herbicide use in conjunction with other control 
mechanisms (manual or biological, as appropriate) are valuable tools for the control of exotic 
species; a use recognized by leading conservation organizations such as The Nature Conservancy 
and the Audubon Society (Williams, 1997). 

Herbicides Used 
The following section provides a description of the most commonly used herbicides for use in 

forestry and rangeland management. Table 4.17.9 provides a list of the most common commercially 
available herbicides (active ingredient and adjuvant) for both forest and range lands. 

GLYPHOSATE  
Glyphosate is a non-selective post-emergent herbicide used in the control of grasses, weeds, 

and brush. It is usually applied to foliage, but may also be used on freshly cut stumps for brush 
control. There are now other glyphosate formulations registered for use in California including 
labels for aquatic use and formulations with different adjuvants. Glyphosate is used to control 
grasses, herbaceous plants including deep-rooted perennial weeds, brush, and some broadleaf trees 
and shrubs. Timing of application is critical for effectiveness on some broadleaf woody plants and 
conifers. It is applied to foliage and rapidly moves through the plant phloem. It acts by preventing 
the plant from producing an essential amino acid. It also may be used as a cut stump, injection, or 
frill application directed to the cambium. The two most widely used formulations are Roundup® 
(41% isopropylamine salt of glyphosate and inert ingredients) and Rodeo® (53% isopropylamine salt 
of glyphosate and inert ingredients).  

TRICLOPYR 
Triclopyr has activity as a synthetic auxin, a mimic of a naturally occurring plant hormone, and is 

used to control perennial broadleaf weeds and brush. Depending on the form of the active 
ingredient, triclopyr is formulated as either triethylamine salt (e.g. Garlon 3A®) or as a butoxyethyl 
ester (e.g. Garlon 4®) Triclopyr is a selective herbicide that is absorbed by foliage and roots and then 
spreads throughout the plant. It is used to control woody plants and broadleaf weeds on rights-of-
way, non-crop areas, forests, wildlife openings, and other areas. Triclopyr has little effect on 
grasses. Triclopyr is applied by ground or aerial foliage spray, basal bark and stem treatment, cut 
surface treatment, and tree injection.  

2,4-D (2,4-DICHLOROPHENOXYACETIC ACID) 
2,4-D is a systemic herbicide with auxin like activity used to control many types of broadleaf 

vegetation. It is widely used in the United States for the control of woody species such as willow, 
alder, sumac, and sagebrush. In forestry, herbicide formulations containing 2,4-D are commonly 
used in wildlife openings, rights-of-way maintenance, and noxious weed control (U.S. Forest Service, 
2006). Many different formulations, including esters, amines, and salts of the primary acid, are 
prepared for use in the field and sold by several manufacturers. In general herbicides formulated 
with 2,4-D esters have higher concentrations of 2,4-D than do herbicides formulated with 2,4-D salts 
(U.S. Forest Service, 2006). Variations in these formulations affect toxicity, mobility, volatility, and 
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persistence to some degree. More than one form is used for rangeland and forests (2-ethylhexyl 
ester, butoxyethanol ester, dimethylamine salt, and isooctyl ester). 

ATRAZINE 
The use of atrazine is not anticipated as part of the VTP, but its effects are discussed here 

because it has been used on forest lands in California.  

Atrazine is one of the most commonly used herbicides in the United States. It is used as a pre-
emergent herbicide primarily in agricultural crops and non-selectively on rights-of-way, forest and 
range land sites. Atrazine is applied to the soil or to run off onto the soil. Often used under the 
formulation name AAtrex 4L, and AAtrex Nine-O, in forestry it has the effect of a short-duration pre-
emergent herbicide and is also tank mixed with Garlon or Roundup.  

SULFOMETURON METHYL 
Often formulated as Oust® XP, sulfometuron methyl is used on non-crop areas for nonselective 

weed control as a broad spectrum pre- and post-emergent herbicide (Table 4.17.1). The herbicide is 
used for general weed control on forest lands. Pre-emergence treatments control or suppress 
weeds through root uptake, and post-emergence treatments control via root and foliar uptake. 
Sulfometuron methyl acts to suppress amino acid synthesis in plants by inhibiting the plant enzyme 
acetolactate synthase, particularly in growing tips, roots, and shoots. It is applied to the soil at 
extremely low rates and has moderate to long persistence. Sulfonylureas are potent herbicides; 
thus, they are used at much lower rates than other herbicides. 

Table 4.17.1   
Herbicide Products Names that Contain Sulfometuron-Methyl and have been documented by Dept. 
of Pesticide Regulation as being used on Forest Lands in California 
E.I. Du Pont De Nemours & Co. Sulfometuron-Methyl  F Du Pont Oust XP Herbicide (352- 601-AA) 
E.I. Du Pont De Nemours & Co. Sulfometuron-Methyl  F Dupont Westar Herbicide ( 52- 626-AA) 
Riverdale Chemical Company Sulfometuron-Methyl  F Riverdale Spyder Herbicide (228- 408-Aa) 

HEXAZINONE 
Hexazinone is an herbicide that is used to control grasses and broadleaf plants and many shrub 

species. It is generally applied in late summer or fall. The granules dissolve following rainfall and the 
active ingredient moves into the root zone. Hexazinone is used to release conifers from competing 
vegetation and non-selectively for the control of weeds and woody plants. Because it can be applied 
directly in granular form, it is more economical than some alternatives. The most commonly used 
forest management formulation is Velpar®. Velpar may be used as either a pre- or post-emergent 
foliar spray during active plant growth. Because redwood is particularly sensitive to hexazinone, it is 
not usually used in the coastal part of Humboldt County (Paul Holzberger, Humboldt County 
Agriculture Department, Personal communication, September 18, 1998). 

IMAZAPYR 
Imazapyr, isopropylamine salt, can be applied to establish and maintain wildlife openings, to 

prepare sites for reforestation, and to release conifers from competing vegetation (SERA, 2004). It 
also provides control of many annual and perennial weeds including grasses, broadleaf plants, vines, 
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brambles, brush, and trees. Two commercial formulations are often used in forest management, 
Arsenal and Chopper. Arsenal is most commonly used for industrial and rights-of-way use and other 
forest management practices. Chopper is used for cut stump, basal bark, and frilling use. Imazapyr’s 
mode of action inhibits acetolactate synthase. Plant death results from disruption of biosynthesis of 
branch chained amino acids (Kamrin, 1997). The compound may be used as either a pre- or post-
emergent. Post-emergent use is preferred for the control of perennial species. For maximum 
herbicidal activity, weeds should be growing at the time of application. Depending on the species, 
the rate of application ranges from 2 to 6 pints/acre. Arsenal is mixed with water; Chopper is mixed 
with diesel fuel or water.  

Table 4.17.2  
Herbicide Products Names that contain Imazapyr-Isopropylamine Salt and have been documented 
by Department of Pesticide Regulation as being used on Forest Lands in California. 

BASF Corporation IMAZAPYR, ISOPROPYLAMINE SALT F 
ARSENAL HERBICIDE APPLICATORS  
CONCENTRATE ( 241- 299-ZA ) 

BASF Corporation IMAZAPYR, ISOPROPYLAMINE SALT F CHOPPER HERBICIDE ( 241- 296-ZB ) 

BASF Corporation IMAZAPYR, ISOPROPYLAMINE SALT F STALKER HERBICIDE ( 241- 398-ZA ) 

Riverdale Chemical Company IMAZAPYR, ISOPROPYLAMINE SALT F POLARIS AC HERBICIDE ( 241- 299-AA- 228) 

Riverdale Chemical Company IMAZAPYR, ISOPROPYLAMINE SALT F POLARIS SP HERBICIDE ( 241- 296-AA- 228) 

CLOPYRALID 

Clopyralid, monoethanolamine salt is commonly used as Transline®, primarily for control of star 
thistle in wildland settings in California. Application is typically by hand, but it is registered for aerial 
application as well. It is licensed in California for control of thistles on forested sites and for selective 
control of weeds and woody plants on rangeland, non-cropland areas, rights-of-way, and other 
sites. Clopyralid is absorbed by the leaves and indirectly via the roots of the weed and moves rapidly 
through the plant. It affects plant cell respiration and growth. It has little effect on grasses, 
members of the mustard family (Brassicaceae), and several other groups of broad-leaved plants. 
Clopyralid controls many annual and perennial broadleaf weeds, particularly those of the plant 
families Asteraceae (Aster), Fabaceae (Pea), Solanaceae (Nightshade), Polygonaceae (Buckwheat), 
and Violaceae (Violet). 

Fungicides Used 

BORAX 

Borax is a fungicide applied directly to tree stumps to prevent heterobasidion root disease. The 
treatment of stumps with borax is to prevent fungus spores from gaining entrance into the stump. 
The application rate on private forest lands is not well documented, but application rates on USFS 
lands range from 0.1 lb/acre to 1.87 lb/acre. The following descriptions of the environmental fate 
and potential effects on human and wildlife are largely based upon risk characterization studies 
conducted by the USFS (SERA, 2006). 

4.17.4 Prevalent Public Issues Relating to Herbicide Application 
Public concern about the toxicity of herbicides and other chemicals potentially used in forest 

and range land applications centers on the effects on non-target organisms (Guynn et al., 2004; 
Tatum, 2004). Non-target toxicity is evaluated and regulated by the U.S. EPA under the Federal 
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Insecticide Fungicide and Rodenticide Act (FIFRA). Prior to herbicides being licensed for sale and 
use, information is gathered regarding toxicity to animals and non-target plants, herbicide mobility 
and dissipation in soils and in water, and residues in soils, food crops, and livestock (Shepard et al., 
2004). “Literature reviews on the direct, acute effects of herbicides on wildlife have concluded that 
at recommended rates and normal use scenarios, herbicides used in forest management operations 
pose little if any acute toxicity hazard to wildlife, are not mutagenic or oncogenic, and are rapidly 
eliminated from animal systems once ingested/absorbed.” (Shepard et al., 2004). The following are 
public issues of concern: 

• Pesticides in Surface Water or Groundwater: The U.S. Geological Survey (USGS) monitors 
pesticides in groundwater and surface water as part of the National Water Quality 
Assessment Program. Although surveys conducted by USGS found that trace levels of 
agricultural pesticides were commonly found in ground and surface water samples, 
concentrations rarely were in excess of standards for drinking-water (U.S. Geological Survey, 
1999). Few forest herbicides have been found in these surveys (Shepard et al., 2004). 

• Herbicide Testing Methods: The public and some members of the scientific community have 
criticized the herbicide testing methods conducted under FIFRA. Principally, concerns center 
on the applicability of test results from the reaction of a single or small group of species to 
that of complex ecosystems, the effect of adjuvants or ingredients designated as “inert” 
primarily because these chemicals are not active towards the target pest, the greater than 
additive toxicity when two or more herbicides are mixed prior to application (Shepard et al., 
2004), or the potential for herbicides to act as endocrine disrupters.  

• Environmental Effects of Surfactants: In 1987, the U.S. EPA instituted a policy requiring 
herbicide manufacturers to consider the long-term health and environmental effects of inert 
ingredients. Surfactants (adjuvants that act as surface active agents, increasing absorption 
into or sticking on to target surfaces) can have varying levels of toxicity and usually are not 
included in FIFRA testing.  

• Synergistic Effects of Herbicide Mixtures: Herbicides used in forest vegetation management 
are often applied in a mixture of two or more herbicides and associated adjuvants. 
Synergistic toxicity (toxicity is greater than the sum of the parts) is the most difficult to 
assess given the multiple pathways by which synergism may occur (Tatum, 2004). Herbicide 
mixtures that include surfactants or other adjuvants are not tested as part of the FIFRA 
evaluation process. These mixtures could result in synergistic toxicity (toxicity of the mixture 
is greater than the sum of its parts). Synergistic toxicity has been found at low levels for a 
50:50 mixture of atrazine and alachor to American toads (Bufo americanus) but the 
occurrence is rare (Howe et al., 1998 fide Shepard et al., 2004). Mixtures of these herbicides 
on benthic and algal communities produced an additive effect and not a synergistic one 
(Carder and Hoagland, 1998 fide Shepard et al., 2004). 

• Toxicity of Surfactants: Public concern has arisen over the toxicity of surfactants compared 
to the active ingredient used in herbicide mixes. A major qualitative difference between the 
effect of glyphosate and glyphosate formulations on aquatic and terrestrial organisms 
concerns a polyethoxylated tallow amine surfactant (POEA) that is commonly used in 
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Roundup. For aquatic organisms, the surfactant is much more toxic than glyphosate. Unlike 
glyphosate, POEA is more toxic in alkaline water than in acid water. Thus, the relative 
potency of POEA with respect to glyphosate is pH dependent. There is relatively little 
information regarding Roundup Pro, a formulation of glyphosate that contains a phosphate 
ester neutralized polyethoxylated tallow amine surfactant. Nonetheless, the available data 
suggest that this formulation is quite similar to Roundup. There is an extensive amount of 
literature on glyphosate specifically (Boerboom and Wyse, 1988; SERA, 1997; Cranmer and 
Linscott, 1991; Sherrick et al., 1986) and many other compounds (Green et al., 1992) 
indicating that the addition of surfactants can greatly enhance the phytotoxicity of 
herbicides (SERA, 1997).  

• Drift and Environmental Contaminants: Recent research has raised concerns that pesticide 
use in the Central Valley can drift into the mountains and over time concentrations 
accumulate in mountain lakes and subsequently in the tissues of amphibians. It further 
suggested that these atmospheric inputs from agricultural areas are at least partially 
responsible for declining amphibian population in the Sierra (Fellers et al., 2004). 

• Impacts to Aquatic Habitat, Wildlife Habitat and Biodiversity: The use of herbicides along 
with other vegetation management treatments have the potential to enhance or degrade 
wildlife habitat depending on the management objectives. Miller and Miller (2004) reviewed 
studies in southern United States and found most impacts to habitat and biodiversity were 
temporary.  

4.17.5 Adjuvants, Diluents, Marker Dyes, and Other Colorants  
The following discussion is excerpt from an USDA report on Mark Dyes (SERA, 1997). The entire 

report is available on-line at:  
http://www.fs.fed.us/foresthealth/pesticide/pdfs/091602_markerdyes.pdf  

The use of any agent—herbicides, dyes, surfactants, or other additives—may pose some 
level of human risk. The use of dyes may also have beneficial consequences. For example, 
dyes will discolor the treated vegetation, making it less likely that an individual will 
inadvertently or intentionally consume contaminated vegetation. Moreover, the use of dyes 
in a herbicide formulation could assist workers in limiting their exposure to the dye/herbicide 
formulation. In other words, the presence of a dye in the applied formulation will make it 
easier for workers and supervisors to recognize when exposure has occurred, which, in turn, 
could facilitate prompt remedial action. 

Not withstanding these potential benefits, the colorants or other components in the dyes 
may pose additional risks to humans and wildlife. The assessment of these risks is severely 
limited by the proprietary nature of dye formulations. For most of the available dyes, neither 
the colorants nor adjuvants in the dye formulation are disclosed by the manufacturers. As 
reviewed by Levine (1996), this problem is general to the assessment of risks posed by all 
inerts in pesticide formulations. Unless the compound is classified as hazardous by the U.S. 
EPA, the manufacturer is not required to disclose its identity. This policy would not seriously 
impede the process of risk assessment if the regulation and classification of inerts involved 
rigorous testing comparable to those associated with active ingredients. That, however, is 

http://www.fs.fed.us/foresthealth/pesticide/pdfs/091602_markerdyes.pdf
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not the case. As discussed by Levine (1996), the U.S. EPA is increasing the testing 
requirements on new inerts; however, many of the inerts currently in use were not tested 
rigorously and their toxicity is not well characterized. Thus, when a colorant or other 
adjuvant in a dye formulation is not listed as hazardous and therefore not identified on the 
product label or MSDS it should not be concluded that the dye or adjuvant is not toxic. 

ADJUVANTS 
Applicators may add adjuvants to the formulation as supplied by the manufacturer. Generically 

these additives help keep the herbicide on the target, improve wetting and tissue penetration. They 
range from conventional surfactants to petroleum products, glycols, and alcohols, to the more 
recent silicone and oils. In California, adjuvants are also subject to registration, and label language 
must be followed. Surfactants are a type of adjuvant that are used to help bind the herbicide to the 
targeted vegetation primarily by breaking the natural surface tension of water-based formulas. 
Potential toxicity from surfactants is becoming an issue of public concern, because surfactants are 
not subject to the same testing requirements as active ingredients. Some studies have suggested 
that surfactants can be more acutely toxic than active ingredient in the herbicide (Tatum, 2004; 
Haller and Stocker, 2003). Some surfactants, such as POEA (Polyethoxethyleneamine), are 
considered water soluble and public concern has been raised about potential toxic effects. 

DILUENTS 

As supplied by the manufacturer, the herbicide’s active ingredient is in a concentrated form and 
is usually diluted for application. The exception is some frill and cut stump treatments where 
undiluted herbicide is applied directly to the cut surface of the stump. The most common diluent is 
water, which serves for both water-soluble and poorly soluble herbicides. Poorly soluble herbicides 
are dispersed in water with a surfactant usually provided in the commercial stock solution. For basal 
bark treatment, the oil-soluble herbicides such as triclopyr or 2,4-D will be mixed with an oil, 
commonly vegetable based, which helps the herbicide adhere to and penetrate the bark. 

4.17.6 Forestry and Rangeland Herbicides in Native Plants - Drift 

Native Americans utilize native plants for food, medicine, basket weaving, and other traditional 
uses. Community groups and some members of the general public may utilize native plants for 
similar purpose. Herbicide exposure may occur, predominately on public lands, when gathering 
plants in or adjacent to treatment areas. The Department of Pesticide Regulation (CDPR) conducted 
a forest herbicide study to determine the dissipation rates and the drift associated with herbicide 
use on National Forest lands. Four plants commonly used by Native Americans were used to 
examine the longevity of herbicide use: buckbrush shoots, golden fleece foliage, bracken roots, and 
Manzanita berries. As expected there was a declining trend in amount of herbicide in plant material 
over time. For the most part herbicides were not detectable or plant material was no longer 
available after 80 weeks (CDPR, 2002). There was minimal detection of off-site movement of 
herbicides and most residues were detected within 70 feet from the edge of the treatment area 
(Ando et al., 2002).  



 
Herbicides 

 

California Department of Forestry and Fire Protection 4.17-12 
Vegetation Treatment Program 
Draft Environmental Impact Report 

4.17.7 Current Forestry and Rangeland Vegetation Management Herbicide Use 
Current herbicide use patterns represent the environmental baseline for the proposed project. 

The following section discusses the extent of herbicide use statewide, by bioregion and provides 
countywide reports in tables at the end of this section. The information presented in this section 
can be obtained through the CDPR web site: http://www.cdpr.ca.gov/docs/pur/purmain.htm. The 
USFS also provides summaries of pesticide use on National Forest lands (http://www.fs.fed.us/ 
r5/spf/publications/ pesticide), although that use is also contained within state reports. 

The amount of herbicide use reported in the following tables and appendices includes both the 
pounds of product applied and the amount of active ingredients (a.i.) used. The a.i. represents the 
portion of the herbicide that is being applied to vegetation to remove weeds or undesired 
vegetation.  

Commercial pesticide use in California has been estimated by CDPR at 173 million pounds in 
2010. Agriculture accounts for the predominant use of pesticides, but pesticides are also applied to 
forest and range lands and other areas requiring vegetation management (Figure 4.17.1). Overall 
pesticide use varies from year to year; the amount is influenced by current pest problems, weather, 
types of crops grown, and what new chemicals become available (CDPR, 1997). The use of 
pesticides is broad based, but the most intensive application of pesticides for agricultural crops is in 
California’s Great Central Valley, the Salinas Valley, and the agricultural lands surrounding the Salton 
Sea.  

In 2010, forestry (private and public lands) accounted for 327,336 pounds of herbicide products 
applied (157,501 pounds active ingredient) on 122,509 acres of forest land. Application of pesticides 
on forest lands represents less than 1% of the estimated 173 million pounds that were applied 
statewide in 2010. The known herbicides that were reportedly used on forests in 2010 are listed in 
Table 4.17.3. The most commonly used herbicides include: Glyphosate (49%), Hexazinone (28%), 
and Imazapyr (13%).  

A total of 29,445 pounds of herbicides (10,905 pounds active ingredient) were applied to 
32,012 acres of rangelands in 2010 (CDPR, 2008). Reported herbicide use is shown in Table 4.17.4. 
The most common herbicides used on rangelands includes: 2, 4-D Dimethylamine Salt (41%), 
Glyphosate (35%), and Triclopyr (9%). There is some year to year variation is herbicide use as shown 
in Table 4.17.5., but no discernable trend.  

http://www.cdpr.ca.gov/docs/pur/purmain.htm
http://www.fs.fed.us/%20r5/spf/publications/%20pesticide
http://www.fs.fed.us/%20r5/spf/publications/%20pesticide
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Figure 4.17.1 Pesticide Use in California for all Land Uses (2010) 
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Table 4.17.3  
Forestry Herbicides (Active Ingredient and Adjuvants – 2010) 

Chemical Name  AI lbs 
Applied  

 Lbs 
Product 

Used  

 Acres 
Treated  

2,4-D, 2-ETHYLHEXYL ESTER 485 730 1,617 

2,4-D, ISOOCTYL ESTER 3,015 3,460 2,133 

ALPHA-UNDECYL-OMEGA-HYDROXYPOLY(OXYETHYLENE) 365 2,433 651 

AMINOPYRALID, TRIISOPROPANOLAMINE SALT 1 2 5 

ATRAZINE 720 1,650 215 

BACILLUS PUMILUS, STRAIN QST 2808 3 217 25 

BORAX (fungicide) 4,061 4,059 8,870 

CLOPYRALID, MONOETHANOLAMINE SALT 173 419 731 

FLUROXYPYR, 1-METHYLHEPTYL ESTER 26 57 163 

GLYPHOSATE, DIMETHYLAMINE SALT 4,196 8,381 3,806 

GLYPHOSATE, ISOPROPYLAMINE SALT 72,815 172,683 39,867 

GLYPHOSATE, POTASSIUM SALT 10 19 25 

HEXAZINONE 44,177 61,853 17,148 

IMAZAPYR, ISOPROPYLAMINE SALT 21,233 59,566 39,495 

METHYLATED SOYBEAN OIL 1,702 2,433 651 

ORYZALIN 4 10 2 

SULFOMETURON-METHYL 12 17 209 

TALL OIL FATTY ACIDS 365 2,433 651 

TRICLOPYR, BUTOXYETHYL ESTER 3,816 6,189 5,113 

TRICLOPYR, TRIETHYLAMINE SALT 322 725 1,132 

TOTAL 157,501 327,336 122,509 
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Table 4.17.4  
Range Herbicides (Active Ingredient and Adjuvants) Used During 2010 

Chemical Name  AI lbs Applied   Lbs Product 
Used  

 Acres 
Treated  

2,4-D, 2-ETHYLHEXYL ESTER 14 22 27 

2,4-D, BUTOXYETHANOL ESTER 6 21 4 

2,4-D, DIMETHYLAMINE SALT 4,426 9,457 4,927 

2,4-D, ISOOCTYL ESTER 52 60 52 

AMINOPYRALID, TRIISOPROPANOLAMINE SALT 735 5,052 8,342 

BROMACIL 8 20 10 

CARFENTRAZONE-ETHYL 5 20 1,450 

CHLORSULFURON 31 40 679 

CLOPYRALID, MONOETHANOLAMINE SALT 563 1,388 7,628 

DICAMBA, DIMETHYLAMINE SALT 7 15 36 

DIMETHYLPOLYSILOXANE 46 45 192 

DIURON 16 40 14 

FLUMIOXAZIN 1 2 9 

GLUFOSINATE-AMMONIUM 6 33 6 

GLYPHOSATE, DIAMMONIUM SALT 6 30 6 

GLYPHOSATE, ISOPROPYLAMINE SALT 3,748 8,447 3,381 

GLYPHOSATE, POTASSIUM SALT 148 323 118 

IMAZAPYR, ISOPROPYLAMINE SALT 10 37 49 

ORYZALIN 4 10 2 

OXYFLUORFEN 21 93 98 

SIMAZINE 2 2 2 

TRICLOPYR, BUTOXYETHYL ESTER 467 804 3,949 

TRICLOPYR, TRIETHYLAMINE SALT 583 3,484 1,031 

Grand Total 10,905 29,445 32,012 
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Table 4.17.5   
Trends in Pesticide Use from 2000-2010  
modified from CAL FIRE (2010; CA Dept. of Pesticide Regulation 
http://www.cdpr.ca.gov/docs/pur/purmain.htm)Lbs Applied 
note: includes herbicides, insecticides, and fungicides. 

Year Forestry Rangeland Total Statewide 
2010 280,089 13,885 173,213,823 
2009 186,205 11,902 158,168,838 
2008 236,345  21,937  161,531,155 
2007 234,833  19,476 171,879,918 
2006 258,799  12,286 187,867,887 
2005 213,752 21,911 195,263,057 
2004 218,052 24,837 180,272,161 
2003 229,134 24,543 175,127,171 
2002 264,539 22,625 172,086,290 
2001 213,981 16,351 151,124,888* 
2000 152,974 19,673 187,566,930 

4.17.8 Bioregion Summary  
Data on pesticide use from was further summarized using county-based bioregions for the 

entire state (Table 4.17.6; Figure 4.17.2). The more detailed county-based reports are provided in 
Tables 4.17.10 and 4.17.11 and list the herbicides that were used on forest and rangeland.  

The Sacramento Valley Bioregion had the highest concentration of herbicide use among all 
bioregions. Herbicide use on forest lands was concentrated mainly in the North Coast, Sierra, 
Modoc and Sacramento Valley Bioregions. These bioregions collectively accounted for 97% of all 
herbicide use on forest lands. On rangelands pesticide use occurred predominately in the Bay Delta, 
San Joaquin Valley, and Central Coast bioregions. Collectively these bioregions accounted for 84% of 
the total pesticide applied to rangelands statewide. 

At the county level, the majority of the pesticide use on forest lands occurs in just a few 
counties. Shasta, Siskiyou, Lassen, Trinity, Tehama, Butte and El Dorado counties collectively 
account for 72% of the pesticide use on private forest lands in 2010. On rangelands pesticide use 
was most concentrated in the following counties: Sonoma, San Luis Obispo, Merced Tulare, Santa 
Barbara, Solano, Fresno and Tulare. Collectively, these counties accounted for 80% of the pesticide 
use on rangelands in 2010.  

 

 

 

 

 

 

 

http://www.cdpr.ca.gov/docs/pur/purmain.htm)Lbs
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Table 4.17.6  
Summary of Herbicide Use on Forest and Rangelands for 2010 

BIOREGION FOREST LBS 
USED 

FOREST 
ACRES 

TREATED 

RANGELAND 
LBS USED 

RANGELAND 
ACRES 

TREATED 

REGION TOTAL 
LBS USED 

REGION TOTAL 
ACRES TREATED 

BAY DELTA 76 143 2,706 13,950 2,782 14,093 

CENTRAL COAST      2,582 5,289 2,581 5,289 

COLORADO 
DESERT          0 0 

MODOC 22,043 11,858 26    22,043 11,858 

MOJAVE     41 116 41 116 

NORTH COAST  31,284 64,243 110 299 31,395 64,542 

SACRAMENTO 
VALLEY  63,909 103,227 720 1,713 64,629 104,940 

SAN JOAQUIN 
VALLEY  786 1127 3,802 9,925 4,728 11,052 

SIERRA 40,592 59,613 799 4,160 41,249 63,773 

SOUTH COAST  0   284 142 284 142 

Grand Total 158,690 240,211 11,044 35,594 169,732 275,805 
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Figure 4.17.2 County based bioregions for California 

 

4.17.9 Herbicide Use on Federal Forest and Range Lands    
The United States Department of Agriculture (USDA) Forest Service annually reports data on 

pesticide and herbicide use on national forests and range lands. In California, for 2008 the Forest 
Service reported that herbicides totaling 9,519 lbs of herbicides and fungicides were applied on 
17,186 acres of National forestland. Borax and Glyphosate were the most commonly used 
treatments. The most common herbicide treatment on national forests in California in 2008 was for 
disease control, maintenance of fuel breaks, Nursery operations, and invasive species treatments. 
Tables 4.17.7a and 4.17.7b summarize by Bioregion the type and amount of herbicides that were 
applied on each of the national forests within California. Note the following forests reported 
herbicide use in 2008: North Coast Bioregion (Six Rivers, Klamath, Mendocino and Shasta-Trinity); 
Modoc Bioregion (Lassen); Central Coast Bioregion (Los Padres); South Coast (Angeles, San 
Bernardino); Sierra Bioregion (Inyo, Tahoe, Sierra, and Eldorado). In addition, herbicide use on USFS 
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lands is reported annually to Department of Pesticide Regulation and that information is included in 
estimating statewide totals shown in Tables 4.17.4, 4.17.5, 4.17.10 and 4.17.11.  

Table 4.17.7a  
Amount of Herbicide Use on USFS Lands Summarized by Bioregion for 2008 (units are in pounds 
[lbs.]) 
Note that the data was compiled for individual forests and then aggregated into Bioregions. 

  
Central 
Coast Modoc 

North 
Coast Sierra 

South 
Coast 

Grand 
Total   

aminopyralid     0.6     0.6 0.01% 
borax   628 3812 643 3528 8,611 90.46% 
chlorsulfuron   0.07 0.08     0.15 0.00% 
clopyralid       62.72   62.72 0.66% 
glyphosate 4   414.4 277.9 4.6 700.9 7.36% 
oxyfluorfen     88 1   89 0.93% 
triclopyr       0.5 1.5 2 0.02% 
Grand Total 4 662.07 4,332.88 985.50 3,534.5 9,518.95 100.00% 

 

Table 4.17.7b  
Amount Area Treated with Herbicides on USFS Lands Summarized by Bioregion for 
2008 (units are in acres)  
Note that the data was compiled for individual forests and then aggregated into 
Bioregions. 

Common Name 
Central 
Coast Modoc 

North 
Coast Sierra 

South 
Coast Grand Total 

aminopyralid   7   7 
borax  749 6,162 821 6,088 13,820 
chlorsulfuron  1 7   8 
clopyralid    252  252 
glyphosate 5  250 355 192 802 
oxyfluorfen   44 6  50 
triclopyr    14 0.3 14.3 
Grand Total 5 770 6,548.1 1,583.3 8280.3 17,186.7 

The Bureau of Land Management also uses herbicide for vegetation management on public 
lands in California. Table 4.17.8 provides a summary of BLM herbicide use in California. Between 
2006 and 2008 BLM treated an average of 2,447 acres annually using an average 1,695 pounds of 
herbicides. Most herbicide use involved ground applications, but there are some aerial applications 
using either Clopyralid or 2, 4-D, and Chlorsulfuron. 
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Table 4.17.8  
Amount of Herbicides Applied on BLM Lands from 2006-2008 (in pounds) 

 2006 Data 2007 Data 2008 Data 

Herbicide 
     Ground 
Application 

        Aerial 
Application 

     Ground 
Application 

        Aerial 
Application 

     Ground 
Application 

        Aerial 
Application 

Active 
Ingredient Acres 

Lbs. 
AI/AE Acres 

Lbs. 
AI/A

E Acres 
Lbs. 

AI/AE 
Acr
es 

Lbs. 
AI/A

E Acres 
Lbs. 

AI/AE Acres 
Lbs. 

AI/AE 
Chlorsulfu
ron 721.1 31.7     753.3 63.0 2.5 0.1 55.5 4.1     

Clopyralid 390.8 100.0 71.5 15.6 876.5 159.3 64.5 16.1 98.7 24.4 55.0 13.8 

2,4-D 828.4 510.6 71.5 70.3 584.7 462.4     49.4 30.1 27.0 25.4 

Dicamba 1.6 0.1     154.0 231.0     0.5 1.0     

Glyphosate 264.2 189.3     297.2 122.2     223.6 90.8     

Imazapyr 130.0 71.0     71.1 38.3     216.5 107.4     

Triclopyr  328.1 218.8     469.6 661.6     533.9 1827.2     

Total 2664.2 1121.4 143.0 85.9 3206.4 1737.7 67.0 16.2 1178.1 2084.9 82.0 39.2 
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Table 4.17.9 
Active Ingredients and Adjuvants Used in Forest and Rangelands in California 

Forest and Range Active Ingredients Most Used 2005-2010 According to PUR 
F GLYPHOSATE, ISOPROPYLAMINE SALT 

F HEXAZINONE 

F IMAZAPYR, ISOPROPYLAMINE SALT 

F TRICLOPYR, BUTOXYETHYL ESTER  

F 2,4-D, ISOOCTYL ESTER  

F BORAX  

F 2,4-D, 2-ETHYLHEXYL ESTER 

F ATRAZINE 

F ATRAZINE, OTHER RELATED  

F TRICLOPYR, TRIETHYLAMINE SALT  

F SULFOMETURON-METHYL  

R 2,4-D, DIMETHYLAMINE SALT  

R GLYPHOSATE, ISOPROPYLAMINE SALT  

R CLOPYRALID, MONOETHANOLAMINE SALT 

R TRICLOPYR, BUTOXYETHYL ESTER  

R GLYPHOSATE, POTASSIUM SALT  

R GLYPHOSATE, DIAMMONIUM SALT 

R TRICLOPYR, TRIETHYLAMINE SALT  

R 2,4-D, BUTOXYETHANOL ESTER 

R 2,4-D, 2-ETHYLHEXYL ESTER 

  

Forest and Rangeland Adjuvant Ingredients Most Used 2005-2000 According to PUR 

F OLEIC ACID, METHYL ESTER 

F METHYLATED SOYBEAN OIL 

F POLYETHYLENE GLYCOL MONO(3-(TETRAMETHYL-1-(TRIMETHYLSILOXY)DISILOXANYL)PROPYL) ETHER  

F ALPHA-UNDECYL-OMEGA-HYDROXYPOLY(OXYETHYLENE)  

F UNDECYL POLYOXYETHYLENE 

F 2-(3-HYDROXYPROPYL)-HEPTA-METHYL TRISILOXANE,ETHOXYLATED, ACETATE  

F HYDROTREATED PARAFFINIC SOLVENT 

F ALPHA-(PARA-NONYLPHENYL)-OMEGA-HYDROXYPOLY(OXYETHYLENE)  

F MINERAL OIL 

F TALL OIL ACIDS  

R PHOSPHATIDYLCHOLINE 

R ORCHEX 796 OIL  

R ALPHA-(PARA-NONYLPHENYL)-OMEGA-HYDROXYPOLY(OXYETHYLENE)  

R AMMONIUM SULFATE 

R ALKYLARYL POLY(OXYETHYLENE) GLYCOL 

R ALKYLARYL POLYETHYLENE GLYCOL ETHER 
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Table 4.17.10  
Herbicide Use on Forest Lands by County (Source: CDPR, 2010) 

  CHEMICAL 
CHEMICAL 

APPLIED (LBS) 
PRODUCT APPLIED 

(LBS) 
ACRES 

TREATED 

ALPINE                        442                              975               475  

  BORAX                         23                                 23                    4  

  CARBARYL                       419                               952                471  

AMADOR                     2,678                        11,678           4,631  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   2,355                           5,750            1,095  

  GLYPHOSATE, POTASSIUM SALT                         10                                 19                  25  

  HEXAZINONE                       177                               722                285  

  IMAZAPYR, ISOPROPYLAMINE SALT                       129                               468                160  

  TRICLOPYR, BUTOXYETHYL ESTER                            7                                 14                  26  

BUTTE                     9,715                        57,808         16,291  

  2,4-D, ISOOCTYL ESTER                       168                               193                300  

  
AMINOPYRALID, 
TRIISOPROPANOLAMINE SALT                            1                                    2                    5  

  GLYPHOSATE, DIMETHYLAMINE SALT                       274                               543                543  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   5,625                         13,645            2,481  

  HEXAZINONE                   1,992                           2,656                692  

  IMAZAPYR, ISOPROPYLAMINE SALT                   1,655                           6,062            3,007  

CALAVERAS                     2,156                           5,617           3,533  

  2,4-D, ISOOCTYL ESTER                       256                               295                247  

  ATRAZINE                         20                                 46                  15  

  ATRAZINE, OTHER RELATED                          -                                   46                  15  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   1,649                           4,011                966  

  HEXAZINONE                       154                               614                187  

  IMAZAPYR, ISOPROPYLAMINE SALT                         75                               253                464  

  TRICLOPYR, TRIETHYLAMINE SALT                            2                                    5                  15  

DEL NORTE                        163                              745               146  

  ATRAZINE                       157                               370                  54  

  ATRAZINE, OTHER RELATED                            3                               370                  54  

  SULFOMETURON-METHYL                            3                                    4                  38  

EL DORADO                  17,139                        54,901         15,945  

  2,4-D, 2-ETHYLHEXYL ESTER                       104                               155                  57  
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  2,4-D, ISOOCTYL ESTER                       557                               640                413  

  
ALPHA-UNDECYL-OMEGA-
HYDROXYPOLY(OXYETHYLENE)                       365                           2,433                651  

  GLYPHOSATE, ISOPROPYLAMINE SALT                 11,054                         24,293            3,234  

  HEXAZINONE                   1,226                           1,635                409  

  IMAZAPYR, ISOPROPYLAMINE SALT                         33                                 91                176  

  METHYLATED SOYBEAN OIL                   1,702                           2,433                651  

  ORYZALIN                            4                                 10                    2  

  TALL OIL FATTY ACIDS                       365                           2,433                651  

  TRICLOPYR, BUTOXYETHYL ESTER                   1,719                           2,799            1,324  

  TRICLOPYR, TRIETHYLAMINE SALT                            8                                 17                    9  

FRESNO                        672                           2,187               527  

  DIFLUBENZURON                          -                                      0                  10  

  GLYPHOSATE, ISOPROPYLAMINE SALT                       672                           1,652                195  

HUMBOLDT                     3,052                        23,607         10,105  

  2,4-D, ISOOCTYL ESTER                       408                               469                300  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT                         52                               126                264  

  GLYPHOSATE, ISOPROPYLAMINE SALT                       422                           1,023                539  

  IMAZAPYR, ISOPROPYLAMINE SALT                   1,622                           5,029            3,034  

  SULFOMETURON-METHYL                            9                                 13                171  

  TRICLOPYR, BUTOXYETHYL ESTER                       539                               873                401  

LASSEN                  22,043                        39,195         11,858  

  BORAX                       568                               568            1,047  

  CARBARYL                       119                               275                142  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   5,739                         12,290            1,473  

  HEXAZINONE                 15,532                         20,704            4,862  

  IMAZAPYR, ISOPROPYLAMINE SALT                         84                               304                153  

MADERA                        114                              271               100  

  GLYPHOSATE, ISOPROPYLAMINE SALT                         84                               204                  50  

  TRICLOPYR, TRIETHYLAMINE SALT                         30                                 66                  50  

MARIPOSA                           59                              134                 70  

  ATRAZINE                         34                                 38                  10  

  ATRAZINE, OTHER RELATED                            1                                 38                  10  
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  GLYPHOSATE, ISOPROPYLAMINE SALT                         18                                 44                  25  

  TRICLOPYR, TRIETHYLAMINE SALT                            6                                 14                  25  

MENDOCINO                     6,942                        19,505         15,587  

  BACILLUS PUMILUS, STRAIN QST 2808                            3                               217                  25  

  GLYPHOSATE, ISOPROPYLAMINE SALT                       658                           1,605            1,272  

  IMAZAPYR, ISOPROPYLAMINE SALT                   5,879                         11,158            9,032  

  TRICLOPYR, BUTOXYETHYL ESTER                       402                               652                421  

MONO                        633                           1,475               831  

  CARBARYL                       633                           1,475                831  

NEVADA                     2,140                           6,886           2,340  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   2,140                           5,221                960  

PLACER                     2,737                           4,869           2,352  

  BORAX                       695                               695                943  

  ESFENVALERATE                          -                                      1                    9  

  GLYPHOSATE, ISOPROPYLAMINE SALT                       802                           1,952                268  

  HEXAZINONE                   1,239                           1,652                378  

  TRICLOPYR, BUTOXYETHYL ESTER                            1                                    1                  10  

PLUMAS                     5,771                        21,956         19,169  

  2,4-D, 2-ETHYLHEXYL ESTER                         51                                 82            1,332  

  2,4-D, ISOOCTYL ESTER                         16                                 18                  37  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT                            7                                 17                  43  

  
DISODIUM OCTABORATE 
TETRAHYDRATE                          -                                      1                    2  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   3,549                           8,645            6,055  

  HEXAZINONE                   1,941                           2,589                711  

  IMAZAPYR, ISOPROPYLAMINE SALT                       143                               510                304  

  TRICLOPYR, BUTOXYETHYL ESTER                         64                               106            1,369  

  SANTA CRUZ                            2                                    6                  36  

  ALUMINUM PHOSPHIDE                          -                                      0                  18  

  GLYPHOSATE, ISOPROPYLAMINE SALT                            2                                    5                  18  

SHASTA                  39,197                      198,618         62,200  
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  (Z)-9-DODECENYL ACETATE                          -                                      5                  74  

  2,4-D, 2-ETHYLHEXYL ESTER                       191                               285                153  

  2,4-D, ISOOCTYL ESTER                       391                               449                143  

  BORAX                       454                               453            1,017  

  FLUROXYPYR, 1-METHYLHEPTYL ESTER                         26                                 57                163  

  GLYPHOSATE, DIMETHYLAMINE SALT                   2,865                           5,733            2,570  

  GLYPHOSATE, ISOPROPYLAMINE SALT                 16,505                         39,997            7,933  

  HEXAZINONE                 12,208                         16,275            4,397  

  IMAZAPYR, ISOPROPYLAMINE SALT                   6,078                         17,350          11,595  

  PERMETHRIN                          -                                      5                  74  

  STRYCHNINE                          -                                   40            1,258  

  TRICLOPYR, BUTOXYETHYL ESTER                       293                               475                589  

  TRICLOPYR, TRIETHYLAMINE SALT                       186                               423                613  

SIERRA                        841                           1,842               719  

  BORAX                       372                               372                208  

  GLYPHOSATE, ISOPROPYLAMINE SALT                       456                           1,113                104  

  IMAZAPYR, ISOPROPYLAMINE SALT                            2                                    8                  38  

  TRICLOPYR, TRIETHYLAMINE SALT                         11                                 24                  57  

SISKIYOU                  14,178                        48,829         25,993  

  2,4-D, ISOOCTYL ESTER                       754                               862                563  

  ATRAZINE                       509                           1,196                136  

  ATRAZINE, OTHER RELATED                         11                           1,196                136  

  BORAX                   1,949                           1,949            5,651  

  ESFENVALERATE                          -                                      2                    6  

  GLYPHOSATE, DIMETHYLAMINE SALT                       127                               253                127  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   1,651                           4,025                958  

  HEXAZINONE                   6,422                         10,557            3,734  

  IMAZAPYR, ISOPROPYLAMINE SALT                   2,049                           5,787            4,265  

  TRICLOPYR, BUTOXYETHYL ESTER                       685                           1,098                754  

  TRICLOPYR, TRIETHYLAMINE SALT                         20                                 45                  15  

SONOMA                           76                              143                 76  

  IMAZAPYR, ISOPROPYLAMINE SALT                         76                               143                  76  
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TEHAMA                  12,502                        52,519         19,889  

  GLYPHOSATE, DIMETHYLAMINE SALT                         72                               143                  40  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   7,743                         18,920            5,103  

  HEXAZINONE                   3,005                           4,011            1,234  

  IMAZAPYR, ISOPROPYLAMINE SALT                   1,682                           6,095            3,207  

TRINITY                     6,950                        32,315         12,411  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT                         91                               220                366  

  GLYPHOSATE, DIMETHYLAMINE SALT                       858                           1,709                526  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   4,796                         11,479            3,346  

  IMAZAPYR, ISOPROPYLAMINE SALT                   1,188                           4,369            2,549  

  TRICLOPYR, TRIETHYLAMINE SALT                         17                                 36                273  

TUOLUMNE                     5,994                        26,430           9,548  

  2,4-D, 2-ETHYLHEXYL ESTER                       139                               207                  75  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   5,289                         12,891            3,222  

  HEXAZINONE                       258                               348                201  

  IMAZAPYR, ISOPROPYLAMINE SALT                       230                               840                791  

  TRICLOPYR, BUTOXYETHYL ESTER                         36                                 58                195  

  TRICLOPYR, TRIETHYLAMINE SALT                         42                                 95                  75  

YUBA                     2,495                        13,939           4,846  

  2,4-D, ISOOCTYL ESTER                       465                               533                130  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT                         23                                 56                  58  

  GLYPHOSATE, ISOPROPYLAMINE SALT                   1,606                           3,918                573  

  HEXAZINONE                         23                                 93                  58  

  IMAZAPYR, ISOPROPYLAMINE SALT                       308                           1,099                646  

  TRICLOPYR, BUTOXYETHYL ESTER                         70                               113                  25  

TOTAL                 158,691                       626,448       239,679  
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Table 4.17.11  
Herbicide Use on Rangelands by County (Source: CDPR, 2010) 

   CHEMICAL 
CHEMICAL 
APPLIED (LBS) 

 PRODUCT 
APPLIED (LBS)  

 ACRES 
TREATED  

ALAMEDA   41                   29,661             15,055  

  2,4-D, DIMETHYLAMINE SALT 38                           81                     45  

  ALUMINUM PHOSPHIDE 0                             1                    40  

  CARFENTRAZONE-ETHYL 1                              6                     45  

ALPINE   3                           28                  244  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 0                              2                     32  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 2                              5                       6  

  GLYPHOSATE, ISOPROPYLAMINE SALT 1                              2                     16  

AMADOR   58                     2,244                   468  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 1                              2                       6  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 0                             1                       5  

  GLUFOSINATE-AMMONIUM 3                           15                       2  

  GLYPHOSATE, POTASSIUM SALT 2                              5                       4  

  ZINC PHOSPHIDE 44                     2,200                   440  

BUTTE 
 

125                         642                   790  

  2,4-D, DIMETHYLAMINE SALT 22                           45                    14  

  DIURON 8                           20                       4  

  GLUFOSINATE-AMMONIUM 3                           18                       4  

  GLYPHOSATE, ISOPROPYLAMINE SALT 48                        117                    79  

  GLYPHOSATE, POTASSIUM SALT 3                              6                       4  

  OXYFLUORFEN 10                           45                     75  

  TRICLOPYR, TRIETHYLAMINE SALT 21                           48                     75  

CALAVERAS 
 

244                     2,345             10,934  

  2,4-D, DIMETHYLAMINE SALT 13                           28                     11  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 31                           78                   191  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 191                         465               1,768  

  GLYPHOSATE, ISOPROPYLAMINE SALT 2                              3                       2  

  GLYPHOSATE, POTASSIUM SALT 1                              3                       2  

  TRICLOPYR, BUTOXYETHYL ESTER 6                           10                   102  
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COLUSA 
 

10                           72                   274  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 10                           25                    69  

CONTRA COSTA 
 

102                         656               3,595  

  2,4-D, DIMETHYLAMINE SALT 23                           45                   240  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 25                           63                   380  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 41                         101                   335  

  GLYPHOSATE, ISOPROPYLAMINE SALT 8                           21                   300  

  TRICLOPYR, BUTOXYETHYL ESTER 5                              9                   120  

EL DORADO 
 

174                         553                   810  

  2,4-D, DIMETHYLAMINE SALT 19                           42                     27  

  ALUMINUM PHOSPHIDE 0                              3                       4  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 3                           74                    64  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 25                           59                     90  

  GLYPHOSATE, ISOPROPYLAMINE SALT 15                           36                     14  

  GLYPHOSATE, POTASSIUM SALT 21                           41                    11  

  TRICLOPYR, BUTOXYETHYL ESTER 82                         130                   180  

  TRICLOPYR, TRIETHYLAMINE SALT 9                           64                     30  

FRESNO 
 

685                     2,366               3,969  

  2,4-D, BUTOXYETHANOL ESTER 1                             4                       2  

  2,4-D, DIMETHYLAMINE SALT 100                         214                     45  

  ALUMINUM PHOSPHIDE 88                         160                     38  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 34                           83                   275  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 21                           59               2,146  

  GLYPHOSATE, ISOPROPYLAMINE SALT 439                     1,081                   625  

  TRICLOPYR, BUTOXYETHYL ESTER 2                             7                       5  

GLENN 
 

251                         816                   701  

  2,4-D, DIMETHYLAMINE SALT 27                           58                     37  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 8                           20                     98  

  GLYPHOSATE, ISOPROPYLAMINE SALT 216                         527                     92  
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HUMBOLDT 
 

52                           60                    54  

  2,4-D, ISOOCTYL ESTER 52                           60                     52  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 0                              1                       2  

KERN 
 

4                           10                       2  

  GLYPHOSATE, ISOPROPYLAMINE SALT 4                           10                       2  

LASSEN 
 

26                           55                     37  

  2,4-D, DIMETHYLAMINE SALT 26                           55                     37  

MADERA 
 

140                         296                   228  

  2,4-D, 2-ETHYLHEXYL ESTER 14                           22                     27  

  2,4-D, BUTOXYETHANOL ESTER 5                           17                       2  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 7                           18                    60  

  GLYPHOSATE, ISOPROPYLAMINE SALT 37                           87                     13  

  ORYZALIN 4                           10                       2  

  OXYFLUORFEN 2                              9                       2  

  TRICLOPYR, BUTOXYETHYL ESTER 63                         114                   114  

  TRICLOPYR, TRIETHYLAMINE SALT 8                           19                     10  

MARIPOSA 
 

38                         153                   220  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 4                           60                     76  

  GLYPHOSATE, ISOPROPYLAMINE SALT 8                           18                     88  

  TRICLOPYR, BUTOXYETHYL ESTER 19                           28                     36  

  TRICLOPYR, TRIETHYLAMINE SALT 7                           47                     21  

MENDOCINO 
 

2                              6                   107  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 1                              3                     73  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 1                              2                     34  

  ESFENVALERATE 0                             1                       0  

MERCED 
 

1700                     4,973               5,274  

  2,4-D, DIMETHYLAMINE SALT 762                     1,629                   668  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 36                           89                   240  

  BROMACIL 8                           20                     10  

  CARFENTRAZONE-ETHYL 1                             4                    50  

  DIURON 8                           20                     10  

  GLYPHOSATE, ISOPROPYLAMINE SALT 885                     1,819                   650  
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MONTEREY 
 

51                         114                   142  

  2,4-D, DIMETHYLAMINE SALT 2                              5                       6  

  GLYPHOSATE, ISOPROPYLAMINE SALT 37                           83                   116  

  GLYPHOSATE, POTASSIUM SALT 12                           25                     20  

NEVADA 
 

55                           92                   122  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 1                              2                       1  

  TRICLOPYR, BUTOXYETHYL ESTER 54                           89                   120  

ORANGE 
 

284                     1,144                  665  

  GLYPHOSATE, ISOPROPYLAMINE SALT 284                         692                   142  

PLACER 
 

3                              5                     12  

  GLYPHOSATE, ISOPROPYLAMINE SALT 1                              3                       1  

  TRICLOPYR, BUTOXYETHYL ESTER 2                             2                    12  

PLUMAS 
 

15                           32                     92  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 0                              0                       2  

  CHLORSULFURON 5                              6                     90  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 10                           26    

SACRAMENTO 
 

20                         194                   815  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 20                           50                  163  

SAN BENITO 
 

19                           80                     27  

  2,4-D, DIMETHYLAMINE SALT 8                           19                     16  

  GLYPHOSATE, DIAMMONIUM SALT 6                           30                       6  

  GLYPHOSATE, POTASSIUM SALT 5                           30                       6  

SAN 
BERNARDINO 

 
41                           70                   116  

  IMAZAPYR, ISOPROPYLAMINE SALT 1                             4                       7  

  TRICLOPYR, BUTOXYETHYL ESTER 40                           66                   109  

SAN LUIS 
OBISPO 

 
1,188                   10,171             14,363  

  2,4-D, DIMETHYLAMINE SALT 133                         285                   103  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 436                     4,195               2,933  

  CHLORSULFURON 0                              0                     11  
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  DICAMBA, DIMETHYLAMINE SALT 2                              5                       2  

  GLYPHOSATE, POTASSIUM SALT 19                           39                     10  

  TRICLOPYR, BUTOXYETHYL ESTER 59                           98                     40  

  TRICLOPYR, TRIETHYLAMINE SALT 538                     3,306                   895  

SANTA 
BARBARA 

 
1,324                     3,545               1,383  

  2,4-D, DIMETHYLAMINE SALT 174                         375                     80  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 4                              9                     18  

  CHLORSULFURON 4                              5                     80  

  DIMETHYLPOLYSILOXANE 45                           44                   185  

  GLYPHOSATE, ISOPROPYLAMINE SALT 1,034                     2,458                   677  

  TRICLOPYR, BUTOXYETHYL ESTER 63                         105                     86  

SANTA CLARA 
 

7                           19               1,750  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 2                              7               1,730  

  GLYPHOSATE, ISOPROPYLAMINE SALT 5                           12                     20  

SHASTA 
 

79                         162                   680  

  2,4-D, DIMETHYLAMINE SALT 21                           45                     25  

  CARFENTRAZONE-ETHYL 0                              0                     75  

  CHLORSULFURON 21                           28                   450  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 35                           85                   105  

  TRICLOPYR, BUTOXYETHYL ESTER 2                              3                     25  

SISKIYOU 
 

56                         216                   523  

  2,4-D, DIMETHYLAMINE SALT 47                           98                     64  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 3                              6                     21  

  CHLORSULFURON 1                              1                     18  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 0                              0                       1  

  DICAMBA, DIMETHYLAMINE SALT 5                           11                     34  

SOLANO 
 

733                     1,764               8,428  

  2,4-D, DIMETHYLAMINE SALT 170                         363                   291  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 48                         117                   924  

  CARFENTRAZONE-ETHYL 1                              4                   200  

  DIPHACINONE 0                           25               2,800  

  GLYPHOSATE, ISOPROPYLAMINE SALT 507                         959                   323  
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  IMAZAPYR, ISOPROPYLAMINE SALT 0                              0                       2  

  TRICLOPYR, BUTOXYETHYL ESTER 7                           43               2,800  

SONOMA 
 

1,839                     5,403             12,084  

  2,4-D, DIMETHYLAMINE SALT 1,321                     2,825               1,752  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 65                         159                   307  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 172                         421                   923  

  DIMETHYLPOLYSILOXANE 1                              1                       7  

  FLUMIOXAZIN 1                              2                       9  

  GLYPHOSATE, ISOPROPYLAMINE SALT 128                         308                   140  

  GLYPHOSATE, POTASSIUM SALT 85                         174                     62  

  OXYFLUORFEN 1                              8                       7  

  TRICLOPYR, BUTOXYETHYL ESTER 51                           80                   150  

STANISLAUS 
 

36                         111                   615  

  2,4-D, DIMETHYLAMINE SALT 2                              5                       3  

  ALUMINUM PHOSPHIDE 4                              7                   300  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 28                           67                   145  

  GLYPHOSATE, ISOPROPYLAMINE SALT 2                              4                       3  

TEHAMA 
 

56                         682                   166  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 4                              9                     20  

  CARBARYL 30                         600                     30  

  GLYPHOSATE, ISOPROPYLAMINE SALT 10                           23                       6  

  TRICLOPYR, BUTOXYETHYL ESTER 12                           20                     50  

TULARE 
 

1,377                     2,949               4,480  

  2,4-D, DIMETHYLAMINE SALT 1,352                     2,885               1,200  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 23                           59               2,200  

  CARFENTRAZONE-ETHYL 2                              5               1,080  

TUOLUMNE 
 

77                         192                   708  

  2,4-D, DIMETHYLAMINE SALT 20                           42                   100  

  
AMINOPYRALID, TRIISOPROPANOLAMINE 
SALT 6                           15                   508  

  
CLOPYRALID, MONOETHANOLAMINE 
SALT 0                              0                     20  
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  GLYPHOSATE, ISOPROPYLAMINE SALT 42                         102                     40  

  IMAZAPYR, ISOPROPYLAMINE SALT 9                           33                     40  

YOLO 
 

177                         417                   239  

  2,4-D, DIMETHYLAMINE SALT 137                         293                   148  

  GLYPHOSATE, ISOPROPYLAMINE SALT 32                           74                     27  

  OXYFLUORFEN 8                           31                     15  

YUBA 
 

12                           43                     96  

  2,4-D, DIMETHYLAMINE SALT 9                           19                     16  

  GLYPHOSATE, ISOPROPYLAMINE SALT 3                              7                       8  

 Grand Total 
 

11,104                   72,606             90,696  
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Chapter 5 Environmental Impact Analysis and Mitigation 

5.0 Introduction and Summary of Proposed Program and Alternatives 
The purpose of Chapter 5.0 is to summarize the environmental impacts that might occur as a 

result of implementing either the Proposed Program or the Alternatives. Environmental impacts are 
a function of both the extent and the intensity of the effects. Intensity of effects refers to the 
degree of change in biological and physical characteristics that are likely to result from carrying out 
the treatment. Extent of effects refers to the quantity of acres treated and their distribution across 
the landscape.   

As previously described in Chapters 2 and 3, treatments would be applied across each bioregion 
by willing landowners implementing practices designed to accomplish one or more of the 
purpose/goals outlined in Section 1.7. An individual treatment by itself, or multiple treatments 
might take place all in one year, or might be spread out over several years. Most treatments would 
be applied in order to meet the several goals that focus on achieving desired future conditions such 
as reducing the severity and extent of wildland fire. In addition, in every bioregion, treatments 
would tend to be focused on a subset of the purpose and goals, as described below: 

• North Coast/Klamath - Maintain/ enhance forest and rangeland resources.  
• Modoc - Reduce noxious weeds and invasive plants and improve browse and forage for 

wildlife and domestic stock, also maintain/ enhance forest and range land resources. 
• Sacramento Valley - Maintain/improve air quality through vegetation treatments that reduce 

the severity of large, uncontrolled fires, also restore the natural range of fire-adapted plant 
communities through periodic low intensity vegetation treatments. 

• Sierra - Reduce effects to watersheds from wildfire by varying the distribution of vegetation 
treatments within and across watersheds, also modify wildfire behavior to reduce losses to 
life and property and reduce the severity of wildfires by altering the volume/continuity of 
wildland fuels. 

• Bay Area - reduce the severity of wildfires by altering the volume/continuity of wildland 
fuels, modify wildfire behavior to reduce losses to life and property and reduce the severity 
of wildfires by altering the volume/continuity of wildland fuels, and restore the natural range 
of fire-adapted plant communities through periodic low intensity vegetation treatments. 

• San Joaquin - Maintain/improve air quality through vegetation treatments that reduce the 
severity of large, uncontrolled fires and modify wildfire behavior to reduce losses to life and 
property, and reduce the severity of wildfires by altering the volume/continuity of wildland 
fuels. 

• Central Coast - Modify wildfire behavior to reduce losses to life and property, reduce the 
severity of wildfires by altering the volume/continuity of wildland fuels, and restore the 
natural range of fire-adapted plant communities through periodic low intensity vegetation 
treatments

• Mojave - Reduce noxious weeds and invasive plants and improve browse and forage for 
wildlife and domestic stock, also maintain/ enhance forest and rangeland resources 
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• South Coast - Restore the natural range of fire-adapted plant communities through periodic 
low intensity vegetation treatments, maintain/improve air quality through vegetation 
treatments that reduce the severity of large, uncontrolled fires, modify wildfire behavior to 
reduce losses to life and property, and reduce the severity of wildfires by altering the 
volume/continuity of wildland fuels 

• Colorado Desert - Reduce noxious weeds and invasive plants and improve browse and forage 
for wildlife and domestic stock, also maintain/enhance forest and rangeland resource. 

For analysis purposes, the number of acres treated yearly is assumed to be 1/10th of the ten-
year totals shown in chapter 2 and 3. However, the actual acres treated annually in any bioregion 
will vary substantially year-to-year based on several factors, such as availability of cooperating 
landowners; but the total acres treated in any bioregion at the end of the 10-year period would not 
exceed the estimated total shown in the tables. In addition, it is assumed that the 10-year total 
acreage treated would never all occur within one year or any one bioregion, but would be 
distributed across several years and several bioregions within any 10-year period. Finally, if the 
acreage being treated in a bioregion exceeded 110% of the yearly average, then further analysis 
would be required at the project level to ensure that significant effects did not take place.  

It is also important to note that both the Proposed Program and the Alternatives describe 
potential herbicide treatments (both hand spray and aerial application) implemented by landowners 
at their own cost outside of the Program (or Alternatives) in order to conduct maintenance and 
follow-up treatments. CAL FIRE/applicants are more apt to use herbicides post VTP-funded 
treatment for treatment maintenance compared to other treatments such as prescribed fire, as 
both the cost per acre and the liability are less with herbicides than prescribed fire. In general, it is 
assumed that approximately 10% of the annual acres initially treated during the first decade of the 
program (19,500 acres) annually and up to 20% of all annual acres treated in the second decade 
(39,000 acres) would be treated with herbicides outside the Program in addition to the acres 
proposed for herbicide treatment in the Program. For instance, even though Alternative 2 does not 
fund any herbicide use within the VTP, under Alternative 2 CAL FIRE/applicants would still be able to 
use herbicides at some point after their VTP contract expired. Thus, while Alternative 2 (the “No 
Herbicide” Alternative) would not fund any herbicide treatments, by the 2nd decade, up to 39,000 
acres of off-program herbicide treatments could be expected if Alternative 2 were implemented.  

The distribution of treatments in the Proposed Program is described for each bioregion in terms 
of both the acres that would be treated (Table 5.0.1), number of VTP projects that would occur in 
each bioregion (Table 5.0.4) and the number of VTP projects that would be implemented per 
CalWat 2.2 watershed at the end of one year and after ten years of treatments (Tables 5.0.6 and 
5.0.7). Table 5.0.1 is a summary of the information from Tables 2.4 and 3.2 through 3.7 which shows 
the potential acreage likely to be treated by the Proposed Program and each of the alternatives for 
each treatment type.  
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Table 5.0.1 
Proposed Treatment Acreage During First Decade of Program or Alternatives 

Bioregion 

Total 
Landscape 

Acres in 
Bioregion 

Distribution of 
Treatments 

Acres Treated During Decade 

Program Alt 1 Alt 2 Alt 3 Alt 4 
North Coast/Klamath 8,158,000 11.7% 253,500 61,100 253,500 253,500 104,600 
Modoc 3,616,900 10.3% 223,200 7,050 223,200 223,200 137,300 
Sacramento Valley 1,524,300 14.4% 312,000 75,200 312,000 312,000 128,700 
Sierra 6,605,500 19.8% 429,100 103,400 429,100 429,100 176,900 
Bay Area 3,346,500 7.2% 156,000 37,600 156,000 156,000 64,300 
San Joaquin 1,799,800 5.4% 117,100 28,200 117,100 117,100 48,200 
Central Coast 4,989,200 17.5% 380,000 94,000 380,000 380,000 150,900 
Mojave 3,112,800 0.9% 20,000 2,350 20,000 20,000 8,100 
South Coast 2,737,600 9.5% 205,600 42,300 205,600 205,600 84,800 
Colorado Desert 2,067,800 3.3% 72,600 18,800 72,600 72,600 26,800 

Total 37,958,400 100.0% 2,169,100 470,000 2,169,100 2,169,100 930,600 
Percent prescribed fire 53% 63% 56% 56% 8% 

Percent Mechanical 18% 21% 22% 19% 25% 
Percent Hand 10% 12% 12% 11% 38% 

Percent Herbicides 9% 4% 0% 4% 5% 
Percent Prescribed Herbivory 10% 0% 10% 10% 24% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 
Total acreage treated with herbicides first decade on and off program  413,110 65,800 216,910 295,290 142,860 

Total acreage treated with herbicides/decade, decades  
2 and beyond on and off program  630,020 112,800 433,780 512,180 235,920 

It is important to note that some bioregions have a proportionately higher number of acres 
treated annually than other bioregions; Sacramento Valley being a prime example. Conversely, 
some bioregions have a very small number of acres treated annually compared to the size of the 
bioregion (Modoc and Mojave in particular treat as little as 0.6% and 0.06% of all jurisdiction lands 
annually). The Sacramento Valley bioregion stands out as an example of a bioregion, which, based 
on treatment history between 2000-2005, annually treats about 2.0% of the bioregion jurisdiction 
lands. Part of the difference between bioregions is the fact that the VTP is based on willing 
landowners applying to the Program with CAL FIRE/applicants applying in much higher numbers in 
the Sacramento bioregion than CAL FIRE/applicants in the Modoc or Mojave bioregions. Thus the 
historical application rate (and the rate projected into the future) is both a matter of how aggressive 
the VTP coordinator within a specific CAL FIRE Ranger Unit is at soliciting landowners as well as how 
receptive landowners are to engaging with a state agency such as CAL FIRE.  

Grouping vegetation types based on fire regime is one way to simplify the varying effects of 
treatment intensity based on vegetation types as shown below in Table 5.0.2. In general, vegetation 
types with multiple canopy layers and vertical diversity, such as coniferous forests, are adapted to a 
high frequency/low intensity surface/mixed fire regime and vegetation treatments tend to mimic 
this effect by focusing on understory treatments. On the other hand single canopy layer vegetation 
types with low vertical diversity, such as grasslands and chaparral, are adapted to a low 
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frequency/high severity crown fire regime and vegetation treatments tend to focus on crown (or 
overstory) level treatments. Essentially, the intensity of treatment depends on how much 
vegetation is left after treatment and the degree of soil disturbance. 

Table 5.0.2 
WHR Types by WHR Lifeform and Disturbance Type 
WHR Lifeform Treatment/Disturbance Type WHR Types 

Conifer Forest 
Low Intensity Treatments 
Surface/Mixed Fire Regimes 

Closed-Cone Pine-Cypress, Douglas Fir, Eastside Pine, Jeffrey 
Pine, Klamath Mixed Conifer, Lodgepole Pine, Montane 
Hardwood-Conifer, Ponderosa Pine, Red Fir 

Conifer Woodland 
Low Intensity Treatments 
Surface/Mixed Fire Regimes Juniper, Pinyon-Juniper 

Desert Shrub 
Low Intensity Treatments 
Surface/Mixed Fire Regimes Desert Scrub, Desert Succulent Shrub, Desert Wash 

Desert Woodland 
Low Intensity Treatments 
Surface/Mixed Fire Regimes Joshua Tree 

Hardwood Forest 
Low Intensity Treatments 
Surface/Mixed Fire Regimes Aspen, Montane Hardwood, Montane Riparian 

Hardwood Woodland 
Low Intensity Treatments 
Surface/Mixed Fire Regimes 

Blue Oak Woodland, Blue Oak-Foothill Pine, Coastal Oak 
Woodland, Eucalyptus, HDW, Valley Foothill Riparian, Valley 
Oak Woodland 

Herbaceous 
High Intensity Treatments/Crown 
Fire Regimes Annual Grassland, Pasture, Perennial Grassland 

Shrub/Chaparral 
High Intensity Treatments/Crown 
Fire Regimes 

Alpine-Dwarf Shrub, Bitterbrush, Chamise-Redshank 
Chaparral, Coastal Scrub, Low Sage, Mixed Chaparral, 
Montane, Chaparral, Sagebrush, Undetermined Shrub 

 
The intensity of each treatment type is related primarily to the techniques and tools used in 

that treatment type, and secondarily to the vegetation type being treated. Differences between 
treatment types are relatively clear, e.g., broadcast burning relies on controlled use of fire to burn 
vegetation while mechanical thinning relies on use of motorized equipment to remove vegetation. 
However, a less obvious effect results from the same treatment type being applied to different 
vegetation types. For example, a prescribed broadcast burn in a conifer forest will not likely affect 
overstory canopy closure, while the same prescribed burn in a chaparral field will likely destroy up 
75 percent or more of the overstory shrub canopy. 

The relative proportion of crown fire versus surface/mixed fire regime vegetation types varies 
significantly by bioregion, as do the number of treatments within each vegetation type. Generally, 
the proportion of crown fire regime vegetation in each bioregion increases as you move from 
Northern California to Southern California (Table 5.0.4). Thus it is likely that the intensity of 
treatment will increase as the proportion of crown fire vegetation in the bioregion increases. Tables 
5.0.4 and 5.0.5 show the number of acres and projects treated by vegetation type annually and at 
the end of ten years of treatments.  
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Table 5.0.3 
Expected Treatment Outcomes by Treatment Type and Fire Regime Type  

Treatment type 

Surface/mixed Fire Regime 
Vegetation Types 

(Conifer Forest, Conifer Woodland, 
Hardwood Forest, Hardwood 

Woodland, Desert Shrub, Desert 
Woodland) 

Crown Fire Regime Vegetation 
Types 

(Shrub, Herbaceous) 

Reduction in 
Canopy Cover 

Percent Soil 
Disturbance 

Reduction in 
Canopy Cover 

Percent Soil 
Disturbance 

Broadcast burn <10% <40% <70% <50% 
Underburn <10% <40% N/A N/A 
Jackpot burn <10% <40% N/A N/A 
Pile burn <10% <40% N/A N/A 
Tractor Pile <10% <40% <75% <75% 
Masticate 10-50% <25% <75% <40% 
Chain N/A N/A <75% <25% 
Till N/A N/A <90% <80% 
Hand Treatments (Thin) <25% <25% N/A N/A 
Hand Spray <5% <10% <75% <5% 
Graze for Fuel <5% <10% <50% <10% 
Graze for Range Improvement <5% <10% <50% <10% 

Expected Outcomes of Non Treatment Disturbance 
High Severity Wildfire >75% >50% >90% >70% 

 
 

Table 5.0.4 
Proposed Program Potential Annual Treatments by Disturbance Type by Bioregion 

Bioregion 

Total 
Landscape 

Acres in 
Bioregion 

Surface/Mixed Fire Regimes Crown Fire Regimes 

Acres in 
Bioregion 

Potential 
Annual Acres 

Treated in 
Bioregion 

Potential # 
of Annual 
Projects in 
Bioregion 

Acres in 
Bioregion 

Potential 
Annual 
Acres 

Treated in 
Bioregion 

Potential # 
of Annual 
Projects in 
Bioregion 

Klamath/North Coast 8,158,000 6,198,500 19,300 74 1,959,500 6,100 23 
Modoc 3,616,900 2,112,700 13,100 50 1,504,200 9,300 36 
Sacramento Valley 1,524,300 541,300 11,100 43 983,000 20,100 77 
Sierra Nevada 6,605,500 4,087,400 26,600 102 2,518,100 16,300 63 
Bay Area / Delta 3,346,500 1,657,400 7,700 30 1,689,100 7,900 30 
San Joaquin 1,799,800 98,700 600 2 1,701,100 11,100 43 
Central Coast 4,989,200 1,470,700 11,200 43 3,518,500 26,800 103 
Mojave 3,112,800 2,889,100 1,900 7 223,700 100  
South Coast 2,737,600 469,300 3,500 13 2,268,300 17,100 66 
Colorado Desert 2,067,800 1,586,600 5,600 22 481,200 1,700 7 

Total 37,958,400 21,111,400 100,600 386 16,846,700 116,500 448 



Environmental Impact Analysis 

  
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

  5- 6 

 

Table 5.0.5 
Proposed Program Potential Treatments Over 10 Years by Disturbance Type by Bioregion  

Bioregion 

Total 
Landscape 

Acres in 
Bioregion 

Surface/Mixed Fire Regimes Crown Fire Regimes 

Acres in 
Bioregion 

Proportion of 
Bioregion 

Treated per 
Decade 

Potential 
No. Of 

Projects in 
Bioregion 

Acres in 
Bioregion 

Proportion 
of Bioregion 
Treated per 

Decade 

Potential  
No. Of  

Projects in 
Bioregion 

Klamath/North Coast 8,158,000 6,198,500 3.1% 740 1,947,600 3.1% 230 
Modoc 3,616,900 2,112,700 6.2% 500 1,499,200 6.2% 360 
Sacramento Valley 1,524,300 541,300 20.5% 430 980,700 20.5% 770 
Sierra Nevada 6,605,500 4,087,400 6.5% 1,020 2,509,400 6.5% 630 
Bay Area / Delta 3,346,500 1,657,400 4.6% 300 1,684,300 4.7% 300 
San Joaquin 1,799,800 98,700 6.1% 20 1,698,500 6.5% 430 
Central Coast 4,989,200 1,470,700 7.6% 430 3,511,300 7.6% 1,030 
Mojave 3,112,800 2,889,100 0.7% 70 219,200 0.5%  
South Coast 2,737,600 469,300 7.5% 130 2,318,500 7.4% 660 
Colorado Desert 2,067,800 1,586,600 3.5% 220 478,200 3.6% 70 

Total 37,958,400 21,111,400  3,860 16,846,900  4,480 

The number of potential projects within a single watershed could vary from as few as one 
project per watershed to as many as seven projects per watershed. The number of potential 
projects per watershed (and bioregion) is estimated to be a function of the past history of the 
willingness of landowners to apply for projects as well as the size of the watersheds (e.g. six 
bioregions have watersheds which range between 7,500 acres and 21,000 acres while the 
Sacramento Valley bioregion has an average watershed size of 55,000 acres and the Colorado 
Desert bioregion has an average watershed size of 178,000 acres).  

In order to analyze the consequences of implementing the Proposed Program or the 
Alternatives, the following approach was used to model the probability of where treatments might 
occur on the landscape (see Appendix A for a complete description of the modeling approach). 

1. Each CalWat 2.2 (see Glossary) watershed was assigned to either a high or low “assets at 
risk” category based on combining numerous factors in a GIS, the principle factors being 
assets such as location in or out of a WUI, high proportion of special status wildlife species, 
etc., along with fuel rank, number of times burned, etc. 

2. Watersheds with a high-assets-at-risk value and more than 35% of the watershed in CAL FIRE 
jurisdiction (e.g. SRA, DPA or LRA) were assigned a high probability of treatment, while 
watersheds with 2-35% jurisdiction were assigned a low probability of treatment. 
Watersheds with less than 2% jurisdiction lands were not considered as a probable location 
for treatment (although there is nothing to rule out a treatment on these lands given a 
willing landowner). As a result, treatments could be applied to any one of 5,600 of the 7,808 
watersheds within the state with more than 2% jurisdiction. 

3. Seventy-five percent of all annual projects within a bioregion (project size = 260 acres, 
number of projects per bioregion = total acres treated annually within a bioregion divided by 
260 acres) were randomly assigned to watersheds with a high probability for treatment and 
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25% of all projects were randomly assigned to watersheds with a low probability of 
treatment. The randomization process was thought to best represent the fact that projects 
are based on willing landowners coming forward with requests to complete projects rather 
than CAL FIRE determining where projects would go. Also, since 99.4% of the 5,600 
watersheds within the State with more than 2% CAL FIRE jurisdiction comprise over 1,000 
acres, the randomization process was allowed to allocate more than one project into a 
watershed in any one year.  

4. The randomization process was also run for five and ten years in order to allocate projects 
over time. Again, one or more projects could be assigned to a watershed at any time during 
the five-year analysis period or the ten-year analysis period.  

5. Maps of the watersheds randomly selected for projects were developed to assist with 
analyzing the consequences. However, since the spatial location of the projects is for 
modeling purposes only, and actual projects would be based on willing landowner 
participation, these maps are not displayed here.  

As a result of the modeling process, the annual number of projects is shown in Table 5.0.6. 
Table 5.0.7 shows the proportion of watersheds potentially receiving treatment by percent of 
watershed likely to be treated after one year of treatments and after ten years of treatments 
(e.g. 8.9% of all watersheds in the South Coast bioregion would have 15-20% of their acreage 
treated in any 10 year period). Table 5.0.8 is similar to 5.0.7 in that it shows for Alternatives 1-4 
the proportion of watersheds within the bioregion by percent watershed by disturbance class 
treated during ten years. Note that the Sacramento, San Joaquin and Colorado Desert 
bioregions have a small number of watersheds and each of these bioregions has a number of 
very small watersheds, some as small as 500 acres. As a result of the modeling process, a 
number of these small watersheds are modeled as 100% treated after ten years. Although a 
small watershed could be completely treated in 10 years, the likelihood is low, and is an artifact 
of the modeling results and not necessarily an indicator of effects.  
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Table 5.0.6 
Proposed Program Potential Number of Projects per Watershed for One Year of Treatments 

BIOREGION 
Acres Number Average 

Watershed Size 
Number of Projects per Watershed 1/ 

Landscape  Treated Watersheds Projects 0 1 2 3 4 5 6 7 
Klamath/North Coast 8,158,000 25,350 1,529 97 7,884 1,436 89 4           
Modoc 3,616,900 22,320 577 85 12,995 502 65 10      
Sacramento Valley 1,524,300 31,200 70 120 55,715 23 13 14 9 7 1 2 1 
Sierra Nevada 6,605,500 42,910 1,425 164 8,679 1,277 133 14 1     
Bay Area / Delta 3,346,500 15,600 496 60 11,592 438 56 2      
San Joaquin 1,799,800 11,710 153 44 50,063 121 22 8 2     
Central Coast 4,989,200 38,000 816 145 8,867 695 101 16 4     
Mojave 3,112,800 2,000 204 8 81,342 197 6 1      
South Coast 2,737,600 20,560 293 78 21,710 225 58 10      
Colorado Desert 2,067,800 7,260 37 18 178,274 24 5 5 1 2    

Grand Total 37,958,400 216,900 5,600 819  4,938 548 84 17 9 1 2 1 
1/ Numbers may not add due to rounding 
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Table 5.0.7 
Proportion of Watersheds Within a Bioregion Potentially Treated by Proposed Program at One Year and After Ten Years of Treatments 

One Year After Treatment 

Bioregion 
Acres Number 

Average 
Watershed Size 

Watershed Disturbance Class 

Landscape Treated Projects Watersheds 0% <5% 5-10% 10-15% 15-20% 20-30% 30-50% 50-100% 
Percent of All Watersheds in Bioregion 1/ 

Klamath/North Coast 8,158,000 25,350 97 1,529 7,884 93.9% 4.1% 1.5% 0.3% 0.0% 0.1% 0.0% 0.0% 
Modoc 3,616,900 22,320 85 577 12,995 87.0% 10.7% 1.9% 0.2% 0.0% 0.2% 0.0% 0.0% 
Sacramento Valley 1,524,300 31,200 120 70 55,715 32.9% 25.7% 20.0% 7.1% 8.6% 2.9% 0.0% 2.9% 
Sierra Nevada 6,605,500 42,910 164 1,425 8,679 89.6% 7.7% 2.2% 0.4% 0.0% 0.0% 0.0% 0.0% 
Bay Area / Delta 3,346,500 15,600 60 496 11,592 88.3% 8.7% 2.8% 0.0% 0.2% 0.0% 0.0% 0.0% 
San Joaquin 1,799,800 11,710 44 153 50,063 79.1% 15.0% 2.6% 1.3% 1.3% 0.0% 0.7% 0.0% 
Central Coast 4,989,200 38,000 145 816 8,867 85.2% 10.4% 3.8% 0.4% 0.1% 0.1% 0.0% 0.0% 
Mojave 3,112,800 2,000 8 204 81,342 96.6% 3.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
South Coast 2,737,600 20,560 78 293 21,710 76.8% 15.7% 3.1% 2.0% 0.3% 1.7% 0.3% 0.0% 
Colorado Desert 2,067,800 7,260 26 37 178,274 64.9% 29.7% 2.7% 2.7% 0.0% 0.0% 0.0% 0.0% 

Grand Total 37,958,400 216,910 827 5,600 Total 88.2% 8.4% 2.5% 0.5% 0.2% 0.2% 0.0% 0.0% 
Ten Years of Treatments 

 Percent of All Watersheds in Bioregion1/ 2/ 
Klamath/North Coast 8,158,000 253,500 970 1,529 7,884 57.9% 23.0% 12.4% 4.1% 4.1% 1.2% 0.3% 0.3%  
Modoc 3,616,900 223,200 850 577 12,995 42.3% 28.9% 12.5% 7.3% 7.3% 4.2% 1.2% 1.2% 
Sacramento Valley 1,524,300 312,000 1,200 70 55,715 0.0% 22.9% 5.7% 4.3% 4.3% 5.7% 15.7% 15.7% 
Sierra Nevada 6,605,500 429,100 1,640 1,425 8,679 39.6% 26.9% 20.2% 6.8% 6.8% 3.0% 0.4% 0.4% 
Bay Area / Delta 3,346,500 156,000 600 496 11,592 36.5% 27.4% 21.2% 6.3% 6.3% 4.2% 0.6% 0.6% 
San Joaquin 1,799,800 117,100 440 153 50,063 30.1% 32.7% 7.8% 6.5% 6.5% 3.9% 6.5% 6.5% 
Central Coast 4,989,200 380,000 1,450 816 8,867 29.7% 25.1% 21.2% 9.8% 9.8% 6.4% 1.8% 1.8% 
Mojave 3,112,800 20,000 80 204 81,342 87.7% 9.3% 0.5% 0.5% 0.5% 0.0% 0.5% 0.5% 
South Coast 2,737,600 205,600 780 293 21,710 11.9% 38.9% 19.1% 7.8% 7.8% 4.8% 5.1% 5.1% 
Colorado Desert 2,067,800 72,600 260 37 178,274 5.4% 64.9% 10.8% 0.0% 0.0% 8.1% 5.4% 5.4% 

Grand Total 37,958,400 2,169,100 8,270 5,600 Total 42.5% 26.2% 16.2% 6.2% 6.2% 3.3% 1.3% 1.3% 
1/ Numbers may not add due to rounding.    2/ The randomization process resulted in 25.7% of the Sacramento Valley, 2.0% of the San Joaquin, and 2.0% of 
the South Coast watersheds having more than 100% of the watershed treated during the 10 year period. As noted above, this is considered an artifact of the 
modeling process and not likely in the “real world”.
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Table 5.0.8 
Proportion of Watersheds by Disturbance Class  

 
DISTURBANCE CLASS  

(PERCENT OF WATERSHED DISTURBED AT 10-YEARS) 1/ 
 0% <5% 5-10% 10-15% 15-20% 20-30% 30-50% 50-100% >100% 

Alternative 1 
Klamath/North Coast 86.2% 9.5% 3.5% 0.5% 0.2% 0.1% 0.0% 0.0% 0.0% 
Modoc 95.7% 3.5% 0.7% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 
Sacramento Valley 7.1% 35.7% 18.6% 5.7% 5.7% 8.6% 11.4% 7.1% 0.0% 
Sierra Nevada 76.8% 16.8% 5.1% 0.8% 0.2% 0.2% 0.0% 0.1% 0.0% 
Bay Area / Delta 75.4% 15.1% 7.7% 0.8% 0.2% 0.0% 0.4% 0.4% 0.0% 
San Joaquin 62.7% 20.9% 7.8% 3.9% 2.0% 1.3% 0.7% 0.7% 0.0% 
Central Coast 67.5% 19.5% 10.8% 1.5% 0.4% 0.4% 0.0% 0.0% 0.0% 
Mojave 96.6% 3.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
South Coast 59.7% 25.9% 5.1% 3.4% 1.4% 2.4% 0.7% 1.4% 0.0% 
Colorado Desert 27.0% 62.2% 5.4% 2.7% 0.0% 2.7% 0.0% 0.0% 0.0% 

Total 78.1% 14.3% 5.3% 1.0% 0.4% 0.4% 0.2% 0.2% 0.0% 
Alternative 2 

Klamath/North Coast 58.1% 22.4% 13.1% 3.8% 3.8% 1.0% 0.3% 0.3% 0.1% 
Modoc 43.7% 25.8% 14.0% 8.3% 8.3% 3.8% 1.0% 1.0% 0.2% 
Sacramento Valley 0.0% 22.9% 5.7% 4.3% 4.3% 5.7% 15.7% 15.7% 25.7% 
Sierra Nevada 39.0% 26.8% 20.6% 7.6% 7.6% 3.2% 0.6% 0.6% 0.1% 
Bay Area / Delta 34.3% 30.2% 20.6% 7.5% 7.5% 3.8% 0.6% 0.6% 0.2% 
San Joaquin 30.1% 32.0% 9.2% 6.5% 6.5% 2.6% 7.8% 7.8% 2.0% 
Central Coast 29.8% 24.9% 20.2% 10.3% 10.3% 7.6% 1.7% 1.7% 0.0% 
Mojave 87.3% 9.8% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.0% 
South Coast 12.6% 37.5% 18.4% 9.2% 9.2% 5.1% 4.1% 4.1% 2.7% 
Colorado Desert 5.4% 67.6% 5.4% 5.4% 5.4% 0.0% 8.1% 8.1% 0.0% 

Total 42.4% 25.8% 16.4% 6.8% 6.8% 3.4% 1.3% 1.3% 0.6% 
Alternative 3 

Klamath/North Coast 58.7% 21.2% 14.1% 4.0% 4.0% 0.7% 0.4% 0.4% 0.1% 
Modoc 42.8% 27.4% 13.5% 9.2% 9.2% 2.9% 0.9% 0.9% 0.3% 
Sacramento Valley 0.0% 22.9% 4.3% 7.1% 7.1% 5.7% 14.3% 14.3% 22.9% 
Sierra Nevada 39.6% 27.1% 19.0% 7.8% 7.8% 3.1% 1.3% 1.3% 0.1% 
Bay Area / Delta 37.3% 24.4% 22.6% 9.3% 9.3% 4.0% 0.8% 0.8% 0.0% 
San Joaquin 29.4% 34.0% 9.8% 6.5% 6.5% 0.7% 9.8% 9.8% 2.0% 
Central Coast 31.6% 21.4% 21.6% 11.9% 11.9% 6.1% 1.7% 1.7% 0.0% 
Mojave 87.3% 8.8% 1.5% 0.0% 0.0% 1.0% 0.5% 0.5% 0.0% 
South Coast 10.9% 38.2% 17.4% 11.6% 11.6% 4.8% 6.1% 6.1% 1.4% 
Colorado Desert 2.7% 64.9% 8.1% 5.4% 5.4% 5.4% 5.4% 5.4% 0.0% 

Total 43.0% 24.8% 16.6% 7.5% 7.5% 2.9% 1.7% 1.7% 0.5% 
Alternative 4 

Klamath/North Coast 77.9% 15.0% 5.8% 1.2% 1.2% 0.0% 0.1% 0.1% 0.0% 
Modoc 56.3% 23.6% 12.3% 4.0% 4.0% 1.7% 0.5% 0.5% 0.2% 
Sacramento Valley 4.3% 27.1% 10.0% 7.1% 7.1% 8.6% 12.9% 12.9% 5.7% 
Sierra Nevada 64.8% 22.5% 9.7% 2.1% 2.1% 0.7% 0.1% 0.1% 0.0% 
Bay Area / Delta 63.7% 21.4% 11.7% 1.6% 1.6% 1.2% 0.4% 0.4% 0.0% 
San Joaquin 51.0% 24.8% 7.8% 7.8% 7.8% 2.6% 3.3% 3.3% 0.7% 
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Central Coast 55.4% 24.4% 13.7% 4.4% 4.4% 1.1% 0.2% 0.2% 0.0% 
Mojave 93.6% 3.9% 1.5% 0.5% 0.5% 0.5% 0.0% 0.0% 0.0% 
South Coast 37.2% 34.1% 13.3% 4.1% 4.1% 3.4% 2.4% 2.4% 0.7% 
Colorado Desert 27.0% 54.1% 10.8% 2.7% 2.7% 5.4% 0.0% 0.0% 0.0% 

Total 64.3% 21.0% 9.5% 2.6% 2.6% 1.0% 0.5% 0.5% 0.1% 
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5.1    Potentially Significant Effects 
Based on an Environmental Impact Report prepared by Jones and Stokes in April, 2000 

(Environmental Impact Report Handbook for Vegetation Management Program, California 
Department of Forestry and Fire Protection) as well as the Notice of Preparation the State 
Board of Forestry and Fire Protection filed with the State Clearing House on August 12, 2005, 
(SCH #2005082054), the following potentially significant effects could result from 
implementation of the Proposed Program. These effects are described in the following sections, 
as noted below: 

 
• There is a potentially significant impact to air quality from smoke generated from 

prescribed fire treatments. (See Section 5.6 – Air Quality) 
• There is a potentially significant impact to water quality as a result of 

implementation of prescribed fire, mechanical, hand, herbicide and herbivory 
treatments. (See Section 5.7, Hydrology and Water Quality) 

• There is a potentially significant impact to visual quality associated with Program 
implementation for community-wide fuel reduction purposes. (See Section 5.13, 
Visual/Aesthetic Resources) 

• There may be a potential for significant cumulative effects resulting from treatments 
under the Proposed Program combined with treatments proposed or being 
implemented by other federal and state agencies and CAL FIRE/applicants. (See 
Chapter 6, Cumulative Effects) 

• There may be a potential for significant impacts to plants, animals and to human 
health from the application of herbicides. (See Section 5.17, Herbicides) 

• There may be significant impacts to special status plant or animal species. (See 
section 5.5, Biological Resources) 

• There may be potential for significant impacts to cultural and historical resources 
associated with Proposed Program treatments. (See Section 5.8, Cultural, 
Archaeological and Historic Resources) 
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5.2  Effects of Program/Alternatives on Wildfire Severity and Extent 

This section summarizes the impacts of implementing the Proposed Program and 
Alternatives on wildfire severity and wildfire extent. Wildfire severity is usually measured by the 
percent mortality of the resulting burned vegetation. Wildfire extent is usually measured as the 
number of acres burned by severity class. Wildfire frequency is the number of wildfires 
occurring in a bioregion in any year. Implementing the Proposed Program or the Alternatives 
responds to several of the goals of the VTP including: 

• Modify wildfire behavior to help reduce catastrophic losses to life and property. 

• Reduce the severity and associated suppression costs of wildfires by altering the 
volume and continuity of wildland fuels. 

• Reduce the risk of large, high severity fires by restoring a natural range of fire-
adapted plant communities through periodic low intensity vegetation treatments. 

5.2.1 Significance Criteria 

Appendix G of the CEQA Guidelines contains only one-significance criteria relating to 
wildfire:  

The Program and Alternatives would create a significant effect if treatments: 

a) Expose people or structures to the risk of loss, injury or death involving wildfires, 
including where wildlands are adjacent to urbanized areas or where residences 
are intermixed with wildlands. 

5.2.2 Determination Threshold 

The Program and Alternatives will have a significant adverse effect if treatments ultimately 
result in an: 

a) Increase of 50% or more in the short term size and severity of individual fires; or 

b) Increase of 50% or more in the frequency of large-scale fires.  

Fifty percent was chosen as the threshold because year-to-year variation is such that 
changes less than 50% are likely to be masked by the statistical variation of wildfire size and 
large-scale wildfire frequency both today and in the future. For instance, the yearly average 
acreage burned since 1950 is 230,00 acres plus or minus 195,250 acres, which is a coefficient of 
variation of 85%.  

5.2.3 Data and Assumptions 

This section describes some of the pertinent literature about the effectiveness of 
treatments at both the treated area scale and at the landscape scale. The difference in the 
effectiveness of the treatments including the scale of treatment is an important consideration 
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for whether the Program or the Alternatives meet both the goals for the program and reduce 
the severity and extent of wildfires. Besides the literature on treatment effectiveness, this 
section also outlines the analytical approach used to describe the impact of the treatments on 
wildfire severity and extent.  

Literature on Treatments 

There is general agreement within the scientific community that over a half- century of 
research shows reduced wildfire severity following fuel treatments (Finney, McHugh and 
Grenfell, 2005). Agee et al., (2000) found that wildfire behavior has been observed to decrease 
with fuel treatment. Simulations conducted by van Wagtendonk in 1996 found both pile 
burning and prescribed fire reduced fuel loads and subsequent wildfire behavior. However, 
most research to date [in California] on fuel treatments, particularly prescribed fire, has taken 
place in regimes of frequent, low-severity fires, such as ponderosa pine and mixed conifer 
forests (Omi and Martinson, 2002a) while not as much research has taken place in crown fire 
regimes (Keeley, 2002). Recent research on chaparral in southern California by Wohlgemuth 
(2001) showed that moderate intensity prescribed fire treatment reduced subsequent wildfire 
burn severity of the treated area from “very high” severity to moderate to high. 

In a 1997 analysis, Sapsis found that: 

“Fuel management practices clearly reduce fire behavior, particularly for area treatments such as 
broadcast prescribed fire (Biswell 1963,Truesdell 1969, Van Wagner 1968, Helms 1979, Rawson 1983). 
Fuel treatments removing ladder fuels on forested systems can significantly affect potential for crown 
fires, which are extremely difficult to control and often devastating (Dodge 1972, Rothermel 1991, Sapsis 
and Martin 1994). Fuels management also significantly reduces wildfire occurrence and acreage burned 
(Weaver 1955 & 1957, Davis and Cooper 1963, Wood 1978,1979). In southern California, fuelbreaks, 
areas previously burned by wildfires, and areas that had been prescribe burned, all contributed to 
limiting the final size of the 1985 Wheeler Fire (Salazar and Gonzalez-Caban 1987). Walker (1995) 
reports that the 1995 Warner Fire and the 1993 Geujito Fire similarly lost intensity when they ran into 
recent prescribed burn areas.  

“Fuels management may have little impact on spread during periods of extreme weather (Rawson 
1983). However, recent wildfires burning under severe conditions in California have shown significantly 
reduced fire behavior when they burned into prescribed fire treated areas. Both the Pierce Fire in Sequoia 
National Park (Stephenson et al., 1991) and the A-Rock fire in Yosemite (Clark 1990) resulted in lower fire 
intensity and associated reduced fire size due to interaction with recently treated areas. Area restricted 
treatments such as firebreaks and fuelbreaks have shown mixed levels of success (Davis 1965, Omi 1977, 
Pyne 1984, Salazar and Gonzalez-Caban 1987). Fuelbreaks are strategically placed strips of low volume 
fuels designed to provide attack points, safe access, and reduced fire behavior. Their spatial placement 
and maintenance frequency influence their effectiveness. In general, surface fire intensity is reduced in as 
much as fuel volume has been regulated in the treatment areas, allowing suppression to act on portions 
of the fire that may otherwise have been uncontrollable. Extreme fire behavior on the heading front of 
wildfires, including crowning and spotting can quickly make fuelbreaks ineffective. Flanking and backing 
fires are often controlled using fuelbreaks as lines for indirect attack (Omi 1977, Salazar and Gonzalez-
Caban 1978). In addition, fuelbreaks form ideal perimeter boundaries for establishing other area-based 
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fuel management units (Omi 1977). In summary, fuels treatment programs reduce, but do not eliminate 
threats from wildfire attributable to fire behavior.”   

Finney (2001) found that the greatest reduction in wildfire size and severity occurs when 
fuel treatment units limit wildfire spread in the heading direction of a wildfire since the heading 
portion of wildfires have the fastest spread rates and highest intensities. On the other hand, 
Finney (2001) also noted that treatments often remove some overstory trees, which can 
produce faster wind speeds in the understory and thereby elongate the fire spread and 
increase spread rates. Also, treatments can actually produce an increase in fire spread rates 
over time if burning and harvesting encourage growth of fine fuels and understory vegetation. 
Raymond and Peterson (2005) found that hardwood sprout regrowth after mechanical 
treatments resulted in higher mortality to mixed evergreen forests burned by wildfire than in 
untreated stands.  

• Prescribed fire 

Carey and Schumann (2003) reviewed 250 papers on the effectiveness of fuel treatments in 
modifying wildfire behavior. They found that there was substantial literature on the use of 
prescribed fire to alter wildfire behavior including case studies, simulations and even, 
significantly, several empirical studies. The several empirical studies seem to show reduced 
crown scorch and tree mortality as a result of treatments using prescribed fire. Others have 
arrived at the same conclusion about the beneficial effects of prescribed fire on altering fuel 
structure and wildfire behavior and effects (Graham, McCaffrey, and Jain 2004). However, 
Graham et al., (2004) state that there is generally less predictability in post treatment stand 
structure following prescribed fire than with mechanical thinning treatments—regardless of the 
targeted condition and burning prescriptions, since prescribed fire is not as precise a tool for 
modifying stand structure and composition.  

While there are risks associated with use of prescribed fire because of the possibility of 
escapes that may cause unintended resource and economic damage, in practice, these types of 
problems are extremely rare relative to the large number of prescribed fires successfully 
conducted every year.  

• Mechanical 

Mechanical thinning has the ability to more precisely create targeted stand structure than 
does prescribed fire (Graham, McCaffrey and Jain, 2004). Used alone, mechanical thinning, 
especially emphasizing removal of smaller trees and shrubs, can be effective in reducing the 
vertical fuel continuity that fosters initiation of crown fires. In addition, thinning of small 
material and pruning branches are more precise methods then prescribed fire for targeting 
ladder fuels. The net effect of removing ladder fuels is that surface fires burning through 
treated stands are less likely to ignite the overstory canopy fuels. However, by itself mechanical 
thinning does little to beneficially affect surface fuels with the exception of possibly 
compacting, crushing, or masticating it during the thinning process. Depending on how it is 
accomplished, mechanical thinning may add to surface fuels (Graham, McCaffrey and Jain, 
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2004). In addition, Raymond and Peterson (2005) found that mortality in Southern Oregon’s 
Biscuit fire was more severe in mechanically thinned treatments compared to no treatment, in 
mixed evergreen forests. On the other hand, a mechanical treatment with follow-up prescribed 
burn resulted in substantially lower mortality due to wildfire compared to untreated stands. 
Researchers agree that while thinning provides more exact control over the trees removed and 
retained in a stand, thinning does not replicate burning processes such as nutrient cycling, 
removal of fine fuels, etc. (Omi and Martinson, 2002a). 

Carey and Schumann (2003) found a limited number of papers on the effects of mechanical 
thinning on wildfire behavior. They report on one case study and one empirical study linking the 
effects of mechanical thinning to reduce wildfire behavior. In the case of the empirical study 
(Omi and Martinson, 2002b) only one out of several study sites showed a reduction in wildfire 
severity as a result of mechanical thinning treatments.  

Carey and Schumann (2003) found a limited number of studies that address the 
effectiveness of a combination of thinning and burning in moderating wildfire behavior. In their 
research they found one case study and one empirical study demonstrating a direct link 
between mechanical thinning followed by prescribed fire and a reduction in wildfire behavior. 
In addition, their analysis of papers describing computer simulations of mechanical/prescribed 
fire treatments showed inconsistent results.  

On the other hand, Stephens et al., (2009) found that “Mechanical treatments without fire 
resulted in combined 1-, 10-, and 100-hour surface fuel loads that were significantly greater 
than [no treatment at all]. Canopy cover was significantly lower than controls at three of five 
sites with mechanical-only treatments and at all sites with the mechanical plus burning 
treatment; fire-only treatments reduced canopy cover at only one site. For the combined 
treatment of mechanical plus fire, all sites with this treatment had a substantially lower 
likelihood of passive crown fire as indicated by the very high torching indices. Sites that 
experienced significant increases in 1-, 10-, and l00-hour combined surface fuel loads utilized 
harvest systems that left all activity fuels within experimental units. When mechanical 
treatments were followed by prescribed burning or pile burning, they were the most effective 
treatment for reducing crown fire potential and predicted tree mortality because of low surface 
fuel loads and increased vertical and horizontal canopy separation. Results indicate that 
mechanical plus fire, fire-only, and mechanical-only treatments using whole-tree harvest 
systems were all effective at reducing potential fire severity under severe fire weather 
conditions. Retaining the largest trees within stands also increased fire resistance.” 

According to Evans et al., (2011), Safford et al., (2009) found that during the 2007 Angora 
Fire in the Lake Tahoe Basin,  combined thinning and pile burning treatments reduced bole char 
height, crown scorching, torching, and mortality. Notably, the Lake Tahoe treatments were 
effective in changing fire behavior from an active crown fire to a surface fire (Safford et al., 
2009).  

According to Evans et al., (2011), mastication can increase surface fuel depth and 
continuity, allowing fires to spread more easily and burn hotter at the soil surface. Evans also 
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reports that soil heating during post-mastication fires has the potential to cause biological 
damage, particularly in dry soil with a mulch depth of 3 inches or greater. 

A preliminary report (Bostwick, Menakis and Sexton, 2011) describing the effectiveness of 
fuel treatments in the area of the Wallow Fire in eastern Arizona, shows that various fuel 
treatments (mostly mechanical) were able to slow crown fires approaching homes in the 
community of Alpine, and in some cases substantially reduced fire intensity and severity. North 
et al., 2009 describe a multi-age silvicultural system that includes ecological restoration which 
can lead to more fire resilient Sierra Nevada forests.  

• Hand Treatments 

The effects of hand treatments on wildfire behavior are expected to be similar to 
mechanical treatments with prescribed fire, as most hand treatments are designed to thin 
understory trees and shrubs, reduce ladder fuels, and utilize hand pile and burn to reduce 
surface fuels.  

• Herbivory 

The effects of herbivory on reducing wildfire behavior have not been well studied. Grazing 
animals can reduce grass height and thus reduce grassland fire flame lengths and fire severity, 
however the effects are often short term. Goats have been used often to reduce shrubs and 
ladder fuels up to approximately five feet in height and thus can resemble hand treatments, 
though goats, sheep, etc., do not affect surface dead fuel loads. Goats are often used as a 
follow-up treatment, though they have been used in Tehama County to initially treat over 4,000 
acres of dense shrublands. Overall, the practice of herbivory is expected to be similar to hand 
and mechanical treatments in terms of wildfire behavior.  

• Herbicides 

Herbicides are normally used in conjunction with other treatments, such as by 
browning/killing shrubs to help carry a prescribed fire through shrublands under weather and 
prescribed burn prescription conditions where burning might not be possible (e.g. during the 
winter). Herbicide application alone is not used to moderate wildfire behavior, except for 
limited treatments to control invasive grasses as practiced in sage ecosystems in the Modoc, 
Colorado Desert, and Mojave Bioregions.  

• Effects of Treatments at the Landscape Scale 

Rice et al., (1981) postulated that a very intensive fuel break system in Southern California 
chaparral stands could reduce average annual acreage burned by 12%. Finney, McHugh and 
Grenfell, (2005) and Keeley (2006) note that very large fires now burn under extreme weather 
conditions and tend to be oriented along a particular axis determined by the direction of 
episodic wind events such as Santa Ana winds. Finney’s 2005 work analyzing the 2002 large 
Arizona fires suggests that [landscape] wildfire growth and severity under extreme weather 
conditions can be reduced by fuel treatments such as prescribed fire in forested ecosystems. In 
addition, Finney’s 2001 paper documents, through simulation, that treating approximately 35% 
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of the landscape can reduce wildfire extent and severity. On the other hand, Keeley in 2006 
found that in chaparral ecosystems at least, the mosaic of treated vegetation did little to stop 
the spread of fire. In fact, Keeley notes that the Southern California fires which burned in 2003 
burned in numerous locations where previous fires had occurred, in some cases within 3 years 
prior to the 2003 fire. Moritz determined that in the South Coast bioregion 10% of all wildfires 
generate 75% of the acreage burned in any one year, mostly due to their occurrence during 
extreme fire weather conditions (Moritz, 1997).  

Analytical Procedure 

For this analysis, the potential location of ten years of Proposed Program treatments across 
the state was combined in a GIS with the number of times that an individual watershed has 
burned in the last 50 years (see Figure 5.2.1 and Table 5.2.1). Over 80% of the watersheds in 
the state burn less than once every ten years, the approximate amount of time over which 
treatments are expected to be effective. The results also show however, that at least for a 
limited number of bioregions, a relatively high proportion of watersheds might be treated that 
burn more than once every ten years. The South Coast Bioregion potentially has the most 
watersheds that could be treated and that burn at least once in ten years – 141 out of 155 
watersheds. The Sierra Bioregion could have potential projects in 254 of the 756 watersheds 
that have burned more than once every ten years, while the Central Coast could have 90 
treated watersheds out of 372 watersheds that have burned at least once in the last ten years. 
For the balance of the state, there could be potential treatments in 202 out of the 968 
watersheds that have burned more than once in ten years. In order to have a landscape effect, 
however, according to Finney, at least 35% of a watershed would need treatment in order to 
reduce the size and severity of wildfires during moderate fire weather conditions. The South 
Coast Bioregion could benefit the most from treatments which could result in a reduction in 
wildfire size and severity at the landscape scale since 26 of the 141 watersheds could 
potentially receive treatments covering 35% or more of the watershed in any ten year time 
period. 
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Figure 5.2.1 
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Table 5.2.1 
Number of Watersheds by Percent Treated and Number of Wildfires Over Last 50 Years 

Bioregion % Watershed Treated 
Number of Wildfires Last 50 Years 

0 =<5 5-
10 

10-
20 

20-
30 

30
+ Grand Total 

  Number of Watersheds 

Sierra 

0% 337      337 

<5% 189 201 89 34 7  520 

5-10% 72 155 53 28  1 309 

10-20% 23 92 26 7   148 

20-30% 8 26 6 1   41 

30-50% 2 6 1 1   10 

50%+ 1 2     3 

Total 632 482 175 71 7 1 1,368 

Central Coast 

0% 106      106 

<5% 71 82 19 7 1  180 

5-10% 40 79 25 5 1  150 

10-20% 24 81 19 4   128 

20-30% 6 32 6    44 

30-50% 7 7 3    17 

50%+ 1 1     2 

Total 255 282 72 16 2  627 

South Coast 

5-10% 1 1 6 10 9 5 32 

<5% 7 1 5 14 8 22 57 

10-20%  6 9 7 4 2 28 

20-30%   6 6 2  14 

30-50%  2 9 5   16 

50%+  4 10 2   16 

Total 8 14 45 44 23 29 163 

Other Bioregions, Klamath/ 
North Coast, Modoc, 
Sacramento Valley, Bay Delta, 
San Joaquin, Mojave, Colorado 
Desert 

0% 1,277      1,277 

<5% 355 381 85 25 8 5 859 

5-10% 159 215 30 5 3  412 

10-20% 63 100 20 2  1 186 

20-30% 12 19 4 2   37 
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30-50% 6 20 3 2   31 

50%+ 6 31 5 2   44 

Total 1,878 766 147 38 11 6 2,846 

Grand Total 2,773 1,544 439 169 43 36 5,004 

Also for this analysis, prescribed burns in surface fire regimes were assumed to change wildfire 
behavior post treatment from moderate to low based on using the USFS Forest Vegetation 
Simulator (FVS) and Forest Inventory Analysis (FIA) plots from the various bioregions. For crown fire 
regimes and regimes not inventoried by the FIA system, predicted flame lengths from Scott and 
Burgan (2005) were used which show changes in fire intensity due to potential treatments including 
changes in severity during extreme fire weather conditions. Overall, this analysis showed that for 
crown fire ecosystems, treatments will most often reduce wildfire severity from severe to moderate 
for extreme fire weather conditions and from severe to low to moderate in more moderate fire 
weather conditions, depending on the vegetation type assessed.  

Mechanical and hand treatments were assigned a lower level of efficacy, such that the severity 
and intensity of wildfires burning in these types of treatments was assumed to be low for surface 
fire regimes and severe for crown fire regimes.  

In addition, not all bioregions were assumed to experience a wildfire during the ten-year term 
during which potential treatments are expected to remain viable. Based on the number of times 
burned since 1950, bioregions were assigned a wildfire likelihood proportionate to the number of 
watersheds that have burned more than five times in the past 50 years compared to the total 
number of watersheds within each bioregion. Thus, the North coast bioregion, where only 90 of 
1,529 watersheds had burned more than 5 times in the past 50 years was assigned a likelihood of 
wildfire burning a treated area of 1 in 17 (e.g. 1529/90). On the other extreme, virtually every 
watershed in the South coast bioregion could be expected to burn every 10 years and the likelihood 
of a treated area burning is much greater than on the North Coast.  

5.2.4 Direct Effects Common to all Bioregions From Implementing the Program/Alternatives  

Table 5.2.2 summarizes the information from the balance of this subchapter on the effects of 
implementing the Program across the state by bioregion in terms of wildfire severity and frequency. 
In this case, a significant effect is one in which there is a 50% increase in the short term size and 
severity of individual fires, or a 50% increase in the frequency of large scale fires.  

The Proposed Program acreage and treatment effects between bioregions have previously 
been described in Tables 5.0.1, 5.0.4 and 5.0.5. The effect of treatments on reducing wildfire 
severity and extent are relatively similar between bioregions. However, the consequences of 
implementing the Proposed Program can vary between bioregions due to the number of acres 
treated, the potential for wildfire to occur, the types of wildfires that do occur, and the vegetation 
in the bioregion.  
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Table 5.2.2 
Summary of Effects 1/ on Wildfire Severity and Frequency From 
Implementing the Proposed Program 
Bioregion Prescribed Fire Mechanical Hand Herbivory 

Klamath / North 
Coast 

MB NB NB NB 

Modoc MB NB NB NB 

Sacramento Valley MB NB NB NB 

Sierra SB MB MB MB 

Bay Area MB NB NB NB 

San Joaquin MB NB NB NB 

Central Coast SB MB MB MB 

Mojave NB NB NB NB 

South Coast SB MB MB MB 

Colorado Desert NB NB NB NB 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. 
Beneficial effects are those effects that improve the diversity, structure, size, integrity, abundance or 
number of; or are within the natural range of variability, for the resource at issue. SA/SB – significant 
adverse or beneficial effects are those effects that are substantial, highly noticeable, at the watershed 
scale; and often irreversible. MA/MB - moderately adverse or beneficial effects - those effects that can be 
detected beyond the affected area, but are transitory and usually reversible. NA/NB - negligible adverse 
or beneficial effects - those effects that are imperceptible or undetectable. 

Consequences of Implementing the Program on Reducing Watershed-Level Wildfire Frequency  

Implementing 216,910 acres of treatments annually (on average) across nearly 38,000,000 
acres of the State of California available for treatment under this program treats about 5% of the 
state’s available area in any ten-year period which is approximately 2% of the entire state. However, 
as noted above, not all treatments are equally effective at reducing the effects of wildfire, 
particularly in crown fire vegetation regimes. Based on Finney and Keeley’s work, treating more 
than 35% of a watershed can potentially reduce wildfire size and severity in surface fire regimes 
during severe fire weather conditions. These benefits occur at the watershed or landscape level, 
that is: treatment of 350 acres of a 1,000-acre watershed potentially reduces wildfire size and 
severity on 1,000 acres, not just the 350 acres treated because, as Finney (2001) points out 
treatments can affect the head fire rate of spread and deflect fast spreading wildfire into a flanking 
fire condition.  

Table 5.2.3 summarizes information from Chapter 4 and shows the average annual acres 
burned by wildfire according to whether they burned in surface or in crown fire vegetation types.  
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Table 5.2.3 
Average Annual Acres Burned by Wildfire 1996-2005 by Vegetative Type and Bioregion 

Bioregion Acres in 
Bioregion 

Treatable Acres 
in Bioregion 

Annual Acres Burned by Wildfire 

Surface Fire 
Vegetation 

Types 

Crown Fire 
Vegetation 

Types 

Total Acres 
Burned 

Klamath / North Coast 14,340,563 8,158,000 5,242 2,204 7,446 

Modoc 8,359,825 3,616,900 1,269 546 1,815 

Sacramento Valley 4,138,720 1,524,300 13,048 22,776 35,824 

Sierra 17,926,621 6,605,500 3,849 9,810 13,659 

Bay / Delta 6,225,831 3,346,500 1,685 6,783 8,468 

San Joaquin Valley 8,603,630 1,799,800 770 15,696 16,466 

Central Coast 7,930,780 4,989,200 264 6,618 6,882 

Mojave 20,283,721 3,112,800 296 22,455 22,751 

South Coast 6,639,611 2,737,600 5,506 37,205 42,711 

Colorado Desert 6,819,050 2,067,800    

Total 101,268,352 37,958,400 31,929 124,093 156,022 

The South Coast Bioregion benefits the most from the Program because 26 of the 163 
watersheds in the bioregion might wind up with more than 35% of the watershed treated in a ten-
year period. For the Sierra only two of the 254 watersheds might potentially have sufficient 
treatments to reduce the potential landscape size and severity of wildfire, while the Central Coast 
might successfully treat nine out of 90 watersheds, and the balance of the state could see 12 
watersheds out of 202 watersheds with sufficient potential treatments to result in a reduction in 
the landscape extent of wildfire.  

Based on Table 5.2.1, about 86,500 acres in the South Coast, Central Coast, and Sierra Nevada 
Bioregions could be expected to experience reduced wildfire size and severity, particularly during 
moderate fire weather conditions, because 35% or more of the watersheds where the treatments 
occur also burn more than once every ten years. Another 336,700 acres in the rest of the bioregions 
could also exhibit reduced wildfire size and severity related to treatment and natural fire frequency.  

Because of the complexity of modeling wildfire occurrence and behavior at the bioregional 
level, let alone at the state level, it is difficult to predict whether implementation of the Program (or 
Alternatives) could reduce the frequency of large-scale wildfires. However, based on the analysis 
above, it appears that the size and severity of wildfires (but not the frequency of wildfires), 
particularly those burning in moderate fire weather conditions, could be reduced at the watershed 
level in the South Coast, Central Coast, and Sierra Bioregions and to a lesser extent in the balance of 
the bioregions, across both surface and crown fire regime adapted vegetation. The analysis also 
suggests that wildfire size could be reduced at the watershed scale during severe fire weather 
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conditions for surface fire regime vegetation types across the entire state, but in crown fire regimes, 
wildfire size at the watershed scale would not be reduced.  

Since Program treatment would likely not greatly reduce the acreage burned by wildfire in most 
bioregions (except in the South Coast, Central Coast and Sierra), the additive total acreage burned in 
the state due to wildfire and prescribed fire could increase by 67% over current levels. That is, 
across the state the reduction in acreage burned by wildfire due to treatments covering more than 
35% of a watershed is substantially less than the additional acreage treated by prescribed fire.  

Consequences of Implementing the Alternatives on Reducing Watershed Level Wildfire Frequency 

Under the Proposed Program, almost 3% of the watersheds within the state (see Table 5.0.7) 
would have treatments during a decade such that more than 35% of a given watershed would be 
treated. Alternative 1 would only treat about 0.4% of watersheds sufficiently to potentially reduce 
the landscape effects of wildfire. Alternatives 2 and 3 would treat about 2.6% and 3.4% respectively 
of all watersheds in the state (Table 5.0.8) during a decade. Alternative 4 would only treat about 
1.0% of all of the state’s watersheds in a decade. Overall, the treatments under the alternatives are 
not expected to greatly affect the level of wildfire frequency, though none of the alternatives is 
likely to increase the frequency of wildfire.  

Consequences of Implementing the Proposed Program on Wildfire Extent and Severity of Treated 
Areas 

As noted above, because of the complexity of modeling wildfire occurrence and behavior at the 
bioregional level, let alone at the state level, it is difficult to absolutely predict whether 
implementation of the Program (or Alternatives) could reduce the extent or severity of wildfire at 
the watershed scale. It is only slightly less difficult to determine whether implementation of the 
Proposed Program or the Alternatives could reduce wildfire extent and severity within the treated 
areas themselves. Wildfire extent and severity in treated areas is partly a function of the efficacy of 
the treatments, vegetation type(s) treated, fire weather conditions and most importantly, whether 
a treated area would be expected to be burned by wildfire during the time the treatment remains 
effective. Reducing wildfire intensity within treated areas requires assessing both the efficacy of the 
treatments themselves as well as the possible extent and severity of wildfires that might occur.  

Based on the methodology described above, Table 5.2.4 shows the likely consequences of 
implementing the Proposed Program in terms of the expected severity/extent of wildfires burning 
both treated and untreated lands, as well as the severity of both wildfires and prescribed fires. 
Treated acreage shown is less than the Program as herbivory and herbicide treatments are not 
expected to greatly affect wildfire behavior.  
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Table 5.2.4 
Comparison of Average Wildfire Acres Burned per Year to Total Acres Burned as a Result of      
Program Implementation 

Bioregion 

Average Wildfire Acres 
Burned Per Year 1996-2005 

by Severity Class 

Treatments by 
Bioregion 

Average Annual Total Acres Burned 
(Wildfire and Program Prescribed 
Fire Combined) by Severity Class 

Moderate Severe Total 
Prescribed 

Fire 
Mechanical 
and Hand Low Mod Severe All classes 

Klamath / North Coast 5,200 2,200 7,400 13,400 7,100 14,100 4,800 2,000 20,900 

Modoc 1,300 500 1,800 11,800 6,300 12,300 1,100 300 13,600 

Sacramento Valley 13,000 22,800 35,800 16,500 8,700 20,400 14,400 17,600 52,300 

Sierra 3,800 9,800 13,700 22,700 11,900 25,700 5,500 5,100 36,400 

Bay / Delta 1,700 6,800 8,500 8,300 4,300 8,600 2,000 6,100 16,700 

San Joaquin Valley 800 15,700 16,500 6,200 3,300 6,800 1,500 14,400 22,700 

Central Coast 300 6,600 6,900 20,700 10,900 23,000 3,100 1,400 27,500 

Mojave 300 22,500 22,800 1,100 600 1,100 300 22,400 23,800 

South Coast 5,500 37,200 42,700 10,900 5,800 16,000 10,400 27,200 53,600 

Colorado Desert 0 0 0 4,100 2,200 5,200 1,300 300 6,700 

Total 31,900 124,100 156,000 115,700 60,800 133,200 44,300 96,800 274,300 

The average number of acres annually burned by wildfire between 1996 and 2005 has been 
around 156,000, of which 124,000 acres have burned at high severity. Implementing the Program 
could potentially burn an additional 115,000 acres, mostly at low to moderate intensity. Due to 
treatments, particularly in the South Coast, Central Coast and Sierra Bioregions, the number of acres 
severely burned by wildfire could fall from 124,000 acres per year to ~ 97,000 acres per year. Part of 
the reason that there is not a larger effect is that only about 41,500 acres of treatments in any one-
year period could be expected to burn in a wildfire.  

The proportion of acres severely burned (mostly from wildfire but some from prescribed fire) 
could decrease by 22% in any one decade (343,000 acres of the 1.56 million acres that are burned 
by wildfire on jurisdiction lands). Given the increase in total acres burned (wildfire and prescribed 
fire) from 156,000 acres to 274,000 acres there could be an associated increase of 8% in total acres 
burned at a moderate level and a 76% increase in total acres burned at a low severity level as a 
result of implementing the Program while the area burned at high severity might drop by 22%. The 
Proposed Program would meet the goal to reduce detrimental effects on the environment due to 
wildfire since 22% of the jurisdiction lands would be expected to burn at a lower severity annually 
due to the Program’s implementation.  

The Proposed Program would likely meet Goal number 6, which seeks to reduce the 
detrimental environmental effects of high intensity wildfire on watersheds through treatments that 
reduce fire extent and severity. As noted above, implementation of the Proposed Program would 
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reduce fire severity on 22% of the acres treated annually. In addition, the Proposed Program would 
also likely meet Goal 2 to reduce catastrophic losses to life and property and Goal 3 to reduce the 
severity and associated suppression costs of wildland fires. Each decade about 343,000 acres of the 
1.56 million acres that are burned by wildfire on jurisdiction lands would burn at lower intensity due 
to treatments under the Proposed Program, which is likely to reduce the severity of the fires 
themselves as well as suppression costs ($105.3 million in 2005) and the potential losses to life and 
property (an average of 458 structures per year between 2000 and 2005).  

Consequences of Implementing the Alternatives on Wildfire Extent and Severity of Treated Areas 

Implementing the alternatives results in a different total number of acres burned each year as 
well as the potential acres burned at high severity. Using the same logic described above, Table 
5.2.5 shows possible results from implementing the Alternatives. 

Table 5.2.5 
Total Average Annual Acres Burned by Alternative  
by Wildfire and Prescribed Fire by Severity Class 

 Low Moderate Severe All classes 

Alt 1 34,300 35,300 116,700 186,400 

Alt 2 141,700 45,400 95,400 282,400 

Alt 3 142,400 45,200 94,800 282,400 

Alt 4 7,600 38,200 118,700 164,500 

Although no alternative would create a potential increase in wildfire extent/severity, 
implementation of Alternative 4 would have the least impact of all of the alternatives on reducing 
the amount of acres that are severely burned every year. Implementation of Alternative 1 would 
not have any effect on wildfire severity, since wildfire severity today includes treating 47,000 acres 
per year. Alternative 4 would not have much effect on wildfire severity because while it treats twice 
as many acres as the Status Quo, it treats so few acres that severity only decreases by about 5,000 
acres per year. Implementation of Alternative 2 would have approximately the same impact on 
wildfire severity as implementing the Program. Alternative 3 would likely be less effective than the 
Program at reducing wildfire extent and severity because even though it winds up treating a 
somewhat larger number of acres in any decade at the 35% level it only treats about 13.7 million 
acres with prescribed fire and mechanical treatments while the Proposed Program would treat 
about 22.4 million acres with prescribed fire and mechanical treatments. Mechanical treatment 
followed by prescribed fire, and prescribed fire and mechanical treatments alone are far more 
effective at lowering fire severity and intensity than hand, herbivory or herbicide treatments.  

Alternative 2 would meet Goal 6 (reduce the detrimental effects to the environment by 
wildland fire) at approximately the same rate and magnitude as the Proposed Program. Alternatives 
1 and 4 would not meet Goal 6 nearly as well as the Proposed Program, due to the fact that each of 
these alternatives treats so few acres. In addition, Alternative 4 would limit prescribed fire and 
mechanical treatments to a landscape of only about 11.7 million acres compared to the Proposed 
Program and Alternative 2, which would limit the treatable landscape to about 22.4 million acres.  
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Alternative 3 would not meet Goal 6 to reduce detrimental effects of wildland fire as well as the 
Proposed Program because while it treats about the same number of acres annually, the treatable 
landscape where prescribed fire and mechanical treatments would take place, which represents 
about 75% of all treatments, would only take place on about 13.7 million acres. 

Alternative 2 would likely meet Goals 2 and 3 to reduce losses to life and property and reduce 
suppression costs in a manner similar to the Proposed Program. Alternative 1, the Status Quo would 
not change the suppression costs of wildland fire nor would it reduce losses to life and property, 
since CAL FIRE already treats about 470,000 acres per decade and these treatments are already 
factored into current estimates of the costs of suppression ($105.3 million in 2005) and losses to life 
and property (an average of 458 structures/year between 2000 and 2005).  

Alternative 3 would initially meet Goals 2 and 3 but over the long term, fewer acres would be 
treated by prescribed fire and mechanical treatments compared to the Proposed Program (13.7 
million acres compared to 22.4 million acres, respectively). As a result, over the long term, 
Alternative 3 would not meet Goals 2 and 3 to the same extent as the Proposed Program.  

Alternative 4 would meet Goals 2 and 3 at a slightly faster rate than Alternative 1, however it 
would lag far behind the Proposed Program and Alternatives 2 and 3 at reducing wildfire 
suppression costs and at reducing the likely number of structures that burn every year.  

5.2.5 Indirect Effects of Implementing the Program/Alternatives 

Indirect effects of implementing the Program or Alternatives are numerous and include both 
beneficial impacts and adverse impacts as a result of both increasing the total number of acres 
burned while at the same time reducing the number of acres severely burned.  

One of the most important indirect effects is the potential for prescribed fires, particularly 
broadcast burns, to escape control. Few such incidents occur, notwithstanding several very high 
profile escaped fires such as the Lewiston fire in Northern California in 1999 and the Cero Grande 
Fire in New Mexico in 2001. Graham, McCaffrey and Jain concluded in their 2004 report that the risk 
of prescribed fire escaping is “extremely” low given the number of prescribed burns which take 
place each year. Escapes can occur if weather predictions are ignored, or are inaccurate, if data is 
misinterpreted or wrongly analyzed, if fuel loading is underestimated or if lighting or holding crews 
do not follow the prescribed burn plan. The effects of escaped prescribed fire include more 
watershed area burned than planned, possible catastrophic effects to improvements such as 
homes, barns, fences, crops, etc. and additional fire suppression resources are often needed to put 
out the resulting escaped fire. These indirect effects can be reduced by using VTP funds to 
rehabilitate areas burned due to escaped fire, using required insurance settlements to provide 
reimbursements for effects to improvements such as houses and maintaining sufficient suppression 
resources on site to suppress any escaped fire at the smallest possible size.  

Positive indirect impacts due to a reduction in acres severely burned can include increased 
firefighter safety and potentially fewer catastrophic losses to human life and property. Fewer acres 
severely burned could also potentially reduce impacts to air quality and to water quality. On the 
other hand, the number of acres burned at low and moderate severity could potentially result in 
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minor to moderate adverse impacts to wildlife, vegetation, air quality and water quality. These 
impacts are addressed in other subsections of Chapter 5. 

5.2.6 Determination of Significance 

Implementation of the Program would not result in a 50% increase (the threshold of 
significance) in the frequency of large-scale wildfires. Indeed, as a result of Program implementation 
over a ten-year period, there is a potential to actually reduce the size and severity (but not the 
number) of large-scale wildfires on approximately 290,000 acres of watersheds during moderate fire 
weather conditions. Implementation of the Program would not expose people or structures to 
substantial risk of loss, injury or death involving wildfires, including where wildlands are adjacent to 
urbanized areas or where residences are intermixed with wildlands, resulting in a less than 
significant impact to the environment.  

Implementation of the Program would not create a 50% or more increase (the threshold of 
significance) in the short-term in the size or severity of individual wildfires. Indeed, as a result of 
Program implementation there might be as much as a 20% reduction in the acreage that is severely 
burned by wildfire each year. Implementation of the Program would not expose people or 
structures to substantial risk of loss, injury or death involving wildfires, including where wildlands 
are adjacent to urbanized areas or where residences are intermixed with wildlands resulting in a 
less than significant impact to the environment.  

Implementation of the Proposed Program would not result in significant increase in Wildfire 
Severity and Extent; therefore, no mitigation is required.  

5.2.7 Similar Effects Described Elsewhere 

See Section 5.4 for a discussion of the potential climate effects that might alter wildfire 
frequency and severity over the next 50 years. In addition, Section 5.6 discusses the impacts of 
implementing the Program and Alternatives on air quality, Sections 5.5.1 through 5.5.5 discuss 
impacts to biological resources, and Section 5.7 discusses impacts to water quality.  
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5.3   Reserved for Future Use 
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5.4  Response of Program/Alternatives to Climate Change 

This section summarizes the impacts of implementing the Proposed Program and Alternatives 
on climate change. An analysis of the effects of the Program and Alternatives on climate change, 
and of the effects of a changing climate on vegetation and treatment combinations, is warranted as 
a result of the approval of AB 32, the Global Warming Solutions Act, Executive Order S-3-05 issued 
on June 1, 2005 and the requirements of CEQA. 

5.4.1 Significance Criteria 
In 2005, in recognition of California’s vulnerability to the impacts of climate change, Governor 

Schwarzenegger issued Executive Order S-3-05, which set forth a series of target dates by which 
statewide Greenhouse Gas (GHG) emissions would be progressively reduced, as follows:  

• By 2010, reduce GHG’s to 2000 levels 
• By 2020, reduce GHG’s to 1990 levels; and 
• By 2050, reduce GHG’s to 80% below 1990 levels. 

In 2006, California passed the California Global Warming Solutions Act of 2006 (Assembly Bill 
32; California Health and Safety Code, Division 25.5, §38500, et seq., or AB 32), which requires CARB 
to design and implement emission limits, regulations, and other measures such that feasible and 
cost-effective statewide GHG emissions are reduced to 1990 levels by 2020 (representing an 
approximately 25% reduction in emissions; COE, 2008). In January of 2010, the office of Attorney 
General released a set of 60 mitigation measures that local agencies and project proponents can 
take to mitigate the impacts of climate change from their projects and polices. These mitigation 
measures cover a broad set of possible measures including two that particularly apply to forestry: 

• Preserve forested areas, agricultural lands, wildlife habitat and corridors, wetlands, 
watersheds, groundwater recharge areas and other open space that provide carbon 
sequestration benefits 

• Protect existing trees and encourage the planting of new trees. Adopt a tree protection 
and replacement ordinance. 

The 2020 target reductions are currently estimated to be 174 million metric tonnes/year of CO2 
equivalents. In total, the 44 recommended early actions described by the Attorney General in 
January, 2010 have the potential to reduce GHG emissions by at least 42 million metric tonnes/year 
by 2020, representing about 25% of the estimated reductions needed by 2020. CARB staff is working 
on 1990 and 2020 GHG emission inventories in order to refine the projected reductions needed by 
2020 and identify the additional reduction measures required to meeting the 2020 target.  

On March 18, 2010, the final CEQA Guidelines for GHG emissions analysis in CEQA documents 
went into effect as a result of rulemaking required under SB97. These significance criteria and 
determination thresholds for GHG emissions are described below. In December 2010 ARB adopted 
regulations for a cap and trade program under AB 32. These incorporate protocols for measuring 
carbon benefits from forest management, avoided conversion and reforestation projects for use as 
carbon offsets. Thus, current regulations recognize the potential GHG benefits of forest 
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management activities and their value in mitigating climate change.  

Based on Appendix G of the CEQA Guidelines, GHG impacts would be considered significant if 
the Program and Alternatives would: 

a) Generate greenhouse gas emissions, either directly or indirectly that conflict with the 
State goal of reducing GHG emissions in California to 1990 levels by 2020, as set forth in 
AB 32, California Global Warming Solutions Act of 2006. 

b) Conflict with an applicable plan, policy or regulation adopted for the purpose of reducing 
the emissions of greenhouse gases. 

5.4.2 Determination Threshold 
The CARB has not set thresholds for GHG emissions. The Natural Resources Agency instructs the 

lead agency for a project/program to set determination thresholds. Both the Bay Area Air Quality 
Management (BAAQM) District and the San Joaquin Valley Air Pollution Control District have 
developed thresholds for greenhouse gas emissions. The BAAQM threshold states that non-
stationary projects create significant effects if they are a) not in compliance with a qualified GHG 
reduction strategy, or b) emit more than 1,100 metric tonnes of CO2E/year, or c) emit more than 4.6 
metric tonnes of CO2E/year/service population (the service population is the total number of 
residents plus employees within an air quality management district). The San Joaquin Valley Air 
Pollution Control District threshold states that a stationary project’s GHG emissions must have been 
reduced or mitigated by at least 29%, as compared to Business-as-Usual in order for there to be a 
less than significant effect. The ARB scoping plan and most recent emissions inventory (May 12, 
2010 - http://www.arb.ca.gov/cc/ inventory/data/data.htm) shows net forestry emissions of –3.98 
million metric tonnes of CO2E/year. That is forests and rangelands in the state of California are a net 
sink for carbon emissions. For the purposes of this EIR and consistent with AB32, the Program and 
Alternatives will have a significant effect if treatments: 

a) Result in CO2 levels by 2020 that are in excess of those established by the State Air 
Resources Board.  

5.4.3 Data and Assumptions 
CAL FIRE Fire and Resource Assessment Program’s 2010 Forest Resource Assessment (CAL FIRE, 

2010) documents several important trends associated with the effects of climate change including 
(see page 252 of CAL FIRE report) 

• The results [of climate modeling] show an expected increase in temperature among all ecological 
units, but the magnitude of the increase varies with ecological units. For all ecological units, average 
annual temperatures are expected to increase within the range of 0.8 degrees Celsius (1.4 °F) in 2039 
to 2.7 degrees Celsius (4.9 °F) in 2099.  

• Maximum daily temperatures during summer months showed the greatest increase in interior 
ecological sections including: Northwestern Basin and Range, Modoc Plateau, 
Mojave/Sonoran/Colorado deserts, Sierra and the Sierra foothill ecological sections. Temperature 
changes alone are expected to result in declining snowpack, affecting water resources and related 
environmental services.   

http://www.arb.ca.gov/cc/inventory/data/data.htm
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• A variable pattern of annual precipitation is expected; increasing through 2069, then followed by a 
large decrease by 2099.  

In addition CAL FIRE’s 2010 assessment predicted that: 

• Carbon stocks were found to be mostly stable through 2050 and then declining substantially through 
2100.  

• Below ground carbon pools showed less variation than aboveground carbon pools. 
• The expected loss of carbon sequestration from wildfire, insects and disease was much more 

extensive than from development. 
• Threats to the loss of terrestrial carbon (forest and range) from development were greatest in the San 

Francisco Bay Area, and the South Coast and Sacramento Valley bioregions. The current amount of 
medium and high priority landscapes are two to three percent in 2010 expanding to 10 to 14 percent 
by 2100. 

• The results show a mixed response among tree species, with some species showing an expansion in 
range and some species contracting in range by 2080. 

• The two climate models used to estimate future conditions were reasonably consistent in predicting 
the shift in a species range. For several of the indicator species both GCMs predicted gains or losses in 
range that were within 10 percent of each other. Although for one species, giant sequoia 
(Sequoiadendron giganteum), the estimated extent of gain in species range varied by 58 percent 
between the two climate models. 

• Many tree species showed a shift toward higher elevations and towards northern latitudes. 

CAL FIRE also reported that (pg 254): 

Although GCMs (General Climate Models) are fairly consistent in their predictions of increasing 
temperature, there is less agreement among models forecasting precipitation patterns. While models 
show variation in wetter or drier trends, the seasonal distribution of rainfall is still typical of 
Mediterranean climate, with most precipitation occurring during the winter months. In general, the 
climate models show little or no change in annual precipitation, but they do show substantial 
interannual and decadal fluctuations in precipitation (Cayan et al., 2006).  

Wildfire risk will continue to be highly variable across the state. Research suggests that large 
fires and burned acreage will increase throughout the century (Westerling and Bryant, 2006; Lenihan 
et al., 2008), with some declines after mid-century due to vegetation type conversions. Recent 
research estimates that the wildfire area burned is expected to increase by at least 100 percent in the 
forests of Northern California (Westerling et al., 2009). This estimate was consistent for the three 
GCMs that were used in the analysis.  

Recent research suggests that regardless of the climate model or emissions scenario an increase 
in wildfire is expected (Westerling et al., 2006). By mid-century the frequency of large wildfires is 
expected to increase by 30 to 50 percent, and could reach as high as 94 percent by 2085 under the A2 
emissions scenario (Westerling, 2009).  

Section 4.4, Climate Change in California contains the baseline to be used to determine if 
implementing the Program or the Alternatives would have a significant effect on the environment. 
Portions of Chapter 4 are reproduced here to provide context for the determination of significance.  

Currently, forests in California are thought to operate as a net sink for CO2. However, estimates 
of carbon sequestration rates have varied substantially. As part of the Global Warming Solutions Act 
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(AB32) the Air Resources Board has reported forests to operate as -5 MMT CO2eq. More recent 
reports by CAL FIRE and USFS estimate carbon sequestration on forest lands to be on the order of -25 
to -30 MMT CO2eq. 

In addition to the amount of carbon sequestered in forestlands the trend or likelihood of future 
storage must also be considered. The Scoping Plan for implementing The Global Warming Solutions 
Act estimated that forests were currently sequestering approximately -5 MMT CO2eq, but that the 
sequestration rate was declining and would become negligible by 2020 (CARB, 2008). A USFS study 
estimated that national forests in California were currently operating as a substantial sink, but that 
over the next several decades there were great risks to carbon storage depending on disturbance and 
management regimes (Goines and Nechodom, 2009). Using the MC1 vegetation model CAL FIRE 
estimated that carbon stocks were relatively stable through 2050, but then declines would occur 
through 2100 (CAL FIRE, 2010). In addition, there were substantial acres of forestland, with high 
carbon storage, that are at risk from wildfire and mortality from forest pests (Table 4.4.5 and Figure 
4.4.8). 

Indirect effects of the trend in climatic change include an increase in the frequency and intensity 
of wildfires in several vegetation types, which is likely to play a role in the expansion of grasslands. A 
warmer, drier climate will likely increase the number of days of severe fire danger. The fire season in 
California and elsewhere seems to be starting sooner and lasting longer, with climate change being 
suspected as a key mechanism in this trend (Flannigan et al., 2000; Westerling et al., 2006). The 
rolling five-year average for acres burned by wildfires on all jurisdictions increased in the past two 
decades from 250,000 to 350,000 acres (1987–1996) to 400,000 to 600,000 acres (1997–2006) (2006, 
California Wildfire Activity Statistics). In addition, the three largest fire years since 1950 have occurred 
this decade, with both 2007 and 2008 exceeding the previous five-year average. 

Wildfire risk will continue to be highly variable across the state. Research suggests that large 
fires and burned acreage will increase throughout the century (Westerling and Bryant, 2006; Lenihan 
et al., 2008), with some declines after mid-century due to vegetation type conversions. Recent 
research estimates that the wildfire area burned is expected to increase by at least 100 percent in the 
forests of Northern California (Westerling et al., 2009). This estimate was consistent for the three 
GCMs that were used in the analysis. This is likely to have adverse effects on air quality, especially 
during summer and fall months. Another study used data from three CDF ranger units (Santa Clara, 
Amador, and Humboldt) to model potential effects to vegetation and wildfire under differing climate 
change scenarios (Fried et al., 2004). When interpolated to most of northern California’s wildlands, 
these results translate to an average annual increase of 5,000 hectares (12,355 acres) burned by 
contained fires. Fire suppression was simulated using CFES (California Fire Economics Simulator). 
Across all SRA lands in northern California the model predicted 114 additional escapes per year. This 
is roughly a doubling of the number of escapes under current conditions. 

California is losing forestland at increasing rates:  35,000 to 40,000 acres of private forestland is 
converted annually to non-forest uses (Stewart, 2005), which could contribute as much as 12 million 
tons of CO2 emissions annually. Policies designed to minimize or prevent forestland conversion to 
non-forest uses could provide significant benefits by 1) preventing or minimizing climate change 
emissions that are associated with increasing forestland conversion in California and 2) maintaining 
the opportunity to increase forest carbon stocks on these lands through additional sequestration over 
time. Forest conservation can also enhance and protect biodiversity, water quality, and habitat 
resources that the state will increasingly seek to protect from the negative effects of climate change. 
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The California Energy Commission (CEC) has completed substantial work over the last several 
years on the sources and amounts of CO2 in California. In addition, a fair amount of research has 
been conducted by the USDA Forest Service on the carbon content and the carbon emissions of 
forest and rangeland in the US. However, neither the CEC nor the USFS work on CO2 has developed 
carbon-specific information based on research for California plant species. Most of the work by the 
CEC on baseline quantities of CO2 (Brown, et al., 2004a) and updated baseline quantities of CO2 
(Petrova, et al., 2006) utilizes work from Smith et al., (2003), which describes carbon stocks for the 
entire US. Brown’s (2004a) work for the CEC converted DFG’s 57 WHR types in the State into eight 
Smith vegetation types, which were then aggregated into the eight WHR lifeforms described in 
Table 2.2. Based on Brown’s work, CO2 stocks for the major WHR lifeforms of the State were 
calculated. Brown’s work also addresses CO2 recruitment (sequestration) due to vegetation growth 
as well as CO2 emissions from wildfires and from timber harvest and conversion of forest and 
rangeland to development. Only the emissions from wildfires and the accretion in sequestered 
(stored) CO2 due to plant growth are considered here, since the Proposed Program and Alternatives 
are not expected to result in direct changes to the patterns of timber harvest or development. As 
stated in the Program description, only about 10% of the annual acreage treated mechanically is 
expected to produce biomass where the GHG emissions would be different than if the material 
were left on site. The removal of this material to biomass plant represents about 2% by acreage of 
all treatments.  

CO2 sequestration due to plant growth described by Brown (2004b) is based on using USDA 
Forest Service Forest Inventory and Analysis plots to determine annual increases in biotic vegetation 
converted to tons and then converted into annual CO2 accretion. California forestlands typically 
increase (sequester) CO2 stocks at a rate of approximately ½ metric ton of CO2 per acre per year. 
The annual increase in CO2 stocks due to sequestering of atmospheric CO2 by woodlands, 
shrublands and grasslands is (based on Browns 2004 work): 

• Annual increase in CO2 stocks for timberlands is about 0.50 tons per year 
• Annual increase in CO2 stocks for woodlands is about 0.42 tons per year 
• Annual increase in CO2 stocks for shrublands is about 0.11 tons per year 
• Annual increase in CO2 stocks for grasslands is about 0.04 tons per year.  

CO2 emissions from wildfire were calculated based on assumptions about the percent of the 
vegetation volatilized by wildfire as described by Brown (2004b) and then using those percentages 
to estimate the amount of CO2 stocks, by lifeform, that would be depleted.  

The benefits of treatments were based on comparison of projected increases in vegetative 
biomass over time due to treatment compared to no treatment. Typical increases due to treatment 
were in the range of a 15% increase in biomass over 10 years, which is a 1.5% increase in vegetative 
biomass per year.  

Finally, much modeling of long-term vegetation trends in California has been completed 
describing the likelihood of changes in vegetation occurrence as a result of global warming. Many 
researchers predict that forest and shrublands at low elevations will gradually change to grasslands 
as a result of global warming. At high elevation, conifers forests are predicted to move up in 
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elevation displacing high elevation alpine shrub forests. Because the VTP is a program to treat 
vegetation types and is not being analyzed spatially, changes in vegetation over time favoring one 
type over another as a result of global warming are not likely to affect the environmental 
consequences described below. Treating grasslands today with treatments described below is not 
likely to be different than treating grasslands in the future that were formerly forest or shrublands, 
particularly given the landscape constraints, minimum management requirements and mitigation 
measures in effect at the programmatic level as well as the practices employed at the project level.  

5.4.4 Direct Effects Common to all Bioregions From Implementing the Program and 
Alternatives  

Section 4.4 provides the context for describing the consequences on climate of implementing 
the Proposed Program and Alternatives. The Proposed Program potential treatment acreage by 
bioregion is described in Tables 5.0.1, 5.0.4, 5.0.5 and 5.0.7. Total acreage treated over a ten-year 
period is projected to be approximately 2.16 million acres, which represents about 5.1% of the total 
acreage of CAL FIRE jurisdiction lands that might be treatable in any ten-year period.  

Table 5.4.1 summarizes the information from the balance of this chapter on the effects of 
implementing the Program across the state by bioregion in terms of effects to climate, specifically 
CO2. 
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Table 5.4.1 
Summary of Effects 1/ to Climate from CO2 Due to Implementing 
Treatments by Treatment Type and Bioregion 

Bioregion Prescribed Fire Mechanical Hand Herbivory 
Klamath/North 
Coast 

MA NB NB NB 

Modoc MA NB NB NB 
Sacramento Valley MA NB NB NB 
Sierra MA NB NB NB 
Bay Area MA NB NB NB 
San Joaquin MA NB NB NB 
Central Coast MA NB NB NB 
Mojave MA NB NB NB 
South Coast MA NB NB NB 
Colorado Desert MA NB NB NB 
1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. 
Beneficial effects are those effects that improve the diversity, structure, size, integrity, abundance or 
number of; or are within the natural range of variability, for the resource at issue. SA/SB – significant 
adverse or beneficial effects are those effects that are substantial, highly noticeable, at the watershed 
scale; and often irreversible. MA/MB - moderately adverse or beneficial effects - those effects that can 
be detected beyond the affected area, but are transitory and usually reversible. NA/NB - negligible 
adverse or beneficial effects - those effects that are imperceptible or undetectable. 

 
Landscape Constraints and Minimum Management Requirements That Reduce Climate 
Effects 

Although there are standard practices in the Proposed Program that reduce the effects of 
prescribed fire on air quality, there are no specific minimum management requirements or 
landscape constraints designed to reduce the effects of implementing the Program on climate, 
specifically on CO2 emissions in California.  

Proposed Program and Alternatives Non-CO2 Greenhouse Gas Emissions 

Prescribed herbivory using ruminants can produce CH4 as a by-product of the digestion 
process in cows, goats, etc. However, the Proposed Program is not expected to lead to an 
increase in the number of cows, goats, or other ruminants in the state. Instead, a small number 
of the existing stock of cows, goats, etc. in California would likely be moved to VTP project areas 
in lieu of traditional feeding and grazing regimes. For these reasons, the impact of prescribed 
herbivory on CH4 emissions in the state are not considered further.  

Emissions of non-CO2 gases, including methane (CH4) and nitrous oxide (N2O) may 
exacerbate global warming. Methane has 28 times the global warming potential of CO2, so 
even small volumes of methane might be important. Brown (2004b) has estimated that 
wildfires on California forest and rangelands produce emissions of 0.011 million metric tonnes 
of N20 per year (about 0.27% of total equivalent CO2 emissions/year and 0.096% of total CO2 
sequestered/year). Brown also estimates that California wide wildfires and timber harvest 
produce about 0.15 million metric tonnes of CH4 per year (4.7% of annual equivalent CO2 
emissions and 1.3% of annual sequestrations of CO2). The Proposed Program and Alternatives 
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would only treat about 0.2% of the State’s forest and rangelands per year, which would result 
in CH4-equivalent generation of no more than 0.0037% of total California forest and rangeland 
CO2 emissions per year. Total Program or Alternative N2O emissions would represent about 
0.002% of total CO2 sequestered per year in California. Because the amounts of non-CO2 gases 
produced on forest and rangelands from wildfire and timber harvest are so small compared to 
total CO2 emissions and sequestrations, they are not further analyzed here.  

Proposed Program CO2 Emissions 

Carbon dioxide is one of the five most important greenhouse gases, which act to retain 
heat in the atmosphere by allowing short –wave radiation (light) to pass through, but act as a 
barrier to long wave radiation (heat). While carbon dioxide is not the strongest greenhouse gas 
(methane is 30 times more effective at trapping heat), next to water vapor it is by far the most 
prevalent (Harmon, 2006).  

At the global scale, deforestation and fire create the second-largest source of human 
caused CO2 emissions to the atmosphere (Salwasser, 2006). According to the U.S. 
Environmental Protection Agency, carbon sequestration by U.S. forests currently offsets about 
12% of annual U.S. greenhouse gas emissions from all sectors (Salwasser, 2006). On the other 
hand, the U.S. continues to lose forests to development at a rate of about one million acres per 
year, and is projected to lose 23 million acres by 2050 (Stein, et al., 2005). And, as noted in 
Chapter 4, California forestland is being lost at a rate of 35,000-40,000 acres per year, which is 
the equivalent of a loss of about 12 million tons of CO2 that would normally be sequestered 
annually (Cal EPA, 2006).  

The options available to mitigate carbon accumulation in the atmosphere via measures 
taken within the forest and range sector include 1) Increasing or maintaining forest area by 
avoiding deforestation, including within urban areas; 2) Increasing carbon sequestration using 
management practices that accelerate forest regeneration and growth, slow decomposition at 
the stand level, or use longer rotations, and 3) Increase product substitution using forest-
derived materials to replace material with higher fossil fuel requirements (Krankina and 
Harmon, 2006).  

CO2 emissions produced by land use and forestry practices can cause CO2 atmospheric 
concentrations to increase. The total contribution to California’s carbon emissions from forest 
and rangelands, due to timber harvest, mortality from fire and insects, etc., was estimated at 
5.12 million metric tonnes/year (based on data from 1987 to 2000 and extrapolated to the 
entire state - Winrock, 2004). Of the 5.12 million metric tonnes/year of CO2 emitted by forest 
and rangelands, about 42% (2.12 million metric tonnes) was due to wildfire. The California 
Energy Commission estimated forest and rangeland emissions at 4.7 million metric tonnes in 
2002 (Bemis and Allen, 2005).  

California’s annual forest and rangeland emissions of 4.7 to 5.12 million metric tonnes of 
CO2 is offset by the amount of carbon that is annually sequestered by California’s forest and 
rangelands, which was estimated by Winrock (2004) to be 14.14 million metric tonnes/year. 
However, more recent work by Brown (2004b) suggests that the total amount of CO2 that is 
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currently being sequestered by forests and rangelands in California is approximately 8.76 
million metric tonnes/year. As Section 4.4 points out, ARB figures suggest that the net 
sequestration of CO2 by California’s forest and rangelands is –5 million metric tonnes/year, yet 
more recent research by CAL FIRE and the USFS suggests that sequestration of CO2 by 
California’s forestlands alone is around –25-30 million metric tonnes of CO2E per year.  

Total CO2 production associated with mechanical treatments due to heavy equipment 
operation is based on information developed by ENSR International (2005) for the Bureau of 
Land Management’s Programmatic Environmental Report (USDI BLM, 2005b). Based on the 
ENSR report, the production of CO2 by heavy equipment used in tractor piling and burning, 
masticating, chaining etc., is considered too small, at 0.029 tons of CO2/acre treated, to be 
considered further. Even the alternative with the largest number of acres to be treated 
mechanically (~ 48,000 acres in Alternative 3) would only generate about 1,220 tons of CO2 per 
year or 0.03% of the four million metric tonnes emitted by various other forest and rangeland 
sources such as wildfire, conversion, etc.  

The effect of implementing the Proposed Program or the Alternatives treatments on 
California CO2 emissions is based on reducing the severity of wildfire in treated areas, and thus 
reducing the amount of CO2 emitted, and increasing the growth of treated forest and 
rangelands in order to sequester more CO2. The reduction in CO2 due to reducing the severity 
of wildfire is both due to reducing hazardous fuels within the burn area as well as reducing the 
extent of area burned by wildfire in watersheds when more than 30% of the area has been 
treated. Offsetting these benefits are the CO2 emissions from prescribed fire use within the 
Program. (As previously noted, the CO2 emissions from mechanical equipment and the CH4 
emissions from prescribed herbivory are considered to be too small to have a significant effect 
on California’s total carbon emissions.) 

Increased Sequestration of CO2 due to Growth of Vegetation from Proposed Program 
Treatments 

Table 5.4.2 shows total acres burned by major WHR lifeform category (from Section 4.2) 
and the number of acres likely to be treated by lifeform category by bioregion. 
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Table 5.4.2 
Average Annual Acres Burned by Wildfire and Proposed Treatment Acres by WHR 
Major Lifeform 

Bioregion Timberland Woodland Shrubland Grassland Total  
Average Annual Acres Burned 1996 -2005 

Klamath/North Coast 2,267 2,975 998 1,206 7,446 
Modoc 1,188 81 287 259 1,815 
Sacramento Valley 4,570 8,478 16,759 6,017 35,824 
Sierra 1,505 2,344 5,025 4,785 13,659 
Bay / Delta 12 1,673 2,330 4,453 8,468 
San Joaquin Valley 16 754 1,226 14,470 16,466 
Central Coast 17 247 4,456 2,162 6,882 
Mojave 283 13 16,708 5,747 22,751 
South Coast 2,127 3,379 35,328 1,877 42,711 
Colorado Desert 0 0 0 0 0 

Total 11,985 19,944 83,117 40,976 156,022 
Proposed Annual Program Treatment Acres by WHR Major Lifeform 

Klamath/North Coast 17,600 1,900 3,100 2,700 25,300 
Modoc 13,000 3,300 4,900 1,100 22,300 
Sacramento Valley 2,200 13,700 1,100 14,200 31,200 
Sierra 19,800 8,100 4,700 10,200 42,800 
Bay / Delta 5,800 3,400 2,100 4,400 15,700 
San Joaquin Valley 100 1,400 1,200 9,000 11,700 
Central Coast 1,100 11,200 9,500 16,200 38,000 
Mojave 500 400 800 300 2,000 
South Coast 700 1,700 14,900 3,300 20,600 
Colorado Desert  500 6,600 100 7,200 

Total 60,800 45,600 48,900 61,600 216,900 

All treatments except for herbicide application are expected to result in increased growth rates 
of forest and rangelands. Most herbicide treatments are expected to retard growth of target 
species, which will likely offset any corresponding increase in growth of non-target species. Thus, 
there is no expected change to GHG emissions from herbicide treatments, along with the fact that 
herbicide treatments are limited to 10% of all treated acreage annually. 

Mechanical treatments are expected to result in only a small increase in overall carbon stored 
in forests and rangelands due to increased growth of residual vegetation, as treatments are likely to 
reduce overstory canopy levels by 10-40% in surface fire ecosystems and up to 75% in crown fire 
ecosystems (see Chapter 5 for description of surface and crown fire ecosystems elements). 
Mechanical treatments can increase growth and therefore the amount of sequestered carbon 
compared to no treatments, but such treatments can also result in the gradual release of CO2 as 
treated fuel left on site (e.g., crushed or left in windrows/piles) degrades. Mechanical treatments 
that include pile burning or broadcast burning result in immediate impacts to air quality and to 
atmospheric CO2, as discussed below. Also, increases in growth are not immediate. It can take as 
long as 10 years before treated vegetation achieves increased growth rates above those of 
untreated vegetation. “Natural” accretion of CO2 on forest and woodland surface fire regime 
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vegetation is expected to sequester about 0.4-0.5 tonnes/acre/year of CO2. Treating vegetation in 
surface fire regimes is expected to improve accretion rates by about 1.2% – 1.5% per year. 

Mechanical (and hand) treatments in crown fire ecosystems, such as in chaparral, often result 
in temporary conversion of vegetation on the site to mixed grassland/chaparral. Chaparral stands 
remove CO2 from the atmosphere at a rate of approximately 0.1 tons of CO2 per year, adding to the 
existing stocks of 7-12 tons/acre of CO2 already stored in the chaparral. Mechanical (and hand) 
treatments that temporarily change chaparral stands into mixed grassland/chaparral likely result in 
stored carbon levels dropping from around 7 –12 tons of CO2 per acre to around 1-3 tons per acre. 
In addition, the dead vegetation created by mechanical (and hand) treatments degrades over time 
and gradually emits CO2 as well.  

Hand treatments in surface fire regimes include such actions as thinning understory fuels, 
removing small trees and shrubs, etc. These hand treatments are expected to increase growth and 
therefore the biomass of the remaining forest and range vegetation at rates of around 1.5%/year 
over untreated vegetation. These growth-inducing impacts are somewhat offset by the gradual CO2 
emissions resulting from degradation of the treated vegetation left on site (Petrova, et. al, 2006). As 
noted earlier, growth increases are not immediate and can often take 5-10 years before 
improvements from treatment are fully realized. Hand treatments that include pile burning have 
direct air quality and CO2 emission effects. Few hand treatments are expected in crown fire 
regimes, but where they do occur they are expected to result in a reduction in CO2 being 
sequestered on an annual basis compared to the sequestration that occurs within untreated crown 
fire regimes.  

Prescribed burning in surface fire regimes (e.g. conifer and hardwood forests, etc.) (see Table 
5.0.2) is expected to result in improved growth of the residual vegetation. As in other treatments, 
growth increases are expected to take up to 10 years before becoming fully effective. Prescribed fire 
results in immediate CO2 emissions, albeit at lower rates compared to wildfire. In addition to the 
immediate increase in CO2 emissions, there is also a gradual release of CO2 from vegetation that is 
killed immediately after treatment and not volatilized during the actual treatment itself. Prescribed 
fire in surface fire regimes is expected to result in increased biomass, compared to no treatment, 
resulting in an additional 1.2% to 1.5% CO2 being sequestered per year compared to no treatment, 
after the 5-10 year lag period.  

Prescribed burning in crown fire regimes (shrub and grasslands) is not expected to result in 
improved growth nor in additional CO2 accretion as up to 75% of the carbon stocks are expected to 
be converted to CO2 during burning, some portion is retained in char and burned chunks and the 
balance slowly degrades over time as a result of prescribed fire-induced mortality over time. As 
these crown fire regimes recover, they begin sequestering CO2, but given treatment maintenance, 
which requires periodical reburning, it is assumed that these crown fire ecosystems do not 
sequester sufficient CO2 to offset the CO2 given off by wildfire.  

Table 5.4.3 summarizes the annual additional amount of CO2 removed from the air by 
bioregion due to treatment. The approximately 38 million acres of jurisdiction land sequester an 
annual net (after removals) volume of about 6.35 million tonnes of CO2 annually. For comparison, 
Brown (2004b) estimated that the state’s approximately 68 million acres of forest and rangelands 
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annually sequester about 13.05 million metric tonnes of CO2 per year, and after removals (e.g. fires, 
harvest, etc.) the net sequestration is about 8.76 million metric tonnes annually.  

Table 5.4.3 
Additional Annual CO2E Accretion on Program Lands Due to Treatments 

Bioregion 
Additional Metric Tonnes of Carbon Sequestered Annually Due 

To Treatments Improving Growth and Biomass 
Timberland Woodland Shrubland 1/ Grassland 1/ Total 

Klamath/North Coast 486 535     1,021 
Modoc 359 471     830 
Sacramento Valley 61 658     719 
Sierra Nevada 547 905     1,452 
Bay Area / Delta 160 329     489 
San Joaquin 2 247     249 
Central Coast 30 802     832 
Mojave 14 42     56 
South Coast 19 435     454 
Colorado Desert 1 153     154 

Grand Total 1,679 4,578     6,257 
1/ Both shrubland and grassland are considered crown fire regime vegetation types; treatments tend to result 
in replacement of the vegetation negating potential growth of “remaining” vegetation.  

Prescribed herbivory is expected to have impacts on surface fire regimes similar to hand 
treatments, though fuels removed are not a source of CO2 emissions as they are instead converted 
to emissions of CH4. Nonetheless, in surface fire regimes, prescribed herbivory is expected to result 
in an additional 1.2% to 1.5% more CO2 being sequestered per year compared to non-treated areas 
(after the 5-10 year lag period). In crown fire regimes, prescribed herbivory is not likely to be a 
common treatment, though goats are being used to treat a 4,000-acre area of short chaparral in 
Tehama County. Prescribed herbivory in these crown fire ecosystems is not expected to result in an 
increase to existing carbon stocks; instead, carbon stores are likely to be reduced from 3-7 tons/acre 
to 1-3 tons/acre, with accretions being similarly reduced due to removal of the chaparral and 
replacement by grass ecosystems.  

By the end of the first decade after implementation (2022), the Proposed Program treatment 
effects would just be kicking in, and total additional CO2E stored due to 216,910 acres of treatments 
in 2012 would be about 6,250 additional tons of CO2E stored. In implementation year 11, another 
6,250 metric tonnes of CO2E would have been sequestered on the 216,910 acres treated in 2012 
and an additional 6,250 metric tonnes of CO2E would have been sequestered from 216,910 acres of 
new treatments implemented in 2013. At 30 years into the program (2042) total additional CO2E 
sequestered would be 1.57 million metric tonnes of CO2E compared to the Status Quo.  

Increased sequestration of CO2 due to growth from treatments under implementation of 
Alternatives 

Alternative 1, the Status Quo, would not sequester any additional carbon that isn’t already 
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accounted for in the work by Brown (2004b), which established the baseline amount of CO2 
sequestered by forest and rangelands used for this analysis.  

Annual sequestration by the other Alternatives is proportionately similar to the Program based 
on the number of acres treated by prescribed fire, mechanical, hand and herbivory in any one year. 
There are no discernible differences in the rates of sequestration from the growth-inducing 
treatments (prescribed fire, mechanical, hand and herbivory) by Alternative treatments; however, 
there are differences between treatments in terms of CO2 emissions. The apparent differences in 
sequestered CO2 by alternative is due to the differences in the number of acres treated in any one 
year rather than variations in treatment types. Thus, Alternative 2 would actually sequester slightly 
more metric tonnes of CO2 than the Proposed Program because it treats about 13,000 more acres 
by hand and mechanical treatments (73,750 acres) that can increase growth (and therefore in total 
tons of biomass) compared to the Proposed Program, which only treats about 60,700 acres by non-
prescribed fire treatments. Alternative 3 is expected to sequester about the same amount of CO2 as 
the Proposed Program because treatment acreages are similar. Alternative 4 would only sequester 
about 42% as much CO2 as the Proposed Program. 

Emissions of CO2 due to Program Treatments and Wildfire 

The Proposed Program treats about 115,000 acres with prescribed fire. Both the BLM (USDI 
BLM 2005b) and Brown (2004b) present emissions data for wildfire and/or prescribed fire, as noted 
above. Calculating the CO2 emissions from the expected change in wildland fire severity due to 
treatments is difficult.  

Prior to treatment, about 12,000 acres of forest and rangelands are burned by wildfire at low 
severity; 20,000 acres burn at moderate severity, and 124,000 acres at high severity, based on 
historical trends. Based on the estimate by Brown (2004b) of 20%, 40% and 75% consumption of 
vegetation by low, moderate and high severity wildfire, total CO2E emitted after wildfires on 
jurisdiction lands would amount to about 811,400 metric tonnes. Brown (2004b) estimates that 
wildfires emit about 2.4 million metric tonnes of CO2E per year from all of California’s forests and 
rangelands.  

After treatment, CO2 emissions due to wildfire would be expected to drop from 811,400 metric 
tonnes emitted annually to 638,400 metric tonnes emitted annually, due to treatments that reduce 
wildfire severity. It should be noted that for this analysis (and in Brown’s 2004b analysis) high 
severity wildfire is projected to emit about 75% of total carbon stocks immediately as CO2 while 
around 16% of carbon stocks are not volatilized but are instead turned into long-lived charcoal and 
soot which generally are not added to the overall CO2 emissions from wildfires. Also, as much as 8-
10% of total carbon stocks in severely burned wildfire areas are retained on site as dead wood 
which emits CO2 as it decays over time.  

Although a reduction of 173,000 metric tonnes of CO2 from the atmosphere due to treatments 
is not trivial, it is somewhat offset by increased CO2 emissions from 115,000 acres in the Proposed 
Program being potentially treated with prescribed fire. Prescribed fire treatments are expected to 
be considerably less intensive than wildfires. Based on the literature describing tons of CO2 
produced from prescribed fire by vegetation type and using Brown’s fire intensity percentages for 
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the amount of carbon volatilized into CO2, the Proposed Program would emit about 262,000 metric 
tonnes of CO2, as shown in Table 5.4.4. 

Table 5.4.4 
Acres of Vegetation Treated Annually by Prescribed Fire and Tons Of CO2 Emitted 
Annually 

Bioregion 
Timberland Woodland Shrub Grassland Total 

Acres of Prescribed Fire by Vegetation Type 
Klamath/North Coast 9,300 1,000 1,600 1,500 13,400 
Modoc 6,900 1,700 2,600 600 11,800 
Sacramento Valley 1,200 7,200 600 7,500 16,500 
Sierra 10,500 4,300 2,500 5,400 22,700 
Bay Delta 3,100 1,800 1,100 2,300 8,300 
San Joaquin 0 800 600 4,800 6,200 
Central Coast 600 5,900 5,000 8,600 20,100 
Mojave 300 200 400 200 1,100 
South Coast 400 900 7,900 1,700 10,900 
Colorado Desert 0 300 3,500 0 3,800 

Grand Total 32,300 24,100 25,800 32,600 114,800 
 

Tons of CO2 Stocks/Acre 35.0 8.0 7.0 3.5  
Volatilization Factor 

(See Table 5.0.2) 10% 10% 40% 80%  
Bioregion Metric Tonnes of CO2 Emitted Due to Prescribed Fire 

Klamath/North Coast 32,550 800 4,480 4,200 42,030 
Modoc 24,150 1,360 7,280 1,680 34,470 
Sacramento Valley 4,200 5,760 1,680 21,000 32,640 
Sierra 36,750 3,440 7,000 15,120 62,310 
Bay Delta 10,850 1,440 3,080 6,440 21,810 
San Joaquin 0 640 1,680 13,440 15,760 
Central Coast 2,100 4,720 14,000 24,080 44,900 
Mojave 1,050 160 1,120 560 2,890 
South Coast 1,400 720 22,120 4,760 29,000 
Colorado Desert 0 240 9,800 0 10,040 

Grand Total 113,050 19,280 72,240 91,280 295,850 
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Emissions of CO2 due to Alternatives—Treatments and Wildfire 

Alternative 1 would not result in any change to the amount of CO2 emitted by wildfires and by 
prescribed fire, as these emissions are already included in the baseline CO2 calculations by Brown 
(2004b). Alternatives 2 and 3 would generate slightly more CO2 emissions (280,000 metric tonnes) 
than those associated with the Proposed Program (262,000 metric tonnes) due to prescribed fire 
treatments, and would release approximately the same amount of CO2 emissions from wildfire as 
the Program.  

Alternative 4 would have a substantially different effect on CO2 emissions compared to the 
Proposed Program or the other Alternatives from both wildfire and prescribed fire, because 
Alternative 4 only treats about 7,400 annually acres with prescribed fire. As a result, Alternative 4 
would only emit about 14,600 tons of CO2 due to prescribed fire, an 18-fold reduction in CO2 
emissions. However, because only 43% as many acres are treated, and because the mechanical and 
hand treatments relied on by Alternative 4 are often less effective at reducing wildland fire effects, 
the amount of CO2 emitted by wildfire could potentially be substantially higher under Alternative 4 
compared to the Program. While implementation of Alternative 4 results in less CO2 emitted by 
prescribed fire, it reduces wildfire severity on substantially fewer acres: about 119,000 acres burn at 
high severity in Alternative 4 after treatments, compared to 97,000 acres in the Proposed Program. 
In addition, many more acres burn at moderate severity compared to the Proposed Program. As a 
result, implementation of Alternative 4 would result in emissions from wildfires of about 788,750 
metric tonnes of CO2, compared to 638,400 metric tonnes of CO2 under the Program.  

5.4.5 Indirect Effects of Implementing the Program/Alternatives 
Indirect effects to climate from implementation of the Program could be expected from 

emissions of CO2 and other greenhouse gases. Indirect effects could include changes in health of 
individuals from poorer air quality and from more predicted temperature extremes. In addition, 
global warming from CO2 emissions is expected to increase the wildland fire frequency in the state 
so that an additional 55,000 acres of forest and rangeland is expected to burn annually; however, 
most of this increase is not due to the Program or any of the alternatives (see Section 4.2). On the 
other hand, treatments can improve pest and wildfire resiliency resulting in fewer acres burning at 
high intensities, and improving forest conditions so that climate induced pest problems are less 
likely to create significant impacts. In addition, treatments may help forest stands in particular to 
resist conversion to shrublands as climate change increases temperature stress on forest lands 
throughout the state.  

5.4.6 Determination of Significance 
Implementation of the Program would initially result in an increase in CO2 emissions over the 

status quo of about 295,000 metric tonnes per year due to treating 115,000 acres with prescribed 
fire. However, total CO2 emitted from wildfires burning both treated and untreated forest and 
range jurisdiction lands would drop from about 811,000 tons to 638,200 tons of CO2 emitted 
annually. The difference between the amount of CO2 emitted by prescribed fire compared to the 
reduction in CO2 emitted due to less wildfire is approximately a net increase in CO2 emissions due 
to prescribed fire treatment of about 122,000 metric tonnes of CO2 per year.  



Environmental Impact Analysis-Climate Change 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.4- 16 

 

 

However, implementation of the Program would increase CO2 sequestration at a rate of 6,250 
metric tonnes/year due to increases in the growth of residual vegetation resulting from the 
treatments. As noted above, however, the additional sequestration will not “kick in” for about 10 
years after treatments because of a 5-10 year lag in growth due to treatments. At the end of 30 
years (2042) of treatments, an additional 1,500,000 metric tonnes of CO2 would have been 
sequestered due to Program treatments.  

Combining the additional sequestration of CO2 resulting from growth increases against thirty 
years worth of net emissions of 3,660,000 metric tonnes of CO2 from prescribed fire and wildfire 
results in a net emission of about 2,160,000 metric tonnes of CO2 over the 30 year period or about 
72,000 metric tonnes/year 

Implementation of the Program would not result in a significant adverse change in air 
movement, moisture, temperature, or other aspects of climate, because jurisdiction forest and 
rangelands would continue to sequester about 6.35 million tons of CO2 annually. As a result of 
Program implementation, a reduction in CO2 emitted due to wildfires would be offset by an 
increase in CO2 emitted by prescribed fire, resulting in approximately a net increase of 72,000 
metric tonnes of CO2 being produced per year above the status quo. However, due to sequestration 
by forest and rangelands, overall CO2 sequestration would still remain positive at 6.36 million metric 
tonnes per year. Therefore, implementation of the Program would result in a less than significant 
impact to the environment because CO2 levels associated with forest and rangelands under CAL 
FIRE jurisdiction in 2020 would not exceed the 1990 levels of such gases.  

5.4.7 Similar Effects Described Elsewhere 
The effects of Program implementation associated with air quality are described in detail in 

Section 5.6.  
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5.5  Effects of Program/Alternative Implementation on Biologic Resources 
5.5.1   Aquatic Resources 

This section summarizes the impacts to aquatic biological resources due to implementing either 
the Proposed Program or any of the Alternatives. The aquatic species of concern and their habitat 
requirements are described in Section 4.5.1. 

5.5.1.1  Significance Criteria  

Based on the CEQA Guidelines, the Program and Alternatives could have a significant adverse 
impact to aquatic resources if they would: 

a) Have a substantial adverse effect, either directly or through habitat modifications, on any 
species identified as a candidate, sensitive, or special status species in local or regional plans, 
policies, or regulations, or by the California Department of Fish and Game or U.S. Fish and 
Wildlife Service; 

b) Have a substantial adverse effect on any riparian habitat or other sensitive natural community 
identified in local or regional plans, policies, and regulations or by the California Department 
of Fish and Game or US Fish and Wildlife Service; 

c) Interfere with the movement of any resident or migratory fish or wildlife species or with 
established resident or migratory wildlife corridors, or impede the use of wildlife nursery sites; 

d) Conflict with any City or County adopted General Plan policies or ordinances protecting 
biological resources, such as water quality regulations applicable to a particular stream 
system; 

e) Conflict with the provisions of an adopted Habitat Conservation Plan, Natural Conservation 
Community Plan, or other approved local, regional, or state habitat conservation plan; 

f) Cause a reduction in the quality of water by an increase in sediment, temperature, bacteria, or 
chemical contamination; 

g) Modify existing vegetation so as to reduce future critical habitat development, including 
retention of woody species that will eventually comprise habitat elements; 

h) Adversely or positively affect the input of large wood components into a stream system; 
i) Reduce the quantity of water available to species of concern, by water withdrawal for project-

related fire or dust control purposes; 
j) Cause a decrease in the quantity or quality of botanical or animal food necessary to maintain a 

healthy and diverse biological component of a water body. 

5.5.1.2  Determination Threshold 

The following thresholds were used to determine whether a significant adverse impact to aquatic 
biological resources would result from implementation of vegetation treatments under the Program 
or any of the Alternatives: 

The Proposed Program (or Alternative) would be considered to have a significant adverse impact 
on aquatic biological resources if it: 
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a) Violates any state or federal wildlife or plant protection law or 
b) Contributes directly (through immediate mortality) or indirectly (through reduced 

productivity, survivorship, genetic diversity, or environmental carrying capacity) to a 
substantial, long-term reduction in the viability of any native species or subspecies at the 
state level. 

5.5.1.3  Data and Assumptions 

The annual acreage proposed for treatment within the VTP ranges from 47,000 acres in 
Alternative 1 to 216,910 acres for the Proposed Program and Alternatives 2 and 3, which is between 
0.1% and 0.5% of the 37-million acre program area. This means that there will be very few projects 
spread over many acres, and the probability of numerous projects occurring in a single watershed is 
very low, even over 10 years. The treatment types, proportions by bioregion and percent of 
watersheds in varying disturbance classes are listed in Chapter 5.0 for the Program and Alternatives.  

Assuming that the percent area treated in a watershed is proportional to the percent of stream 
miles directly affected in a watershed allows use of Table 5.0.7 to roughly estimate the proportion of 
stream channels directly affected from implementing the Program and Alternatives 2 and 3. On an 
annual basis, 88% of watersheds in the state receive no treatment and 99% of watersheds have less 
than 10% of their area (proportional to stream length) treated (see Chapter 5.0). On the other hand, 
Alternatives 1 and 4 treat even less area (Table 5.0.8).  

The aquatic species most likely to be affected by VTP projects include 34 species or distinct 
populations of fish and 12 species or distinct populations of amphibians listed as Endangered or 
Threatened at the state or federal level (CA DFG, 2012) (Appendix B). Most species have evolved with 
disturbances of varying types and magnitudes, including fire, and are able to recover from them 
(Thode et al., 2006). All of the listed aquatic species are sensitive to changes in water quality, though 
their individual and population-level resilience differs between species. Temperature, sediment and 
peak flows are the primary water quality parameters affecting aquatic species that could be altered 
by VTP treatments. In addition to these changes in water quality characteristics, physical changes to 
riparian vegetation and in-stream habitat may also affect aquatic communities (Thode et al., 2006). 
The underlying assumption in the following analysis is that if changes to water quality, riparian 
habitat and in-stream physical habitat are not significant then adverse impacts to aquatic species are 
unlikely.  

In order to analyze the potential effects of implementing the Program or Alternatives it was 
necessary to consider the types of treatments proposed, the extent of those treatments and the 
Landscape Constraints (LCs) and Minimum Management Requirements (MMRs) included in the VTP 
that are designed to moderate potential impacts to water quality (Section 2.2 and 2.3). See LC 1-5 
and MMR 1, 2, 5, 12, 15 and 17. 

In Addition to the aforementioned Landscape Constraints and Minimum Management 
Requirements, Mitigations were developed in Section 5.7 (Water Quality/Quantity) that limit the area 
treated in each watershed, require protection for Class III streams, and specify BMPs for prescribed 
herbivory projects that protect watercourses from direct and indirect impacts of animal use. 
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Direct impacts to aquatic species that occur within saline and fresh emergent wetlands, 
lacustrine, riverine, and estuarine habitat types are unlikely because these habitat types are excluded 
from treatment (Table 2.1, Chapter 2). Riparian and upland vegetation types adjacent to these 
excluded vegetation types may be treated and indirect effects are possible. VTP treatments in wet 
meadows and/or grasslands that contain vernal pools are permitted under special circumstances- see 
Landscape Constraint 3. 

5.5.1.4  Direct Effects Common to all Bioregions From Implementing the Program/ Alternatives  

VTP treatments have the potential to affect aquatic species via impacts to water quality/quantity 
and modification of aquatic habitats directly and indirectly. Section 4.5 includes a discussion of the 
primary habitat elements and requirements of aquatic species, including: riparian function, 
headwater stream ecosystems, headwater habitat relationships, sources and recruitment methods 
for large woody debris (LWD), detritus (e.g., leaf litter) production, streambank stability, sediment 
control and transport, stream shading, and microclimate.  

VTP treatments may have adverse effects on any of these elements at a local level; however the 
vast majority of VTP treatments are not expected to result in significant adverse impacts to these 
elements and, by extension, the species that rely on them. Section 5.7 (Water Quality/Quantity) 
concluded that no significant adverse impacts would occur from VTP projects causing elevated stream 
temperatures, increased sediment loads, fecal coliform contamination, or elevated peak flows. Table 
5.5.1.1 summarizes the information from the balance of this subchapter on the effects of 
implementing the Program across the state by bioregion in terms of effects on aquatic resources.  

 

Table 5.5.1.1 
Summary of Effects 1/ on Aquatic Resources from Implementing the 
Proposed Program 

Bioregion Prescribed Fire Mechanical Hand Herbivory 
Klamath Northcoast NA NA NA NA 
Modoc NA NA NA NA 
Sacramento Valley NA NA NA NA 
Sierra NA NA NA NA 
Bay Area NA NA NA NA 
San Joaquin NA NA NA NA 
Central Coast NA NA NA NA 
Mojave NA NA NA NA 
South Coast NA NA NA NA 
Colorado Desert NA NA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or are 
within the natural range of variability, for the resource at issue. SA/SB – significant adverse effects are those 
effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. MA/MB - 
moderately adverse or beneficial effects - those effects that can be detected beyond the affected area, but are 
transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects that are 
imperceptible or undetectable. 
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Herbicide Effects 
Effects to aquatic resources from herbicide use are discussed in Section 5.17. 

Prescribed Fire Effects 
The use of prescribed fire within riparian zones is permitted within the Program and Alternatives 

2 and 4. Burning within the WLPZ of Class I and II watercourses would not normally be allowed in 
Alternative 3. For the Program and Alternatives 2 and 4, fire severity in riparian zones along Class I 
and II watercourses must be kept low enough not to disturb plants that provide shade to the stream 
channel (Section 2.2 - LC 1, 2). According to Rinne and Jacoby (2005) direct mortality of fish due to 
burning has only been documented in high severity fires that burned through small streams with high 
fuel loading. Similarly, Pilliod et al., (2003) noted that direct mortality of amphibians due to natural 
fire is rare due to timing and/or their ability to exploit refugia from fire. High severity fires resulting in 
mortality of aquatic species are very unlikely to occur under prescribed burning conditions. In fact, 
use of prescribed fire or other vegetation treatment techniques is intended to reduce the occurrence 
of high severity wildfires (Section 5.2).  

In one of the few studies of prescribed burning in riparian systems in the Western U.S., Beche et 
al., (2005) found that low to moderate intensity fire ignited in the riparian zone had “minimal effects 
on a small stream and its riparian zone during the first year post-fire.”  Impacts from fire to riparian 
vegetation, LWD, fine sediment, water chemistry, periphyton (see Glossary) and macroinvertebrates 
were considered. The study was conducted in the Western Sierra Nevada Mountain Range on the 
Blodgett Forest Research Station. There were no significant changes in in-stream macroinvertebrate 
communities after the prescribed fire, which is important because macroinvertebrates are often used 
as an index of biological health for other aquatic species (Beche et al., 2005). In a more recent, but 
still similar study conducted on the Payette National Forest in Idaho, Arkle and Pilliod (2010) 
concluded, “Despite steep topography, erosion-prone soils, and sampling directly within the burned 
area, we found no immediate (1–3 month) or delayed (3 years) effects of the prescribed fire on the 
biotic and abiotic characteristics of the study stream.” 

It appears highly unlikely that prescribed fires used in VTP treatments in riparian areas and wet 
areas (see Glossary) will burn hot enough to directly harm aquatic species that live within the water 
column.  

Mechanical Treatment Effects 
Heavy equipment is excluded from watercourses and riparian buffers under the Proposed 

Program and Alternatives 2, 3 and 4. Servicing heavy equipment near streams, which could 
potentially introduce toxic substances, is also disallowed. Therefore, direct effects to aquatic species 
from mechanical treatments are unlikely. 

Manual and Herbivory Treatment Effects 
It is unlikely that manual treatments or prescribed herbivory treatments are likely to directly 

impact aquatic organisms. Direct contamination of the water column due to fecal runoff from 
prescribed herbivory treatments is unlikely to occur due to the requirement that Program 
participants follow Mitigation Measure 5.7-3. 

 



 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

 5.5- 5 

   
 

5.5.1.5  Bioregion-Specific Direct Effects of Implementing the Program/Alternatives 

The potential direct adverse impacts to aquatic resources are not likely to vary by bioregion for 
the same reasons as described above for the entire state, i.e. LC, MMR’s, and low intensity of 
prescribed burns. 

5.5.1.6  Indirect Effects of Implementing the Program/Alternatives 

Most VTP treatments are essentially less intense versions of wildfire and timber harvest, and the 
potential types of indirect impacts are considered to be similar. However, due to lack of monitoring of 
fuel management treatments and little focus by researchers on this topic, the indirect impacts of 
these treatments on aquatic ecosystems is largely unknown (Thode et al., 2006). Thus, much of the 
analysis in this chapter is via inference from effects of wildfire or timber harvest in comparable 
environmental settings. 

In reference to wildfire Rinne and Jacoby (2005) listed the primary indirect impacts to fish 
(including listed salmonids) in watercourses as: changes in stream temperature due to understory 
and overstory plant removal, ash-laden slurry flows, increases in flood peak flows, and sedimentation 
due to increased landscape erosion. Shaffer and Laudenslayer (2006) noted that significant impacts to 
salmonids after fires are “generally linked to changes in watershed hydrology after a large proportion 
of a drainage is burned and little vegetation or woody debris remains on the landscape.”  There has 
been less research regarding effects from fire on lakes or small ponds, but the available information 
indicates minimal impacts to fish or amphibians following wildfire (Shaffer and Laudenslayer, 2006). 
Murphy (1995) listed the following indirect mechanisms by which timber harvest has impacted 
anadromous salmonids: decreased shade, decreased supply of LWD, addition of slash to streams, 
streambank erosion, altered streamflow, increased erosion, increased nutrients, barriers to 
migration, and inputs of fine organic and inorganic sediment. BLM (2005) described potential impacts 
to fish from fire as follows: 

“The short-term effects of fire on fish populations are a function of both the degree and 
duration of fire-caused changes in water quality and quantity, and the proportion of each 
inhabited stream network affected by burning. An isolated or fragmented fish population would 
recover far more slowly from any adverse effects of burning than would a population inhabiting a 
widespread and well-connected stream system.” 

The water quality/quantity impacts described (above) for wildfires and timber harvest may occur 
sporadically at the local level due to VTP treatments. However, analysis in Section 5.7 indicates that 
the potential impacts are not likely to be significant at the state or bioregional scale due to the 
smaller scale (fewer treatments over time and space) and lower intensity of VTP treatments 
compared to wildfires and timber harvest. In most cases, VTP treatments are relatively small in area 
(average treatment size is 260 acres) and do not affect a large proportion of any stream network - 
unlike some wildfires or extensive timber harvest. Table 5.0.7 indicates that under the Proposed 
Program 85% of watersheds in the state would have less than 10% of their area treated after 10 years 
and Mitigation Measure 5.7-1 limits the percent of a watershed that can be treated to 2% ERA before 
site specific analyses of potential water quality impacts are required (Section 5.7). The relative 
isolation of specific populations of fish or other aquatic species would have to be considered at the 
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site-specific level, and specific protection measures devised, if significant impacts to water quality or 
habitat were expected. 

The non-water quality/quantity related impacts potentially caused by timber harvest and wildfire 
(above) include input of slash to streams, decreased supply of LWD, and creation of migration 
barriers. Because of the stream protection, LCs, and MMRs included in the VTP, there should be no 
input of slash into streams from treatments. Slash created during VTP treatments is typically left in 
place, chipped, or piled and burned- not placed in streams. Road building and 
construction/reconstruction of stream crossings are not funded activities within the VTP, so crossings 
will not be impacted positively or negatively, and unplanned installation of fish migration barriers in 
stream channels (e.g., from poorly installed culverts) should not occur under the Program or 
Alternatives.  

Supplies of LWD from streamside recruitment zones will not be significantly impacted by VTP 
treatments because overstory trees are neither subject to removal nor to high mortality rates from 
prescribed fire. LWD within stream channels will not be burned up during prescribed fires or removed 
during mechanical treatments. Beche (2005) noted that only 4.4% of trees ranging in size from 11.7 
to 40.4 cm DBH were killed due to prescribed burning in riparian forests and the prescribed burn did 
not change the amount or movement of LWD in the channel. Minor amounts of overstory tree 
mortality due to prescribed burning could be viewed as a benefit to aquatic species, because it 
provides a moderately accelerated recruitment mechanism for LWD.  

Changes to physical characteristics of streams, such as width, depth and bank stability are also 
unlikely to be affected by VTP treatments. Direct impacts to bank stability related to overgrazing from 
prescribed herbivory treatments or use of heavy machinery that could break down banks and/or 
reduce soil root strength will be avoided through the use of streamside buffers and BMPs for 
herbivory (Section 5.7). Furthermore, the type of prescribed herbivory treatments described in the 
VTP are concentrated on browsing to maintain fuel breaks in upland areas, rather than grazing 
herbaceous material in riparian areas and wet areas, i.e., goats on hillsides not cows in streams.  

Large inputs of sediment and elevated peak flows are often responsible for changes in channel 
configuration such as increased width/depth ratios, filling of pools with fine sediment, scouring of 
LWD from channels, and increased bank erosion. However, neither of these is expected from VTP 
treatments (Section 5.7). Arkle and Pilliod (2010) reported no significant changes to in-stream habitat 
variables (including sediment composition, pool filing with fine sediments, habitat types, etc.) due to 
prescribed fire immediately or 3 years after treatment. 

Beche (2005) observed that percent bare ground increased from 3.5% (+/- 8.2%) pre-fire to 
34.2% (+/- 21.8%) post-fire due to a prescribed fire in a riparian zone. However, fine sediment in 
pools adjacent to the burned riparian areas and wet areas as measured by V* (the average residual 
pool volume of fine sediment), did not significantly change post-fire. The author also measured 
sediment composition (percent finer than 11.3 mm) as well as longitudinal and cross section surveys 
of channel morphology. None of the sediment or channel morphology metrics indicated a change due 
to the prescribed fire in the riparian zone. The author attributed this to the fact that the fire only 
removed surface vegetation from 70% of the total area burned, which was only 14% (18 ha) of the 
total watershed area (129 ha). The prescribed burn retained a considerable amount of litter and 
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surface vegetation on site, which would reduce surface erosion. A wildfire would likely affect a larger 
percentage of a given watershed, and leave relatively less litter and surface vegetation in place.  

Mechanical and prescribed fire treatments in crown fire regime vegetation types tend to result in 
low vegetative cover and high extent of bare ground after treatment, both of which can lead to 
increased sediment delivery rates and higher peak flows (Table 5.0.3). Also, the lack of an overstory 
tree canopy in the riparian zone in crown fire regime vegetation types means that reductions in 
riparian vegetation density due to treatment have a higher likelihood of altering the riparian 
microclimate, i.e. decreased humidity and increased air temperatures. However, changes in riparian 
microclimate conditions are not likely to change water column temperatures because the 
overwhelming determinant of water temperature is direct solar exposure, not ambient air 
temperature (Beschta et al., 1987). For further discussion of impacts of riparian vegetation changes 
on amphibians that inhabit riparian areas and wet areas see Section 5.5.2, Wildlife. Mitigation 
Measure 5.7-1 will limit impacts to water quality in crown fire regime vegetation types because the 
more intense effects of treatments in this vegetation type will result in the disturbance threshold of 
the watershed (2% ERA) being reached with fewer acres treated than in surface fire regime 
vegetation types. In order to exceed the 2% ERA threshold site specific analyses must be conducted 
that could account for unique conditions at the project level. 

Proposed Program Effects and Goals 
Research indicates that high intensity wildfire has the potential to indirectly harm aquatic life 

through impacts to water quality, peak flows and stream channel morphology (see discussion above). 
The Proposed Program would help to reduce the detrimental environmental effects of wildfire to 
watersheds and thus to aquatic lifeforms (Goal 6) by helping reduce fire severity across the 
landscape, particularly in watersheds where 35% or more of the watershed is treated which helps to 
reduce wildfire extent and severity.  

Alternatives Effects and Goals 
Implementation of Alternative 2 would meet Goal 6 at approximately the same rate and to the 

same extent as the Proposed Program. Alternative 3 would initially meet Goal 5 at approximately the 
same rate and to the same extent as the Proposed Program. However over the long term, Alternative 
3 only treats about 13.7 million acres with prescribed fire and a mechanical treatment which is only 
about 40% of the acres that would be treated under the Program, thus, this Alternative over the long 
term would not meet Goal 6 as effectively as the Proposed Program. Alternative 1 would not meet 
Goal 6 at the same rate or to the same extent as the Proposed Program since it would treat so few 
acres and substantially more acres would likely burn at high intensity. Alternative 4, like Alternative 1 
would not meet Goal 6 at the same rate or to the same extent as the Proposed Program since it 
would treat so few acres and substantially more acres would likely burn at high intensity.  

5.5.1.7  Bioregion-Specific Indirect Effects of Implementing the Program/Alternatives 

The potential indirect adverse impacts to aquatic resources are higher in bioregions where 
impacts to water quality are more likely. Section 5.7 indicated that the Sacramento Valley, San 
Joaquin, South Coast, Colorado Desert and, to a lesser extent, Central Coast bioregions were at 
greatest risk of water quality impacts (Table 5.7.4 and 5.7.5). The presence of small planning 
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watersheds (<5,000 acres) and high proportion of crown fire regime vegetation types in these 
bioregions made them more vulnerable to water quality impacts.  

The results from the bioregional analysis of potential impacts to water quality from VTP projects 
(noted above) indicates little overlap with bioregions designated by the State as the “high priority 
landscape1” for water quality (CAL FIRE, 2010). The high priority landscape includes the 
Northcoast/Klamath bioregion, and selected watersheds in the Sierra and South Coast bioregions 
(CAL FIRE, 2010). Thus, the additional potential risk attributable to VTP projects will not occur in 
watersheds already deemed by the state to be high quality and at elevated risk of impairment to 
water quality. Similarly, the CAL FIRE (2010) assessment identified high and medium priority 
landscapes for wildlife habitat (including aquatic species) at risk of damage from wildfire; most high 
and medium priority landscapes occur in the Northcoast/Klamath, Sierra and Modoc bioregions. 
Again, the bioregions at elevated risk of water quality impairment due to VTP projects do not occur 
within the high and medium priority landscapes for wildlife (CAL FIRE, 2010). 

5.5.1.8  Determination of Significance 

It is possible that implementation of the Program could have adverse effects to aquatic 
resources, particularly where multiple VTP projects occur in a single watershed (Section 5.7). 
However, with the application of the standard practices described above (MMRs and LCs), as well as 
application of the Mitigation Measures described in Section 5.7, neither the proposed program nor 
any of the Alternatives are likely to cross the following thresholds of significance: a) violate any state 
or federal wildlife protection law regarding aquatic species, or b) contribute directly (through 
immediate mortality) or indirectly (through reduced productivity, survivorship, genetic diversity, or 
environmental carrying capacity) to a substantial, long-term reduction in the viability of any native 
aquatic species or subspecies at the state level. Therefore, after mitigations, it is unlikely that the 
Program or Alternatives are likely to cause significant adverse impacts to aquatic resources. 

5.5.1.9  Similar Effects Described Elsewhere 

Other species that inhabit the riparian zone or make use of aquatic ecosystems are included in 
Wildlife (Section 5.5.2). Descriptions of potential impacts to water quality and peak flows, along with 
mitigations, are described in Water Quality and Quantity (Section 5.7).  

                                                 
1  According to CAL FIRE (2010), “The high priority landscape (HPL) identifies watersheds that support a broad 
range of beneficial uses and coincide with high threats to water quality. The analysis highlights areas where 
stewardship projects have the highest potential to protect and enhance water quality.”   
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5.5.2 Wildlife Resources 
 

This section summarizes the impacts to wildlife resources due to implementing either the 
Proposed Program or any of the alternatives. The wildlife species of concern and their habitat 
requirements are described in Section 4.5.2. 

5.5.2.1   Significance Criteria  

Based on the CEQA Guidelines, a project would have a significant impact on wildlife if it would 

• Have a substantial adverse effect, either directly or through habitat modifications, on any 
species identified as a candidate, sensitive, or special status species in local or regional 
plans, policies, or regulations, or by the DFG or USFWS; 

• Interfere substantially with the movement of any native resident or migratory fish or 
wildlife species or with established native resident or migratory wildlife corridors, or 
impede the use of native wildlife nursery sites; 

• Conflict with any local policies or ordinances protecting biological resources; or 
• Conflict with the provisions of an adopted Habitat Conservation Plan, Natural 

Community Conservation Plan, or other approved local, regional or state habitat 
conservation plan. 

Based on other applicable wildlife protection laws, a project would have a significant 
biological impact if it would 

• Take1 any federally threatened or endangered species (FESA) without a permit 
• Modify or degrade habitat to the degree that it substantial impairs essential behavioral 

patterns of any federally threatened or endangered species (FESA) 
• Violate any regulation pertaining to any federally threatened or endangered species 

(FESA) 
• Kill any state threatened or endangered species (CESA) 
• Take2 any bald or golden eagle, including their parts, nests, or eggs without a permit 

(BGEPA) 
• Take, possess, or destroy any birds in the orders Falconiformes or Strigiformes (raptors) 

or their nests or eggs (CDFG Code §3505.5) 
• Wound or kill any native bird, from the egg stage onward (MBTA) 
• Substantially adversely affect an existing fish or wildlife resource including species of 

special concern (CDFG) 
• Take or possess any Fully Protected species or parts thereof at any time (CDFG §3511) 

.  

                                                 
1FESA defines “take” as to “harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect or attempt 
to engage in any such conduct."  
2 BGEPA defines “take” as to “pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest or 
disturb.” 
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5.5.2.2   Determination Threshold 

The following thresholds were used to determine whether a substantial adverse effect to 
wildlife resources would result from implementation of vegetation treatments under the Program 
or any of the alternatives.  

The Proposed Program (or alternative) would be considered to have a substantial adverse 
effect on wildlife if it: 

a) Violates any state or federal wildlife protection law or 
b) Contributes directly (through immediate mortality) or indirectly (through reduced 

productivity, survivorship, genetic diversity, or environmental carrying capacity) 
to a substantial, long-term reduction in the viability of any native species or 
subspecies at the state level. 

5.5.2.3.1 Data and Assumptions 

Approach to Statewide Analyses 

Effects of fuel reduction on wildlife depend on the specific ecological requirements of individual 
species and thus are difficult to generalize, especially in a treatment area as large and complex as 
that considered here. Furthermore, responses of wildlife to fuel reduction treatments have not 
been studied extensively and information on many taxonomic groups are completely lacking. Direct 
and indirect effects on wildlife are likely to differ. As a rule, negative effects will be greatest on 
species dependent on the fuels being removed, while positive effects will be greatest on species 
that have evolved in fire-dependent and other disturbance-prone ecosystems. 

Effects of a given treatment will be influenced greatly by characteristics of adjacent parcels. An 
isolated patch of habitat will take much longer to recover from treatment than one surrounded by 
similar habitat. Treatments occurring near similar habitat will likely have less impact on wildlife, as 
the surrounding habitat will provide displaced animals somewhere to flee and facilitate their return 
to the treated area post-project as conditions become suitable. 

To address potential direct and indirect effects of the VTP on wildlife in an ecologically 
meaningful way, species have been assigned to four broad guilds (subterranean (soil invertebrates, 
burrowing mammals, etc.), ground-dwelling (terrestrial invertebrates, reptiles and amphibians, 
including partially aquatic forms, and mammals), shrub-dwelling (shrub-nesting birds, etc.), and 
arboreal (arboreal invertebrates, cavity and tree nesting birds and mammals, etc.) based on how 
they typically use the vertical environment. Shaffer and Laudenslayer (2006) used similar guilds in 
addressing effects of fire on animals, but they considered shrub-dwelling species as a subset of 
arboreal fauna. Since many of the treatments considered here specifically target either scrub 
habitats or the shrub layer in wooded habitats, we have elevated shrub species to their own guild. 
We feel such an approach is preferable to addressing broad taxonomic guilds wherein species 
occupy the full range of available vertical strata because fuel reduction treatments in structurally 
complex habitats are typically layer-specific. Species are assigned to a single guild based on their 
primary or most critical (for instance, breeding or over-wintering) use area. 

Prescribed fire will be the most common treatment type used to reduce fuels under the 
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Proposed Program, accounting for approximately 53% of all treatments (Table 2.4). Thus, prescribed 
fire will have the most-wide-ranging effects on wildlife throughout the treatment area. Since nearly 
all of California’s vegetation types are fire-adapted (Sugihara and others, 2006), restoring fire to 
these communities should be mostly beneficial to wildlife so long as consideration is given to the 
natural fire regime on the landscape (Huff and others, 2005). Furthermore, prescribed fire 
treatments are typically low-intensity and patchy, resembling natural fire conditions more than the 
stand-replacement fires that often occur as a result of fire suppression. However, temporal and 
spatial effects as well as the short- and long-term effects that fire will have on the animals residing 
within these landscapes need to be considered (Shaffer and Laudenslayer, 2006).  

Mechanical treatments typically are applied on a scale smaller than that of prescribed fire 
treatments, comparable to that of most biological treatments (browsing and grazing), and larger 
than that of manual treatments. The total acreage available for mechanical treatment in this 
program (27%) is less than that of any of the other treatment types with the exception of herbicides 
(Table 2.3); thus, all else being equal, the cumulative effects of this treatment type will be relatively 
minimal. Only 18% of the program will involve mechanical treatment (Table 2.4). 

Although all the acreage available for treatment under the VTP is suitable for manual treatment 
(Table 2.3), manual treatment is labor-intensive and thus time-consuming and expensive and 
therefore expected to be implemented primarily in relatively small areas where other treatments 
are unfeasible. Only 10% of the acreage treated under the proposed program is likely to be treated 
manually (Table 2.4). Thus, given the relatively low impact of this treatment type and limited extent 
to which it is likely to be implemented, its cumulative impact on wildlife is expected to be extremely 
low. However, certain Mitigation Measures are still appropriate to minimize or avoid potential 
impacts. 

Herbivory treatments also could be used in every VTP project (Table 2.3). However, this 
treatment type will account for only about 10% of the program (Table 2.4). Herbivory treatments 
will be reserved almost exclusively for removal of invasive plants and maintenance of previously 
treated areas such as firebreaks. Thus, their negative impact on wildlife is expected to be small, 
assuming that effects can be contained within intended treatment areas (that is, that livestock are 
confined and do not spread invasive plants). Managed livestock grazing can increase the 
productivity of selected species, increase the nutritive quality of the forage, and increase habitat 
diversity (Vavra, 2005). Ectoparasites such as ticks and mosquitoes will benefit from the 
introduction of additional hosts. 

While each of the various treatment types proposed in this program come with potential 
negative direct and/or indirect effects on wildlife, one must weigh these effects against the known 
effects on wildlife of catastrophic wildfire, which in most cases in California is the inevitable 
eventual consequence of lack of fuel reduction. Stand-replacement wildfires kill and displace many 
animals, often over a huge area (greatly exceeding the area proposed for any VTP project), and set 
habitat succession back decades if not centuries. Negative effects on wildlife of any well-
implemented, monitored, VTP project are likely to be minor in comparison. 
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Approach to Bioregional Analyses 
Over 600 special-status wildlife taxa occur in California, and over 300 occur in habitats likely to 

be treated under the VTP. Appendix B lists the special status taxa considered herein. Addressing 
potential impacts of the VTP to every taxon at the programmatic level would be impractical. Thus a 
method was developed to focus analysis on taxa most likely to be affected by VTP treatments. A 
weighted value was assigned to each taxa based on a proxy for its abundance and whether or not it 
has been observed in areas that are likely to be treated by VTP treatments. More abundant taxa in 
areas more likely to be treated were assumed to have a higher likelihood of being affected by VTP 
treatments and thus were analyzed more intensively. 

To identify those taxa most likely to be affected by VTP treatments, DFG’s BIOS (Biogeographic 
Information and Observation System) database was queried to determine the numbers of 
occurrences of each taxon in watersheds classified as either “high” or “low likelihood” of receiving 
treatment (See Chapter 5.0 for discussion of how watersheds were assigned to these 
classifications). Watersheds categorized as “high-treatment-likelihood” were three times more likely 
to receive treatments than watersheds classified as “low-treatment-likelihood”. Results of these 
queries were sorted by bioregion and summarized. 

Ancillary BIOS data layers containing information on species whose occurrence location 
information is suppressed in the CNDDB BIOS layer (bald eagle (Haliaeetus leucocephalus), marbled 
murrelet (Brachyramphus marmoratus), spotted owl (Strix occidentalis), great gray owl (Strix 
nebulosa), Point Arena mountain beaver (Aplodontia rufa nigra), Sonoma tree vole (Arborimus 
pomo), and fisher (Martes pennanti) were also queried; however, these data could not be assigned 
to either watershed category. Taxa that occur only in vegetation types to be excluded from the VTP 
were disregarded. Occurrences of the remaining taxa in high-treatment-likelihood watersheds were 
weighted three times more than those in low-treatment-likelihood watersheds. A total occurrence 
value for each taxon in treatable habitats in the bioregion (Ob) was derived based on the formula, 

 Ob = 3Oh+Ol+Oa, where: 

Ob  = Total occurrence value for each taxon in treatable habitats in the bioregion 

Oh = Number of occurrences in high-treatment-likelihood watersheds 

Ol = Number of occurrences in low-treatment-likelihood watersheds 

Oa  = Number of occurrences in ancillary databases 

Because the geographic distribution of BIOS data is highly skewed and does not reflect the 
distribution of VTP projects, one taxon was selected for analysis, based on occurrence values, in 
each bioregion for every ten VTP projects that will occur in that bioregion each year. A minimum of 
five taxa were analyzed for each bioregion. For example, if a given bioregion will receive 100 VTP 
projects annually, potential effects on the taxa in treated habitats with the ten highest occurrence 
values in that bioregion were analyzed; if the number of projects is only 10, five taxa were analyzed.  

One shortcoming of this approach to species selection is that occurrences in portions of 
treatable watersheds outside CAL FIRE’s jurisdiction could not be excluded. Thus, species may have 
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been included or excluded that should not have been. Another shortcoming is that occurrence 
information in the databases does not necessarily reflect a taxon’s actual distribution or abundance; 
a minority of species – typically the larger and more charismatic taxa - receives the majority of 
attention and funding. Invertebrates are especially poorly catalogued; there are likely many that 
deserve special status that are not yet even described. Finally, the cutoff for inclusion was 
necessarily arbitrary. 

It is important to keep in mind that these are only the taxa expected to be most likely to require 
consideration before implementing VTP projects; a complete species list will need to be generated 
for impact analysis for each individual project. Thus, in accordance with the MMRs (Section 2.3), a 
BIOS query will need to be conducted at the project level and potential impacts to special-status 
taxa evaluated during the environmental review and completion of the environmental checklist.  

Treatments were considered to have potentially adverse or beneficial effects within a 
vegetation type at the bioregion level if they will affect at least 1,000 acres or 0.1% of that 
vegetation type annually within the bioregion. Adverse and beneficial effects to wildlife were 
considered to be negligible in vegetation types that will receive less than 1,000 acres or 0.1% of that 
vegetation type treated annually. For the purpose of this bioregional analysis, adverse effects were 
considered to be significant if they would affect taxa that are listed as either threatened or 
endangered at the federal or state level. Furthermore, adverse effects to taxa that are considered 
state endangered or extremely endangered by the CNDDB (i.e., have a state rank of S2S3 or less) 
were also considered to be significant. Adverse effects at the bioregional level to taxa not meeting 
these protection criteria were considered moderately adverse. 

In order to analyze the potential effects of implementing the Program or Alternatives it was 
necessary to consider the types of treatments proposed, the extent of those treatments and the 
Landscape Constraints (LCs) and Minimum Management Requirements (MMRs) included in the VTP 
that are designed to moderate potential impacts to wildlife species (Chapters 2 and 3). 

Impacts to wildlife species as a result of the proposed project will be moderated with the 
implementation of MMR 5. 

5.5.2.4 Direct Effects Common to all Bioregions From Implementing the Program/Alternatives  

Direct effects are those of the treatment procedure itself (i.e., during and shortly after 
treatment) as opposed to those that are a function of the desired fuel condition. Direct effects to 
special status wildlife taxa from fuel reduction treatments are inherently adverse and will not vary 
much between bioregions. Appendix B lists the special status wildlife species considered herein. 
Some potential exists for substantial adverse effects, but MMR 5 should prevent them. The extent 
of direct effects to wildlife by bioregion will be proportional to the amount of vegetation being 
treated in a particular bioregion. 

Direct effects of fuel reduction on wildlife are likely to be highly dependent on treatment 
method. For this reason, we address these effects by treatment type, first as they apply to all 
wildlife and then as they apply to each guild in the vertical stratum. There is little literature on direct 
effects of fuel reduction on wildlife. Most of the effects discussed here are those one would expect 
given knowledge of wildlife behavior and ecology. Potential direct effects on wildlife of fuel 
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reduction treatments are more likely to be negative than positive and include mortality and 
disturbance, though some individuals (e.g., predators) can benefit from the negative effects on 
others (e.g., prey). 

Table 5.5.2.1 summarizes the information from the balance of this chapter on the direct effects 
to wildlife created through implementing the Proposed Program.  

Table 5.5.2.1 
Summary of Direct Effects on Wildlife Resources from Implementing the 
Proposed Program 

Direct effects (those occurring as an immediate result of treatment 
implementation) are primarily negative in the short term and have the most 
adverse effects on species with limited mobility and those that are disturbance 
intolerant. Conversely, some predatory species may benefit from such effects on 
prey species that are exposed, injured or killed as a result of treatment. The direct 
effects discussed herein should be compared with the much more detrimental 
direct effects to wildlife that would result from catastrophic wildfire likely to 
occur in the absence of treatment. These include high levels of mortality and 
displacement of wildlife. 

Treatment types 

Prescribed Fire Treatments 

In general, direct wildlife mortality due to fire is low since most animals are able to escape or 
take shelter (Lawrence, 1966; Smith, 2000). However, animals with limited mobility such as 
mollusks, salamanders, and young of more mobile species may succumb to fire. Since natural fires 
in California occur mostly in the late summer and fall, animals have adapted to this seasonal pattern 
by nesting and rearing their young during the spring and early summer. If seasonal activity patterns 
of these species are not taken into consideration and burning occurs during the spring or summer 
while immobile young are present, then wildlife mortality associated with burning may be high. 
Unfortunately, fires can get out of control during late summer and fall and so it is necessary to 
weigh the possibility of negative long-term effects to wildlife habitat and destruction of human 
development against the short-term effects of wildlife mortality. 

Direct effects from disturbance may also have deleterious effects on wildlife within and 
adjacent to burn areas. For instance, wildlife may be disturbed by the presence of a large crew 
required to be on site during a prescribed burn in order to control it and keep it within the planned 
boundary. Additionally, noise from helicopters occasionally used to ignite fires or smoke drifting 
over a nest or den site may cause wildlife to leave the area. Control lines also may need to be 
established around the perimeter of the fire causing disturbances addressed above in the 
mechanical and manual treatment sections. Of particular concern, though, are the short-term 
consequences of burning near special-status taxa where disturbance may cause reproductive 
failure; these effects will be addressed in the bioregion-specific sections that follow. 
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Mechanical treatments 

Unlike fire treatments, mechanical treatments typically leave, and in many cases create, 
considerable amounts of litter and debris, which then are often piled and/or burned. In fact, 
mechanical treatments are often used as a precursor to fire treatments by making fuel more 
manageable and creating control lines. Machines typically are noisier, and move more slowly than 
prescribed fire, alerting animals to the danger and allowing them time to escape; however, the 
noise itself may create a disturbance to sensitive wildlife not produced by other treatment types. 
Such disturbance may result in increased risk of predation or nest failure or disruption of essential 
behaviors. When mechanical treatments are applied when soils are relatively dry their potential for 
direct effects is relatively low for amphibians but relatively high for most other upland wildlife. Due 
to the varying climates throughout the state, mechanical treatments can be applied any time of the 
year with the exception of Red Flag Warnings and the presence of excessive soil moisture on the 
project site. 

Manual treatments 

Manual treatments typically have a gentler immediate impact on the environment than either 
fire or mechanical treatments. There is very little potential for direct mortality of wildlife from this 
treatment type. However, there is still considerable potential for disturbance, especially when 
power tools are used (see Mechanical Treatments section). Workers implementing manual 
treatments may traverse and disturb sensitive habitats such as talus slopes, rock outcrops, and 
streambeds that are inaccessible to fire and machinery. 

Herbivory treatments 

The level and nature of potential direct effects on native wildlife of fuel treatments using 
livestock are similar to those of manual treatments, though perhaps more concentrated and 
intense. There is some potential for disturbance but little for mortality beyond that already present 
from native ungulates. 

No treatment 

Stand-replacing wildfire is likely to occur eventually in most California ecosystems in the 
absence of fuel reduction. Such wildfires kill or displace most of the animals present and destroy 
their nests and often their shelters. A few predatory animals may benefit in the short term from the 
prey exposed, injured, or killed by these fires, but direct effects of catastrophic wildfire on animals 
are overwhelmingly negative. 

Species guilds 
Subterranean fauna 

Prescribed Fire treatments 

The direct impact that prescribed fire has on subterranean animals is dependent upon how 
deeply the fire heats the ground and whether smoke enters underground tunnels (Shaffer and 
Laudenslayer 2006). Fires will have little impact upon this guild if they burn lightly over the surface 
or stay mostly in woody vegetation. Additionally, wildlife in soils with high moisture content should 
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be better protected from fire than wildlife in dry soils. However, high-temperature surface fires 
have the potential to harm fossorial animals and wildlife that seek shelter underground. 

Invertebrates 

Many invertebrates, including some subterranean species, have small distribution areas and are 
therefore particularly susceptible to habitat changes that result in direct mortality or habitat loss. 
However, a review of the scientific literature by Swengel (2001) found that fire has little direct 
impact on most subterranean invertebrates. 

Overall mortality of invertebrates depends on the proportion of organic soil consumed by the 
fire and the depth of heating of the soil. Invertebrates that occupy deeper soil horizons are less 
vulnerable than those in the litter layers as are species with thick cuticles (Wikars and Schimmel, 
2001). 

Some ground-nesting (or “mining”) bees, most often the more solitary species, are vulnerable 
to fire. These species are often key pollinators where they occur. Cane and Neff studied the 
susceptibility of such species to fire by testing their heat tolerance. They concluded that only a small 
fraction (9%) of the shallowest-nesting bees are the most vulnerable, owing to their shallow 
horizontal nests. They also suggested that because mining bees prevail in most biomes of the 
temperate zone, managers should plan for their survival post-burn, thus pollen and nectar 
resources in the years after fire should be considered (Cane and Neff, 2011). 

Amphibians/Reptiles 

Direct mortality or disturbance to amphibians and reptiles that burrow under cover objects are 
addressed in the “Amphibians/Reptiles” section under the “Ground-dwelling Fauna” discussion as 
such species are more appropriately described by that guild. No exclusively subterranean 
amphibians or reptiles occur in project areas. 

Birds 

Prescribed fire is unlikely to result in direct mortality to birds like burrowing owl that nest 
underground or some species of swallow that nest in burrows excavated in substrates such as sand 
banks, primarily in cliff faces and cut banks. Fire severity and the depth of the nest are factors 
affecting potential mortality for burrowing birds. 

Mammals 

Direct mortality of small mammals as a result of fire is primarily from heat effects and 
asphyxiation. Using cooler prescriptions may reduce heat effects. 

Studies suggest that mortality of burrowing mammals as a result of fire is low as a result of the 
insulation provided by the soil (Kramp et al., 1983) for species that are underground or able to 
escape there when a fire burns through. 

Other causes of death resulting from fire include physiological stress as animals overexert 
themselves to escape, trampling as large animals stampede while fleeing, and predation while 
attempting to escape (Kaufman et al., 1990). 
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Mechanical treatments 

Fossorial animals can avoid direct mortality from motorized equipment either by virtue of being 
underground already or by escaping into burrows. However, heavy equipment may compact the soil 
and collapse burrows, crushing or burying the animals therein. Chaining, tilling, and grubbing, which 
uproot vegetation, may displace or kill wildlife living in the root masses. Drill seeding has the 
potential to kill soil micro-fauna near the surface. Overall, mechanical treatments, particularly those 
that uproot vegetation, pose a greater direct threat to the subterranean fauna than do any of the 
other treatment types proposed in this program. 

Invertebrates 

Soil invertebrates play an essential role in decomposition and nutrient cycling and include 
detritivores such as earthworms and arthropods and species active in decomposition of dead wood 
on the forest floor such as termites, beetles, and ants. Although not well studied, researchers 
believe that thinning is likely to have significant short-term negative effects on invertebrates of the 
soil and organic layers as a result of treatments that will cause soil compaction and disruption or 
loss of organic layers (Niwa et al., 2001). Direct impacts include mortality and loss of food and cover. 
Hanula and Wade have shown that in some ecosystems these species can have long recovery 
periods post-treatment (Hanula and Wade, 2003). Soil invertebrates may be more protected from 
such effects than those in the litter layers (ODF, 2008). 

Amphibians/Reptiles 

Direct effects to amphibians and reptiles that burrow under cover objects are addressed in the 
“Amphibians/Reptiles” section under the “Ground-dwelling Fauna” discussion as such species are 
more appropriately described by that guild. No truly subterranean amphibians or reptiles occur in 
project areas. 

Birds 

The potential direct effects of mechanical treatments on burrowing owl, a special status species 
that utilizes the burrows of other species, are addressed in the “Shrub-dwelling Fauna” section. No 
truly subterranean birds exist. 

Mammals 

Direct effects of mechanical treatments on subterranean mammals are primarily negative and 
include mortality, injury, or habitat destruction as a result of soil compaction and/or collapsed 
burrows. However, long-term indirect effects to this guild are mostly positive (see Section 5.5.2.5). 

Manual treatments 

Manual treatments have much less potential for direct effects on this guild than do fire or 
mechanical treatments. Soil compaction is essentially a negligible concern. Humans on foot can 
collapse burrows but are also better able than machine operators to avoid them. Treatments such 
as pulling and hoeing that uproot vegetation can cause disturbance and even mortality to wildlife, 
especially invertebrates, inhabiting the root masses. 
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Invertebrates 

Manual fuel treatments are likely to have the most detrimental direct effects on invertebrates. 
These are primarily a result of manual treatments. As mentioned above, treatments that uproot 
vegetation can disturb, injure or result in mortality of subterranean invertebrates. Uprooting 
accounts for a disproportionate level of this treatment type’s impact because manual treatments 
often are selectively applied where soil conditions allow for complete plant removal, but the plants 
involved (and their root masses) are relatively small and shallow. 

Amphibians/Reptiles 

Direct effects of manual treatments on amphibians and reptiles that burrow under cover 
objects are addressed in the “Amphibians/Reptiles” section under the “Ground-dwelling Fauna” 
discussion as such species are more appropriately described by that guild. No exclusively 
subterranean amphibians or reptiles occur in project areas. 

Birds 

No truly subterranean bird species occur in California. 

Mammals 

Direct effects to mammals from manual treatments primarily include disturbance to 
subterranean mammals while workers are on site. However, possible injury or mortality could also 
occur as a result of burrow collapse and soil compaction but, as mentioned above, hand crews are 
more likely to avoid destruction of burrows than equipment used for mechanical treatments. 

Herbivory treatments 

A livestock herd placed on a site for vegetation control may affect virtually the entire surface 
area of the site. There is considerable potential for burrows to be destroyed and, if the herd is left 
there long enough, the soil to be compacted. Further, herds can introduce parasites and/or disease 
into wildlife systems. However, little uprooting of vegetation occurs with herbivory and 
subterranean fauna will be affected far less than from ground-disturbing mechanical treatments. 
Negative effects can be minimized through proper management of herds, such as herding them 
around sensitive areas, preventing them from remaining in any one location for long periods and 
taking preventative measure to avoid the introduction of parasites/disease. 

Invertebrates 

Subterranean invertebrates could suffer injury or mortality as a direct result of herbivory 
treatments due to soil compaction and burrow collapse. The significance of these impacts are 
relative to the herd size and how much of the landscape will be treated as well as the density and 
distribution of the affected taxa. 

Amphibians/Reptiles 

Impacts to subterranean herpetofauna are similar to those on subterranean invertebrates, 
injury and/or mortality related to soil compaction and burrow collapse. 
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Birds 

The only species of bird occurring in the project area that is appropriate for consideration in 
this section is burrowing owl since it nests in underground burrows. Herbivory is not expected to 
have any direct effects on burrowing owl as the species has evolved in grazed habitats, having 
evolved alongside bison herds. In fact, the indirect effects of grazing on burrowing owl are positive 
as grazing pressure has been shown to enhance the suitability of burrowing owl habitat by 
maintaining low vegetation height at nest burrows (Murray, 2005). 

Mammals 

As is the case with other subterranean fauna, subterranean mammals are vulnerable to injury 
and/or mortality as a direct effect of soil compaction and/or burrow collapse likely to occur as a 
result of herbivory treatments 

Ground-dwelling fauna 

Prescribed Fire 

Direct mortality of ground-dwelling wildlife is expected for taxa that cannot escape or take 
adequate cover from fire. In general, large mammals and flighted animals will be able to escape fire, 
but may occasionally succumb to smoke inhalation (Smith, 2000). Certain burn techniques may 
entrap wildlife such as blacklining a perimeter or lighting large, fast moving grass fires. If firing 
occurs simultaneously at perimeter locations, animals may be unable to escape. Prescribed fires in 
the spring and summer will have the greatest direct impact upon animals that are nesting or rearing 
their young on the ground such as woodrats (Lawrence, 1966; Simons, 1991). The long-term effects 
of the reproductive loss may be ameliorated for some species that can reproduce again within a 
single breeding season, but many species will be unable to breed again until the following year. 
Wildlife with limited mobility, such as salamanders and flightless invertebrates, may seek shelter 
from fire in the leaf litter where moisture content and fire duration will determine the extent of 
mortality. Mollusks are likely to be sheltered from fire since they generally reside under cover 
objects in forest environments dry enough to carry a fire (J. Dunk, pers. comm.). Pile burning may 
kill wildlife when piles of slash and woody debris have been left unattended long enough for wildlife 
to start using them as shelter. See the section above on subterranean fauna for effects on ground-
dwelling species that seek shelter from fire by going underground. 

Invertebrates 

The direct effects of prescribed fire on ground-dwelling insects and other invertebrates depend 
largely on their location at the time of the fire and fire intensity, which depends, in part, on duff 
consumption. Most adult forms can burrow or fly to escape injury or mortality (Lyon et al., 2008). 
Meanwhile, many invertebrates have immobile life stages that occur in surface litter or 
aboveground where they are much more susceptible to the effects of fire.  

Ground-dwelling invertebrates are substantially more vulnerable to prescribed fire than 
burrowing invertebrates because they are unable to seek protection in the soil (Lyon et al., 2008). 
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Amphibians/Reptiles 

The herpetofaunal species most vulnerable to fire are those that require leaf litter, duff, and 
other cool, moist substrates that are usually consumed by fire. Direct mortality and/or injury of 
terrestrial amphibians and reptiles as a result of prescribed fire is believed to be rare and of 
negligible concern at the population level (Lyon et al., 1978; Means and Campbell, 1981, Russel et 
al., 1999; and Smith, 2000). This is based on the continued presence of live amphibians post-fire. 
Survival is likely a result of the ability of some life stages of terrestrial herpetofauna to seek shelter 
in underground burrows or under moist refugia (Bamford, 1992; Friend, 1993; Main, 1981; and Vogl 
1973). A study in Australia found that one species of anuran (Hyperolius nitidulus) can detect the 
sound of fire and respond by moving toward cover (Grafe et al., 2002). 

However, fast-moving fires may not allow enough time for amphibians and reptiles to seek 
refuge. Therefore, immediate impacts of fire to herpetofauna may be minimized by using slow-
burning prescriptions to reduce direct mortality. Mortality of aquatic life stages such as eggs and 
larval herpetofauna are rarely reported and possibly inconsequential (Driscoll and Roberts, 1997 
and Lyon et al., 1978). Although aquatic forms are typically much more protected from fire than 
terrestrial forms, mortality could result from thermal stress or rapid changes in water chemistry in 
streams, ponds and other aquatic habitats (Spencer and Hauer, 1991). 

Birds 

Direct mortality and/or injury to ground-dwelling birds as a result of prescribed fire are highly 
dependent upon the season, uniformity and severity of the burn (Lyon and Telfer, 2008). Adult 
mortality is considered low. However, burns occurring during the breeding season substantial 
increase the risk of mortality to ground-nesting species, especially eggs, nestlings and fledglings.  

Nest destruction and mortality of young have been reported for a number of ground-nesters 
including ruffed, spruce, and sharp-tailed grouse (Grange, 1948), northern harrier (Kruse and Piehl, 
1986), and greater prairie chicken (Svedarsky et al., 1986). A study conducted on prescribed fires in 
the Blue Mountains in Oregon used artificial nests to assess mortality of ground-nesting birds as a 
result of spring burning. It found that direct mortality of ground nests could result. The same study 
showed that the level of mortality caused by spring burns could be correlated with the method of 
administering the burn. Spring burns administered by helicopter appeared to be more patchy than 
those administered by drip-torch thus resulting in lower mortality of artificial nests (22%) compared 
with spring burns administered by drip-torch (44%) (Fosdick, 2005).  

Reproductive success may also be reduced the first year following a fire due to decreased 
availability of food from spring fires (Finch et al., 1997). As mentioned above, ground-nesting birds 
that re-nest following a nest failure are affected less than those that do not. 

Mammals 

Direct mortality or injury to ground-dwelling mammals as a result of prescribed fire is largely 
dependent on the mobility of the species and intensity and uniformity of the burn. In general, 
larger, more mobile species such as ungulates, top carnivores, mesocarnivores, etc. are better able 
to flee from a fire with the possible exception of newborn, old, and sick individuals. 
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Smaller ground-dwelling mammals with less mobility such as rodents and lagomorphs are at 
greater risk of direct impacts from prescribed fire. Those that lack the ability to burrow or cannot 
escape to cover or flee from a fire quickly enough are particularly susceptible. 

Mechanical treatments 

Invertebrates, amphibians, reptiles, bird eggs and nestlings, and small mammals may be 
crushed by machinery during mechanical treatments. More mobile species may be displaced 
temporarily but are very unlikely to be killed directly by mechanical treatments, though 
opportunistic predators may kill them or they may find themselves in inhospitable habitat or 
conspecific territory after being flushed from shelter. Treatments that uproot vegetation can cause 
disturbance and potential mortality to the ground dwellers underneath. Chaining and machine 
piling disrupt the litter layer and displace animal shelters such as rocks and logs, exposing wildlife to 
predation or desiccation; this has a beneficial immediate effect on the predators. Mastication and 
mechanical lop-and-scatter treatments are likely to kill less-mobile wildlife sheltering in the slash 
produced by earlier mechanical treatment. 

Although mechanical treatments disrupt ground cover initially, they typically do not remove it 
to the extent that fire does. In fact, mechanical treatments alone, if not followed by fire, often 
increase the amount of ground cover and thus can be beneficial to some terrestrial organisms in the 
long run. Debris piles provide homes for many animals, though these are often only temporary and 
animals taking up residence in them can be killed if the piles are destroyed. 

Invertebrates 

Invertebrates are generally short-lived and have a small dispersal range or are sedentary during 
one or more life stages. Therefore, mechanical treatments can potentially affect local populations 
through direct injury and/or mortality depending on the season, type, and size of the treatment. 
Species with life stages associated with the litter or duff layer are particularly susceptible to injury or 
mortality from mechanical treatments (ODF, 2008). 

The provision of refugia (leaving untreated areas from which populations can recolonize) are 
important for minimizing the effects of direct mortality to ground-dwelling invertebrates and 
accelerating recovery (Pilliod et al., 2006). 

Invertebrates of the forest soil play an important role in decomposition and nutrient cycling. 
These include detritivores such as snails, slugs, and arthropods. Niwa et al., (2001) suggest that 
thinning likely has substantial negative short-term effects on invertebrates associated with organic 
layers due to soil compaction and disruption or loss of organic layers, dependent upon soil type and 
thinning treatment. 

Amphibians/Reptiles 

Little is known about the direct effects of mechanical treatments on reptiles but injury and 
mortality are likely to be slightly less substantial than to amphibians given that reptiles generally 
have a bit greater mobility. However, all terrestrial herpetofauna are at risk of direct injury and/or 
mortality from mechanical treatments. 
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Birds 

Direct effects of mechanical treatments are primarily disturbance, injury, and/or mortality of 
eggs and nestlings of ground-nesting birds (Smith, 2000). Such treatments are also likely to result in 
loss of nesting habitat in the short-term. (Pilliod et al., 2006) 

Mammals 

Direct effects of mechanical treatments on large, mobile mammals are not expected to occur 
with the exception of disturbance during the breeding season which would likely be at a negligible 
level due to the large home ranges of larger mammals. Although there is a slightly greater chance 
that smaller, less mobile mammals may suffer direct injury and/or mortality, it is unlikely to occur at 
a significant level. The exception is nest destruction or mortality of the young of small, ground-
nesting mammals. 

Manual treatments 

As with subterranean fauna, manual treatments generally have less direct impact on ground-
dwelling fauna than do fire or mechanical treatments. They typically do not disturb animal shelters 
such as rocks and logs. Manual treatments often generate large amounts of slash, which then can 
be spread over the ground or piled to provide cover for terrestrial wildlife. 

As with mechanical treatments, manual treatments can cause disturbance to ground-dwelling 
animals, possibly resulting in their death. Ground-nesting birds and small mammals can be flushed 
off their nests, resulting in nest failure through abandonment, exposure, or predation and workers 
can crush nests directly. However, the potential for such effects is less than with most other 
treatment types. 

Invertebrates 

While some direct effects could occur to ground-dwelling invertebrates as a result of manual 
treatments from trampling by hand crews or disturbance from tools, such direct mortality is much 
less likely to occur with manual treatments than with prescribed fire or mechanical treatments. 

Amphibians/Reptiles 

Direct injury and mortality to terrestrial herpetofauna are also less likely to occur with manual 
than other treatments as a result of trampling, disturbance from tools, and removal of cover 
objects. 

Birds 

Injury and/or mortality to ground-nesting birds can occur as a result of trampling or ground 
disturbing activities associated manual treatments. As mentioned above, nest failure could also 
result as a response to disturbance. 

Mammals 

Direct effects on terrestrial mammals potentially resulting from manual treatments are most 
likely to occur during the breeding season to small mammals that rear their young on the ground. 
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Herbivory treatments 

Invertebrates 

Invertebrates may be killed or injured as a result of trampling. 

Amphibians/Reptiles 

If applied in habitat suitable for less mobile species or life stages of herpetofauna, herbivory 
treatments could result in injury or death due to trampling, especially when herds are flushed. 

Birds 

Ground nesting birds are vulnerable to trampling of eggs and nests by livestock trampling 
where herbivory treatments are applied. 

Mammals 

As with ground-nesting birds, small mammals that rear their young on the ground are 
susceptible to trampling by livestock in areas treated with herbivory. 

Shrub-dwelling fauna 

Prescribed Fire 

Most shrub-dwelling wildlife will be able to avoid direct mortality by flying away or taking 
shelter on or under the ground before the fire arrives (see sections above for effects on 
subterranean and ground-dwelling species). Any animals that cannot escape the shrub environment 
prior to the arrival of the fire will be killed. Spring and summer fires will result in the loss of bird and 
rodent nests placed in shrubs. Stem-nesting invertebrates will also suffer high mortality. 

Invertebrates 

Direct effects of prescribed fire on shrub-dwelling invertebrates are highly dependent on their 
mobility. Adult and flighted forms are likely to escape fire whereas less mobile or sedentary forms 
that reside on aboveground plant tissue are more susceptible to injury and mortality from fire. 
Therefore, seasonality of the burn is important and invertebrate phenology should be considered 
when planning the timing of the burn. 

Amphibians/Reptiles 

No exclusively shrub-dwelling amphibians or reptiles occur in California. See the Arboreal Fauna 
section for a discussion of the effects of prescribed fire on taxa with arboreal habits. 

Birds 

As with ground-nesting birds, direct injury or mortality can occur to shrub-nesting birds during 
the breeding season, although perhaps to a lesser degree. However, potential short-terms impacts 
to shrub-nesting taxa should be assessed when considering spring burns. 

Mammals 

As with terrestrial mammals, immediate impacts of prescribed fire on shrub-nesting mammals 
such as some rodents have the greatest potential for occurrence during the breeding season. 
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Therefore breeding biology of shrub-nesting mammals should be considered when scheduling 
burns. 

Mechanical treatments 

Potential direct effects of mechanical treatments on shrub-dwelling species are similar to those 
on ground-dwellers. Treatments that destroy shrubs will displace and potentially kill wildlife living in 
them, and mechanical treatments are particularly effective for treating shrubby vegetation. The 
creation of firebreaks is likely to affect shrub-dwelling wildlife more than any other guild.  

Invertebrates 

Many shrub-dwelling invertebrates are at particular risk of suffering immediate adverse 
impacts, primarily displacement, from manual treatments owing to the fact that shrubs are often 
the targets of mechanical treatments (ODF, 2008). Similar to terrestrial invertebrates, immobile or 
sedentary life stages are at the greatest risk of direct injury and mortality from mechanical 
treatments.  

 

Amphibians/Reptiles 

No exclusively shrub-dwelling amphibians or reptiles occur in California. See the Arboreal Fauna 
section for a discussion of the effects of prescribed fire on taxa with arboreal habits. 

Birds 

Shrub-nesting birds are the most vulnerable to mechanical treatments that remove shrubs 
during the breeding season when displacement, nest failure, and injury or mortality to nestlings are 
likely to result. Therefore the breeding biology of shrub-nesting birds should be taken into account 
when applying mechanical treatments. 

Once again, seasonality of the treatment application is key in determining the direct effects to 
shrub-dwelling fauna. Mechanical treatments that remove shrubs will have the greatest impact on 
small mammals such as rodents that nest therein. As with prescribed fire, breeding biology of shrub-
nesting mammals should be considered when scheduling mechanical treatments. 

Manual treatments 

Manual treatments that remove shrubby vegetation will have impacts on shrub-dwelling fauna 
similar to those of mechanical treatments. However, manual treatments are unlikely to be applied 
in extensive, dense brush-fields and thus will have relatively minimal impact on this guild. 

Invertebrates 

Please see the section on mechanical treatments and shrub-dwelling invertebrates, as the 
effects of manual treatments that remove shrubby vegetation are the same. However, effects from 
manual treatments are likely to occur on a smaller scale since smaller tracts are expected to receive 
manual treatments compared to mechanical treatments. 
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Amphibians/Reptiles 

No exclusively shrub-dwelling amphibians or reptiles occur in California. See the Arboreal Fauna 
section for a discussion of the effects of prescribed fire on taxa with arboreal habits. 

Birds 

Please see the section on mechanical treatments and shrub-dwelling birds, as the effects of 
manual treatments that remove shrubby vegetation are the same. However, effects from manual 
treatments are likely to occur on a smaller scale since smaller tracts are expected to receive manual 
treatments compared to mechanical treatments. Also, hand crews may be better able than machine 
operators to identify and avoid bird nests. 

Mammals 

Please see the section on mechanical treatments and shrub-dwelling mammals, as the effects 
of manual treatments that remove shrubby vegetation are the same. However, effects from manual 
treatments are likely to occur on a smaller scale since smaller tracts are expected to receive manual 
treatments compared to mechanical treatments. Also, hand crews may be better able than machine 
operators to identify and avoid mammal nests. 

Herbivory treatments 

Livestock, especially goats, may be used specifically to reduce or eliminate shrubs, displacing or 
possibly injuring or killing, some animals inhabiting those shrubs. Nests of shrub-nesting birds will 
be left exposed to the elements and predators and may be knocked down or destroyed directly by 
the browsers. 

Invertebrates 

Because herbivory may be used as a method of shrub removal, the effects of this treatment are 
the same as for mechanical and manual (above). The extent of such impacts is highly dependent 
upon the seasonality of the treatment application, as it applies to the phenology of shrub-dwelling 
invertebrates, and the extent of the landscape treated. 

Amphibians/Reptiles 

No exclusively shrub-dwelling amphibians or reptiles occur in California. See the Arboreal Fauna 
section for a discussion of the effects of prescribed fire on taxa with arboreal habits. 

Birds 

Because herbivory may be used as a method of shrub removal, the effects of this treatment 
are the same as for mechanical and manual (above). The extent of such impacts is highly dependent 
upon the seasonality of the treatment application, as it applies to the breeding biology of shrub-
nesting birds, and the extent of the landscape treated. 

Mammals 

Because herbivory may be used as a method of shrub removal, the effects of this treatment are 
the same as for mechanical and manual (above). The extent of such impacts is highly dependent 
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upon the seasonality of the treatment application, as it applies to the breeding biology of shrub-
nesting mammals, and the extent of the landscape treated. 

Arboreal fauna 

Prescribed Fire 

The effects of fire on arboreal species are more variable than their effects on other guilds. In 
general, prescribed fires occurring under the proposed program are not intended to burn large 
trees, so effects on this guild should be minimal. Cool understory fires, conducted during the rainy 
season, are unlikely to burn in the canopy and thus should not cause direct mortality of canopy-
dwelling fauna. The most likely cause of death would be the result of smoke inhalation, although 
most arboreal animals are likely to leave the area prior to the arrival of the fire. Fires that burn 
snags may cause them to fall, resulting in the destruction of nests that may occur within them or 
direct mortality of animals potentially using them for shelter and/or the rearing of young. If fires do 
get into the forest canopy, bird and rodent nests will be destroyed and immobile young will die. 
Disturbance from fire, including noise, smoke, and heat, may cause birds and mammals to abandon 
nests or flush from roosts, whereupon they may experience nest failure, energetic deficits and/or 
heightened predation risk. 

Invertebrates 

Prescribed fire treatments to be applied under the proposed program are not expected to burn 
large tree species in the canopy and therefore are unlikely to result in direct harm to arboreal 
invertebrates. 

Amphibians/Reptiles 

Many species of amphibians and reptiles exhibit arboreal habits and often forage on 
invertebrates that breed in foliage or seek shelter in trees. Some such taxa include tree frogs, 
snakes, lizards, and salamanders.  

These species are not expected to suffer direct effects as a result of prescribed fire as such 
treatments, under the proposed program, are likely to be cool prescriptions that would not burn 
into the canopy. Mortality could occur as a result of asphyxiation but even that is not likely as most 
“arboreal” herpetofauna, even frogs, are highly mobile and can escape the effects of fire in most 
situations. 

Birds 

Again, because treatments applied under the proposed program are expected to be cooler 
prescriptions that will not burn large canopy trees, arboreal bird species are largely expected to 
escape direct impacts resulting from prescribed fire. However, consideration should be given to 
cavity nesting birds when applying prescribed burn treatments such that defect trees/snags are 
avoided as well. 

Mammals 

As with other arboreal species, arboreal mammals are expected to largely escape direct impacts 
resulting from prescribed fire treatments under the proposed program as long as such treatments 
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do not result in combustion in the canopy. Maternal roost colonies of some bat species occurring in 
buildings and caves can be adversely affected by smoke inhalation as a result of prescribed burning, 
especially in the spring. 

Mechanical treatments 

Many mechanical treatment methods are used to treat vegetation on or near ground level and 
thus have relatively little direct impact on wildlife inhabiting the trees above. However, some 
mechanical thinning of trees will occur and noise and tremors from mechanical treatments on the 
ground can disturb animals in trees, resulting in predation and nest failure events. Thus, direct 
effects of mechanical treatments on arboreal fauna may be adverse. 

Invertebrates 

Removal of trees or snags via mechanical treatments may result in disturbance, injury, or 
mortality of invertebrates with relatively immobile or sedentary arboreal life stages. However, 
treatments that remove these habitat elements are not expected to occur on a large scale under the 
proposed program. 

Amphibians/Reptiles 

Again, because mechanical treatment applications under the proposed program are not 
expected to remove many mature trees, arboreal herpetofauna are unlikely to suffer adverse direct 
impacts from this treatment type. However disturbance, injury, or mortality could occur on a small 
scale if trees that support herpetofauna with arboreal habits are removed. 

Birds 

Birds are unlikely to suffer direct effects from mechanical treatments, as canopy tree removal 
under the proposed program will be minimal. However, some disturbance, injury, or mortality to 
arboreal or cavity nests or immobile nestlings could occur where mature trees or snags are 
removed. 

Mammals 

Similar to arboreal nesting birds, mammals that breed in the forest canopy are unlikely to suffer 
direct effects from mechanical treatments as canopy tree removal under the proposed program will 
be minimal. However, some disturbance, injury, or mortality to arboreal or cavity nests or immobile 
young could occur where mature trees or snags are removed. 

Manual treatments 

Manual treatments that destroy trees will have effects on arboreal fauna similar to those of 
mechanical treatments. Although arboreal animals can be disturbed by chainsaws, etc., on the 
ground, they are less likely to be disturbed by manual treatments aimed at herbaceous and shrubby 
vegetation than by equivalent mechanical treatments. 

Invertebrates 

See above. 
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Amphibians/Reptiles 

See above. 

Birds 

See above. 

Mammals 

See above. 

Herbivory treatments 

Herbivory treatments are not expected to have any direct effects on arboreal wildlife. 
Therefore, no further sub-guild discussion is necessary. 

5.5.2.5 Indirect Effects of Implementing the Program/Alternatives 

Indirect effects apply after the immediate effects of the treatment have dissipated and are a 
function of the desired fuel condition and the regeneration process. These effects will vary over 
time as animals respond to seral changes in vegetation structure. In the absence of re-treatment or 
wildfire, indirect effects of treatment can be expected to diminish over time as treated stands 
approach pre-treatment conditions. Short- and long-term effects on a given species may differ, but 
it is impractical to try to define these terms consistently for species that vary greatly in life strategy 
and generation time or across vegetation types with varying rates of regeneration. As with any 
change in the environment, fuel reduction will benefit some species, harm others, and have no 
effect on the rest. In general, treatments that reverse the effects of fire suppression in fire-adapted 
ecosystems can be expected to benefit the wildlife that evolved therein and be detrimental to 
wildlife that favors fire-suppressed habitats. In discussing indirect effects of fuel reduction on 
wildlife, one also must consider the potential risk to wildlife of stand-replacing fire in the absence of 
fuel reduction (North et al., 2009). 

Indirect effects of fuel reduction on wildlife relate to habitat conditions (including structure, 
vegetation composition, soil condition, and microclimate) resulting from treatment. These 
attributes are often independent of treatment type, since in many cases various treatments are 
merely different means to the same end or are used in tandem to achieve the desired condition 
(e.g., create a shaded fuel break). In other cases, treatment method has a major influence on which 
habitat elements are removed and which are retained (e.g., prescribed fire). Researchers examining 
these effects often have not addressed specific treatment methods and have grouped wildlife in 
various ways, making it difficult in many cases to relate individual studies to specific treatments or 
address guilds in a consistent manner. Additionally, many specific fuel treatment methods have not 
been in use long enough for their long-term effects to be studied. 

Studies on wildlife responses to “disturbance” events, whether natural or anthropogenic, often 
group events into several broad categories, especially fire, thinning, and grazing. Pilliod and others 
(2006) define thinning in forest habitats as “a reduction in the density of understory trees through 
the removal of selected trees and shrubs.” This definition can be applied more broadly to include 
mechanical or manual treatments in any habitat and removal of larger trees (not just those in the 
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understory), and we use the term ‘thinning’ to include mechanical and manual thinning and 
clearing. Manual treatment can be more selective and may be preferred in situations in which 
retention of specific wildlife habitat elements is important. Manual treatment also may mimic 
grazing in effects on vegetation structure. On sites that are thinned and then burned to remove the 
slash, the long-term effects will be those of both thinning and fire. 

Some fuel reduction treatments may create habitat configurations that are particularly harmful 
to some wildlife, particularly those species dependent on large tracts of habitat and sensitive to 
edge effects. Fire control lines often fragment contiguous blocks of habitat or sever wildlife 
corridors. They may create barriers to dispersal and gene flow and edge effects such as increased 
nest predation and brood parasitism. Treatments may be used to remove entire patches of 
vegetation, thus resulting in habitat loss for some wildlife. Leaving islands of intact habitat within 
treatment areas provides refugia for wildlife and source populations when the treated habitat 
begins to recover. 

Treatment types 

Prescribed Fire 

Prescribed fires are intended to mimic low-intensity wildfires and thus usually have similar 
indirect effects. In forested environments, prescribed fires are mostly constrained to the 
understory, although fires may occasionally get into the canopy. In shrublands and grasslands, 
prescribed fires will be stand replacing, but these fires will generally be smaller in extent and 
intensity than a natural wildfire. After a fire has reduced the structural complexity of a habitat, 
habitat generalists tend to do better than habitat specialists as they typically adapt more easily to 
open space and can take advantage of new growth. Conversely, there are some fire specialists that 
are more abundant in recently burned habitats than in late-successional, “climax” habitats. As the 
vegetation proceeds through succession, different species of wildlife will occupy the affected area. 
Low-intensity, prescribed fires often leave pockets of unburned habitat, which can provide 
important refugia for wildlife to recolonize the burned area once the vegetation reestablishes itself. 
In general, wildlife populations will recover from a prescribed fire more quickly if the surrounding 
habitat is in good condition. Maintenance treatments that remove refugia or are repeated more 
frequently than the natural fire return interval for a given habitat will convert habitats to a younger 
seral stage for an unnaturally long period of time. When the maintenance treatments are eventually 
terminated, the affected habitat may no longer have all of its essential elements and thus may 
never fully recover to its pre-treatment condition. Overall, though, the primary goal of the VTP is to 
reduce the risk of catastrophic wildfire and not necessarily mimic the natural fire regime. In the 
short term, this may be less harmful to wildlife than wildfire, but it may not provide all of the long-
term benefits of a natural fire regime. 

Thinning 

Thinning, whether mechanical or manual, causes changes in habitats that can affect wildlife in 
various ways. Opening the canopy creates gaps that allow more sunlight to reach the ground, 
resulting in warmer, drier ambient conditions. Added sunlight promotes the growth of vegetation, 
initially grasses, herbs, and forbs, and then shrubs and tree seedlings. These changes will benefit 
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certain species but act to the detriment of others. Arboreal forest species may lose habitat 
connectivity and face reduced foraging, breeding, dispersal, and migration opportunities. Thinning 
treatments often target the sub-canopy layer, affecting the wildlife of that layer most strongly. In 
general, thinning may harm species of cool, moist forests most, while species of disturbed and early 
successional habitats are likely to benefit. Thinning appears to have minimal effects on wildlife if it is 
done in small patches, stem reduction is 25% or less, and legacy features are retained (e.g., CalPIF, 
2002, Alexander and others, 2007). 

Herbivory 

Virtually all California ecosystems evolved with ungulates contributing some degree of grazing 
and/or browsing pressure. Thus, fuel reduction by these means may be thought to mimic natural 
processes in its indirect effects. To some degree, it does, but natural levels of herbivory, especially 
in wooded habitats, virtually never reached the intensity at which they are typically applied for 
vegetation treatment by livestock. Furthermore, many treatment areas already support normal or 
artificially high population levels of native ungulates, to which the effects of livestock would be 
additive. Still, reduction or removal of non-native vegetation, the primary objective of biological 
treatment under the VTP, only can be seen as beneficial to most native wildlife provided native 
vegetation is allowed to replace it. It should be pointed out, however, that many native wildlife 
species have adapted to use non-native vegetation for food, shelter, substrate, and nest material, 
especially where it has supplanted the native species with which they evolved, and abrupt removal 
of this vegetation may leave such animals without critical resources. 

No treatment 

Lack of fuel reduction treatment in areas of moderate or high risk of wildfire is likely to have 
indirect effects on wildlife in two ways. First, by allowing fuel loads to continue to increase, the risk 
of stand-replacement wildfire also would increase. Such fires affect the wildlife already present 
indirectly by making the habitat uninhabitable to them, though they create or improve habitat for 
different species; they also affect some wildlife directly through mortality and disturbance that 
disrupts essential behaviors such as breeding, foraging, or roosting. Second, lack of fire in fire-
evolved ecosystems results in habitat structure and vegetation composition that may be unsuitable 
to the wildlife of those ecosystems, making them just as uninhabitable as do stand-replacement 
fires. 

Species guilds 

Subterranean fauna 

Prescribed Fire 

For species that live their entire lives underground, indirect effects attributed to fire are mostly 
dependent upon how deeply the fire heats the ground. Hot surface fires may sterilize the upper soil 
horizons thereby reducing the organic matter and availability of food, which would in turn make the 
soil less productive for wildlife. However, since most prescribed fires should be relatively low 
intensity, their initial impact should be more beneficial to this guild. Consumption of shrubs and leaf 
litter by fire releases a flush of organic matter into the soil, causing a short-term increase in soil 



Environmental Impact Analysis-Wildlife 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

  5.5- 31 

 

richness and productivity (Shaffer and Laudenslayer 2006). If prescribed fire increases sunlight due 
to a reduction in canopy cover, this may dry out the upper soil horizons causing the soil to become 
unsuitable to some species, but more suitable for others. See the section on ground-dwelling fauna 
for indirect effects to species that forage above ground.  

Invertebrates 

Indirect long-term effects of prescribed fire on soil invertebrates are positive for some species 
and negative for others.  

Metz and Farrier found that an August understory burn in South Carolina forest reduced the soil 
mesofauna, as measured the day after the fire, but annually burned plots had generally higher 
populations of soil mesofauna than those that had not been burned in three or more years (Metz 
and Farrier, 1971). 

Meanwhile, Kalisz and Powell reported on the changes in the soil invertebrate community on 
ridges of the Cumberland Plateau of Kentucky, USA one year after a prescribed fire (Kalisz and 
Powell, 2000). They quantified a significant reduction (36%) in the total dry mass of soil 
invertebrates as a result of the fire. Burning was also shown to result in declines in the frequency 
and occurrence of mesofaunal ants and of macrofaunal beetle larvae and adults. They suggested 
that managers should consider the possibility that prescribed fire, especially if applied repeatedly 
and at short intervals, may result in substantial and possibly long-lasting reductions in beetle 
populations. This may be prevented if managers strive for spatial and temporal heterogeneity on 
multiple scales, resulting in increased complexity in the post-fire ecosystem (Kalisz and Powell, 
2000). 

Amphibians/Reptiles 

No exclusively subterranean amphibians or reptiles occur in California. 

Birds 

No exclusively subterranean birds occur in California. However, a discussion of burrowing owl is 
appropriate here because it nests in the underground burrows of other taxa. Little information 
exists on the indirect effects of prescribed fire on burrowing owl. However, in north central Oregon, 
burrowing owls were observed nesting in previously unused areas that had recently been burned, 
suggesting that fire may create suitable habitat by reducing vegetation around potential nest sites 
and foraging habitat (Green and Anthony, 1989). Additionally, in northwestern North Dakota, post-
settlement fire suppression may be responsible for the development of a taller, denser, and 
woodier plant community than previously existed. Such shifts in vegetation composition may have 
been responsible for the local extirpation of burrowing owls there (Murray, 2005). 

Mammals 

Little information exists on the effects of fire on subterranean mammals. Because most 
mammals that utilize subterranean habitat also inhabit the terrestrial landscape, the indirect effects 
are addressed in the ground-dwelling fauna section. 

Thinning 
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Invertebrates 

Soil compaction from mechanical thinning can make soil uninhabitable by detritivores 
(earthworms, mites, springtails, etc.; Battigelli and others, 2004), at least in the short-term. 
However, there is some evidence that these organisms may be buffered from longer-term effects of 
thinning more than those in litter. Peck and Niwa (2004) found no difference in densities of soil 
detritivores between thinned and unthinned stands in the upper five cm 16-41 years after thinning. 
However, these organisms have relatively limited dispersal ability and will be slow to recover from 
negative effects (Pilliod and others, 2006). 

Amphibians/Reptiles 

No exclusively subterranean amphibians or reptiles occur in California 

Birds 

No exclusively subterranean birds occur in California. 

However, burrowing owl, a species that nests in the underground burrows of other taxa, is 
likely to benefit from thinning treatments that reduce vegetation and improve foraging and nesting 
habitat for the species. 

Mammals 

Because most mammals that utilize subterranean habitat also inhabit the terrestrial landscape, 
the indirect effects are addressed in the ground-dwelling fauna section. 

 

Herbivory 

The use of herbivorous treatment methods is not expected to have substantial adverse effects 
on subterranean fauna therefore discussion at the level of the sub-guild is unnecessary. 

Ground-dwelling fauna 

Prescribed Fire 

Invertebrates 

In general, terrestrial mollusks are reliant on downed logs to avoid desiccation and only venture 
out during wetter times of the year. A study covering three national forests in the Pacific Northwest 
found that prescribed fires reduced the total weight of large downed wood (>9 inches in DBH) by 
59% (Saab and others, 2006). Thus, prescribed fires that consume most of the coarse woody debris 
will depress many species of mollusk populations until downed wood begins to reaccumulate. One 
study found that mollusk species associated with old growth were less abundant in recently burned 
forests than forests not showing evidence of recent fire (Agee, 2001). Conversely, this study also 
found that the range-restricted mollusk, Helminthoglypta talmadgei, was more common in recently 
burned forest. Due to the poor dispersal abilities of mollusks, recolonization of burned forest is 
extremely slow and is dependent upon distance to the nearest refugium of unburned habitat (Dunk, 
2004). 
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The indirect effects of prescribed fire on ground-dwelling arthropods are extremely variable 
considering the immense diversity of this guild. Variability amongst studies also exists because of 
the confounding effects of burn intensity and time since fire. 

Immediately after a fire passes through an area, populations of detritivores in the leaf litter and 
under logs will be depressed due to the consumption of duff and downed wood. In riparian areas, 
bare ground may increase tenfold after a prescribed fire (Bêche and others, 2005). However, several 
studies have shown that species diversity and abundance can quickly rebound and exceed previous 
levels once the spring growing season begins (Force, 1981; Hutchins, 2005). This is most likely 
correlated with the increase in early-succession vegetation (Force, 1981). Not all species are 
affected equally by fire, though, and species compositional changes may occur with the change in 
habitat. For instance, Apigian and others (2006) found that in the first years following fire in a 
coniferous forest, common species became less abundant, while rarer species became more 
numerous. 

Indirect effects of prescribed fire on predatory arthropods are variable and probably relate 
mostly to how they respond to structural habitat changes. Regionally these invertebrates should 
respond positively to small prescribed fires that diversify the forest structure (Pilliod, 2006). Niwa 
and Peck (2002) found that although species richness and diversity were not affected by prescribed 
fire treatments, the abundance of some species of spiders increased while others declined. In this 
study, populations of spider species that actively hunt their prey were greater in burned forests 
than in unburned control plots while more sedentary sit-and-wait spiders showed the reverse trend. 
Habitats structurally simplified by fire may allow actively hunting spiders to be more successful 
(Niwa and Peck, 2002). In a different study, Hutchins (2006) found that in both years following a 
prescribed fire arachnids were about half as numerous in treated plots as in control plots. Carabid 
beetle species appear to be more sensitive to effects of prescribed fire than spiders and authors 
have provided various reasons for this. Apigian and others (2006) hypothesized that a reduction in 
leaf litter may be responsible for post-fire declines in carabid beetle populations on their study 
plots, while Niwa and Peck (2002) believe that declines in carabid beetles on their plots were more 
likely due to the seasonal timing of the treatment where spring burns may have consumed the eggs 
and larvae. 

In the short term, many invertebrate herbivores and pollinators may benefit from prescribed 
fire as increased light penetration increases succulent vegetation and dense annuals create a 
bountiful floral resource (M. Messler pers. comm.). In a Mediterranean ecosystem in Israel, bee 
diversity and abundance were greatest during the second year following fire, but then declined 
steadily over the first 25 years until gradually leveling off once pine forest had matured and 
restricted annuals and shrubs to forest openings (Potts and others, 2003). Fires might also benefit 
ground-nesting bees by clearing away the duff layer and providing them access to the soil (M. 
Messler pers. comm.). Butterfly abundance and diversity in the Sierra Nevada were found to be 
substantial greater in riparian and forested areas treated with prescribed fire than on control plots 
(Huntzinger 2003). Total area and density of sunlit patches were found to be the two most 
important factors contributing to these differences (Huntzinger, 2003). Huntzinger (2003) also 
found in the eastern Siskiyou Mountains of Oregon that fuel breaks along ridge tops promoted 13 
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times as many butterfly species than ridge tops without fuel breaks. 

Amphibians/Reptiles 

Many terrestrial amphibians require moist duff and coarse woody debris as cover objects to 
prevent desiccation and exposure to extreme temperatures (Pilliod and others, 2003). The loss of 
woody debris and duff due to prescribed fire will likely make these environments unsuitable for 
amphibians and depress their populations until these habitat elements are restored (Pilliod and 
others 2006). In Douglas-fir forests adjacent to talus fields in the Klamath Bioregion, high quantities 
of rotten logs and fine fuels were found to be important variables in predicting the presence of Del 
Norte salamander (Plethodon elongatus) (Major, 2005). 

Since reptiles require access to sunlit areas where they may raise their body temperature, fires 
will probably be beneficial in that they create openings for basking. However, lizards and snakes 
may also lose large woody debris that is used for thermoregulation and protection from predators. 
Effects of fire on food are variable, but overall abundance of typical food items such as arthropods 
and rodents generally increases and may thus benefit reptiles. Fires may also increase connectivity 
for some species of reptiles by reducing shrubs and forests, which may inhibit movement and gene 
flow (Templeton and others, 2001). In an oak woodland study comparing before/after plots and 
control/impact plots, a small prescribed fire had no effect on western skink (Eumeces skiltonianus) 
abundance (Vreeland and Tietje, 2002). 

Birds 

Prescribed fire during the breeding season could result in direct mortality or reproductive 
failure to ground and shrub-nesting birds in particular. However, bird species that prefer open 
ground for foraging and nesting may benefit for a period of time from prescribed fires that convert 
shrublands to bare ground and create openings in dense coniferous forests (Pilliod and others 
2006). Reduced ground cover after fire will increase the visibility of foods such as seeds and insects 
providing a benefit to ground-foraging birds until annuals and shrubs grow back (Pilliod and others 
2006). This benefit in the ability of birds to detect food may be slightly offset by their increased 
vulnerability to predators. Furthermore, raptors that hunt for prey that are on the ground will 
benefit from a reduction in ground cover and shrubs and may increase in abundance after a site has 
burned (Lawrence 1966). As the flush of increased nutrients into the soil increases primary 
productivity, ground-foraging insectivores may continue to benefit for a few years after a burn. 
Hutchins (2005) found that arthropod abundance was substantial higher in coniferous forests one 
year after a prescribed fire, and she suggested that increased nest success of dark-eyed juncos 
(Junco hyemalis) on burned plots was due to increased feeding rates and nest attentiveness. Junco 
abundance between burned and unburned plots did not differ though (Hutchins, 2005), and so a 
study in oak woodland simply showing that prescribed fire did not increase junco abundance 
relative to a control plot (Vreeland and Tietje, 2002) may have missed the benefits on nest success 
from burning. After a fire some ground-nesters may have a more difficult time concealing their 
nests with the sparse vegetation available and may lose more nests to predators unless they can be 
more flexible in selecting nest sites (Hutchins, 2005). Burning sagebrush will increase suitable 
habitat for grassland ground-nesters such as long-billed curlew (Numenius americanus), horned lark 



Environmental Impact Analysis-Wildlife 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

  5.5- 35 

 

(Eremophila alpestris), and vesper sparrow (Pooecetes gramineus; Knick and others 2005). 

Mammals 

Cover and food are the two most critical habitat elements for small mammals (Pilliod and 
others, 2006). In the short term prescribed fires generally reduce shrub cover and increase foods, 
which may be beneficial to generalist rodents, but negatively affect shrub specialists. For example, 
Lawrence (1966) found that chaparral species such as piñon mouse (Peromyscus truei) and 
California mouse (P. californicus) declined in number while the generalist deer mouse (P. 
maniculatus) increased following prescribed fire. The degree to which fire affects recolonization 
depends upon the spatial pattern and extent of the burn. Large burns with no unburned refugia will 
take much longer to be repopulated by small mammals than small or patchy burns. In an oak 
woodland study, small prescribed fires had no effect on the abundance of four rodent species – 
dusky-footed woodrat (Neotoma fuscipes), piñon mouse, brush mouse (P. boylii), and California 
mouse – comparing before/after plots and control/impact plots (Vreeland and Tietje, 2002). This 
differed though from a large wildfire in chaparral and coastal sage scrub where three species 
common to mature shrub – dusky-footed woodrat, California mouse, and cactus mouse (Peremicus) 
– were seldom captured in the burned area and then only near the edge (Schwilk and Keeley, 1998). 
Deer mouse abundance, however, was positively correlated with distance from edge. 

Ungulate populations generally increase after fires in response to improved quality and 
quantity of browse (Smith, 2000; Pilliod and others, 2006). During the first few years after a fire 
removes woody shrubs, mule deer (Odocoileus hemionus) populations may increase in response to 
increased grasses and forbs (Kie and others, 2003). Five to ten years after a fire, deer populations 
may peak in shrublands and forested environments when young shrubs provide succulent browse 
(Kie and others, 2003). Canon and others (1987) found that elk (Cervis elaphus) preferred forage in 
burned aspen stands over forage in unburned aspen stands. They attributed this to greater foraging 
efficiency in the burned stands where elk ate at a faster rate and traveled less between feeding 
bouts (Canon and others, 1987). Burning in mosaic patterns may further benefit ungulates by 
increasing food availability while retaining thermal cover and concealment from predators and 
humans (Kie and others, 2003). Mule deer benefit from edge environments where they can fulfill all 
of their daily requirements within a small home range. 

Mammalian carnivores may benefit from prescribed burns in the short term through increased 
foraging opportunities on prey such as small mammals that may be easier to catch in the absence of 
cover and in the long term because the prey population often increases in the years following a fire 
due to new vegetation growth (Smith, 2000). Prescribed fires create edges that may also provide 
good foraging opportunities as the area recovers, as well as increasing other foods eaten by some 
carnivores such as fruits and succulent grasses (Johnson and Landers, 1978). Large burns may have 
different impacts on individual carnivore species. Some forest carnivores, such as the American 
marten (Martes americana) and fisher (Martes pennanti), tend to avoid areas with little overhead 
cover, probably to avoid predation themselves; other species, such as coyote (Canis latrans) and 
bobcat (Felis rufus), may have a positive response to large burns as they are often associated with 
open habitats (Buskirk and Zielinski, 2003). Prescribed fires may have negative effects on 
mammalian carnivores that use structures such as downed logs and snags for resting and denning as 
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these may be consumed in the fire (Pilliod and others, 2006). These effects could be minimized by 
using cooler prescriptions in forested areas that would not result in complete consumption of large 
downed woody debris. Conversely, fires may also create denning and resting structures as they 
often help generate cavities in logs and trees that may subsequently be used by wildlife (Shaffer and 
Laudenslayer, 2006) and may lead to recruitment of small to medium sized downed woody debris as 
a result of mortality in suppressed and intermediate crown classes. Black bears (Ursus americana) 
require thermal and escape cover and may avoid areas with large homogeneous underburns 
(Cunningham and Ballard, 2004). Burning in mosaic patterns will likely benefit most mammalian 
carnivores through improved foraging opportunities and the creation of new structures, which can 
provide thermal and escape cover. 

Thinning 

Invertebrates 

Clearing of coastal sage scrub has been shown to affect arthropod community composition 
substantially by reducing vegetative complexity and by promoting invasion by exotic arthropods, 
with a concomitant loss of native species (Longcore, 2003). Argentine ant (Linepithema humile) in 
particular has a devastating impact on native arthropod diversity (Human and Gordon, 1997, 
Kennedy, 1998; Suarez and others, 1998) and a ripple effect on species that prey on them (Suarez 
and others, 2000). 

Forest-floor detritivores (millipedes, isopods, mites, etc.) and decomposers (termites, beetles, 
ants, etc.) may be affected severely by disruption and loss of litter and down wood, as is likely to 
occur with slash removal (Gunnarsson and others, 2004). While these animals are able to colonize 
suitable areas quickly, it apparently takes a very long time for the necessary habitat elements to 
accumulate sufficiently for their populations to recover from such disturbance (Peck and Niwa, 
2004). 

Fuel reduction treatments appear to have mixed effects on predatory invertebrates. Terrestrial 
spiders and beetles are the best studied (Pilliod and others, 2006). In one study, individual carabid 
species responded differently to thinning, with some increasing and some decreasing such that 
overall abundance and diversity were unaffected (Peck and Niwa, 2004). In the same study, hunting 
spiders were more numerous in thinned stands and sheet-web spiders more abundant in unthinned 
stands. Villa-Castillo and Wagner (2002) found no difference in ground beetle species assemblage 
between ponderosa stands 4-10 years after thinning and control stands. Longcore (1999) found that 
disturbed coastal sage scrub sites had lower invertebrate predator diversity than undisturbed sites. 
Site management history and size of treatment area may be significant factors influencing terrestrial 
arthropod responses to thinning (Apigian and others, 2006). 

Indirect effects of thinning on invertebrate herbivores and pollinators appear to be mostly 
positive. Increased solar radiation penetrating to the ground promotes vegetative growth and 
flowering, benefiting butterflies and moths during their larval and adult stages, respectively (Ross, 
1995; Waltz and Covington, 2004). However, disturbance can favor invasive plants that may displace 
Lepidopteran host species (Huntzinger, 2003). 
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Amphibians/Reptiles 

Most terrestrial amphibians require a heavy component of duff, litter, and down wood for 
cover and moisture; while they may benefit initially from slash created by thinning, its later removal 
will harm them. Overstory canopy is also important to forest amphibians (Martin and McComb, 
2003) and is not targeted for removal in the VTP. Densities of some amphibians’ prey, notably ants, 
are higher in recently disturbed areas, and thinning may result in increased numbers of those 
amphibian species (e.g., toads) (Corn and Hossack, Kirkland and others, 1996; Bull, 2006). 

Almost nothing is known about the effects of thinning on reptiles (Pilliod and others, 2006). 
Since different species have different habitat requirements, they will respond differently to any 
given treatment, but most species will benefit from the warmer, drier conditions created by 
thinning. Many snakes likely will benefit from treatments that open the canopy and increase 
populations of terrestrial rodents (see small mammals, below). A few species inhabit litter, logs, etc. 
in closed-canopy forest and will be affected negatively by treatments that remove these habitat 
features. Most reptiles of forested landscapes occupy discrete patches such as wet meadows and 
rock outcrops that likely will be excluded from treatment. 

Birds 

Thinning appears generally to have no or a positive effect on terrestrial birds. Siegel and 
DeSante (2003) found no difference in densities of ground-nesting birds between thinned and 
unthinned mixed conifer stands in the Sierra Nevada five to eight years after treatment. They also 
found no difference in nest success except that of dark-eyed junco (Junco hyemalis), which was 
higher in the thinned stands. Hagar and others (1996) found higher breeding-season densities of 
dark-eyed junco and higher winter densities of winter wren (Troglodytes troglodytes) in thinned 
Douglas-fir stands in Oregon five to fifteen years after treatment than in unthinned stands of the 
same age. Haveri and Carey (2000) also found higher winter densities of winter wren as well as song 
sparrow (Melospiza melodia) on thinned plots; they attributed this to higher vegetation densities 
(hence more foraging substrate) on the ground. Aigner and others (1998) compared thinned and 
unthinned oak-pine woodland and found that ground-nesting and/or –foraging species increased in 
abundance on the thinned plots, associated with brush piles. 

Mammals 

Small mammals may repopulate disturbed areas very quickly, with generalists preferring early 
seral stages and specialists later ones (Fisher and Wilkinson, 2005). Sullivan and others (2001) 
compared unthinned, thinned, and old-growth lodgepole pine (Pinus contorta) stands in Canada and 
found overall small mammal abundance higher (comparable to that in old-growth stands) in low-
density thinned stands than in unthinned stands ten years after treatment. In western Washington, 
thinned second-growth stands had more small mammals than unthinned legacy retention stands, 
but neither community resembled that of old-growth (Wilson and Carey, 2000). Some species (e.g., 
chipmunks and some deer mice) are likely to increase after thinning in conifer forests, but others 
(e.g., red-backed voles [Myodes sp.] and snowshoe hare [Lepus americanus]) probably will decrease 
(Bull and Blumton, 1999; Wilson and Carey, 2000; Woolf, 2003). Many forest-dwelling small 
mammals are dependent on features such as truffles and soft logs usually associated with cool, 
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moist conditions; thus, treatments such as heavy thinning that result in warmer, drier conditions 
will affect these species negatively even if the soil is not disturbed and logs are not removed 
(Lehmkuhl and others, 2004; Meyer and others, 2005). Retention of unthinned patches within 
thinned stands may help maintain some small mammal populations. 

Reduction in canopy cover (short of complete removal) seems to have relatively little effect on 
mesocarnivores (K. Slauson, pers. comm.). More critical is retention of key habitat elements 
including large trees (especially hardwoods), snags, and logs (Buskirk and Powell, 1994). Effects of 
treatment on key prey species are also important. Fisher and marten forage primarily on the ground 
when it is snow-free and may benefit from late spring to late fall from increases in rodent and 
grouse populations responding to vegetative growth resulting from thinning. However, they depend 
on arboreal prey, especially squirrels, the rest of the year, and those species may be affected 
negatively by thinning, especially if cavities and brooms are removed (see small mammal section 
above). Intact canopy cover reduces snow buildup on the ground and keeps terrestrial prey 
accessible longer. Thus, the mosaic of thinned and unthinned patches that will result from the VTP 
should benefit fisher and marten, provided that patches are large enough to sustain prey 
populations and that legacy features are retained in thinned patches. 

Among large carnivores, black bear (Ursus americanus) is perhaps the most likely to be affected 
substantial by fuel reduction treatments due to its abundance, distribution, diet, and habitat use 
(Pilliod and others 2006). This species relies heavily on down wood (as a foraging substrate), dense 
thickets (for cover), and large-diameter hollow logs (for denning) in mature forest landscapes (Bull 
and others, 2000, 2001); thus, treatments that reduce these habitat elements are likely to affect 
black bear negatively. It may be easier to retain such elements with mechanical and manual 
treatments than with fire, but thinning may result in vegetation structure unfavorable to black bear 
(Mollohan and others, 1989). 

Ungulates prefer a mosaic of open areas and forest cover (Pilliod and others 2006). Fuel 
reduction treatments, alone or in combination, often improve foraging conditions for ungulates 
(Riggs and others, 1996; Demarais and Krausman, 2000) but retention of patches of dense cover at 
least 0.04 ha in size may be required (Chambers and Germaine, 2003). Fuel reduction has been 
shown to reduce use of day beds for several years (Germaine and others, 2004). Ungulates are 
usually limited by winter forage, so appropriate treatments on their wintering grounds are likely to 
be more beneficial to them than those on their summer grounds (Hobbs and Spowart, 1984). 
Improved winter forage may outweigh loss of cover in importance to deer in some cases (DePerno 
and others, 2002), but loss of thermal and canopy cover in wintering areas can make stands 
unusable by deer, especially in areas of heavy snowfall (Armleder and others, 1989). 

Herbivory 

The widespread adverse effects of over-browsing by artificially large native ungulate 
populations are well documented. Selective browsing pressure on certain understory and ground-
cover plants causes changes in relative abundance and dynamics within the plant community (Côté 
and others, 2004). This has cascading effects on terrestrial animals ranging from mollusks to other 
mammals and can cause the complete loss of species from an ecosystem. Repeated vegetation 
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treatment using livestock has the potential for similar effects if applied to native vegetation. Use of 
livestock in the VTP will be managed carefully and applied primarily to control invasive vegetation. 

Invertebrates 

Habitat modification resulting from prescribed herbivory may favor some invertebrate species 
and be a detriment to others. Some species may suffer negative impacts as a result of soil 
compaction. Those invertebrate species that are associated with dung may benefit from droppings 
left behind after livestock application. Dung provides import habitat for foraging and the rearing for 
a number of invertebrates such as flies, beetles and annelid worms. Many of these species play an 
important role in nutrient cycling in the habitats in which they occur.  

Amphibians/Reptiles 

Habitat modification resulting from the application of prescribed herbivory is likely to favor 
most reptiles and be detrimental to most amphibians. Species that burrow in the soil are likely to 
suffer as a result of soil compaction. 

Birds 

Effects of livestock grazing on neotropical migratory birds vary by habitat but appear to be 
predominantly negative. In a review paper, Bock and others (1993) found that within grassland, 
shrubsteppe, and riparian habitats, some species respond positively, some negatively, and some 
inconsistently. Negative responses predominate in short-grass, shrubsteppe, and riparian habitats, 
while positive responses predominate in tall-grass habitats, which evolved with grazing by large 
herds of ungulates. Species that depend on lush, ungrazed, herbaceous ground cover for nesting 
and/or foraging are most at risk. No information was available on bird responses to grazing in 
coniferous forests. 

Browsing pressure on shrubs diminishes seed production, and this may reduce population 
levels of granivorous birds. Deveny and Fox (2006) found that abundance of rodents, especially deer 
mice, was inversely related to browsing intensity in chaparral. 

Mammals 

Contrary to expectation and popular belief, grazing by livestock can have beneficial 
consequences to native ungulates. In a study of the effects of sheep grazing in conifer plantations, 
Rhodes and Sharrow (1990) found that grazed areas had more succulent forage in the spring and 
their forage was of better quality in the fall. However, overall phytomass of browse and forbs (but 
not of graminoids) was reduced by grazing. 

Shrub-dwelling fauna 

Prescribed Fire 

Since prescribed burning is usually designed to reduce shrub cover, wildlife that live or nest in 
shrubs or are reliant on shrub cover will be affected for several years by this treatment. Indirect 
short-term effects of this treatment include increased predation due to lack of cover, increased 
sunlight, and increased edge. In the long term, though, fires are a necessary part of the natural cycle 
in most shrub habitats, resetting the system to an earlier seral stage. Attempting to exclude fire 
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from these habitats may lead to an unnaturally high proportion of senescent shrubs that may not 
provide critical habitat elements necessary for wildlife, and an accumulation of fuels which may 
eventually burn unnaturally hot and uniformly. Natural fires in shrublands often leave pockets of 
unburned habitat as refugia that allow swift recolonization of the habitat as the vegetation 
reestablishes (Smith, 2000). 

Invertebrates 

Little has been published about the indirect effects of burning shrublands on most invertebrate 
taxa. In a chaparral ecosystem, Force (1981) found that insect diversity and abundance were 
greatest the first year following a wildfire, but then declined slowly over the subsequent two years. 
These insect indices closely paralleled plant diversity and abundance and it was believed that the 
insects emigrated from unburned areas. After a much larger chaparral wildfire, Moldenke (1977) 
found that pollinator diversity and abundance were much lower on burned than unburned plots. 
This would seem to indicate that burning in a mosaic pattern and leaving unburned refugia could 
enhance insect recolonization. 

Amphibians/Reptiles 

Basking in sunlight is an important thermoregulatory behavior for reptiles, so reduction of foliar 
cover in shrublands may generally be beneficial for this guild although some structure is still 
necessary to provide cover (Lillywhite, 1977). In a study comparing mature and burned chaparral to 
grassland, Lillywhite (1977) found that abundances of five lizard species – western fence lizard 
(sceloporus occidentalis), side-blotched lizard (Uta stansburiana), western whiptail (Cnemidophorus 
tigris), western skink (Eumeces skiltonianus), and coast horned lizard (Phrynosoma coronatum) – 
were highest in recently burned chaparral, moderate in mature chaparral, and lowest in grassland. 
Burned branches of chaparral shrubs can provide important perching structure for lizards where 
they may bask and observe the approach of predators from an elevated vista (Lillywhite and North, 
1974). 

Birds 

For most birds that are specialist shrub-dwellers, the reduction of structure and particular foods 
following prescribed fires will likely depress populations until shrub structure returns. In the Sierra 
Nevada foothills, the chaparral adapted species – California quail (Callipepla californica) and 
California towhee (Pipilo crissalis) – were the most adversely affected by a prescribed fire (Lawrence 
1966). In the short term, the species that fare best after prescribed fires in shrubland communities 
are generalist species that are better adapted to more open spaces, such as western scrub-jay 
(Aphelocoma californica) and mourning dove (Zenaida macroura) (Moriarty and others, 1985). In 
sagebrush habitats, large homogeneous fires are likely to cause substantial declines in populations 
of sagebrush-adapted birds (Knick and others, 2005). When sagebrush removal treatments are 
repeated, the probability of sagebrush recovery is low, thus prohibiting populations of sagebrush 
obligates from recovering (Knick and others 2003). Smaller patchy fires have been found to have 
less of an impact on songbirds such as Brewer’s sparrow (Spizella breweri) that can use unburned 
patches until sagebrush reestablishes (Peterson and Best, 1987). Sagebrush obligates have also 
been found to decline in abundance when juniper trees encroach and crowd out sagebrush (Knick 
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and others, 2003). Thus, burning off encroaching juniper would likely benefit these birds in the long-
term so long as sagebrush is allowed to return as the dominant vegetation-type (Knick and others, 
2005). Furthermore, in mountain shrublands surrounded by forested areas, disturbances such as 
fire are essential to prevent tree encroachment and maintain the brush fields in which shrub-
dwelling species occur (Burnett and Nur, 2007). 

Mammals 

Decreased shrub densities as a result of prescribed fire are likely to result in short-term adverse 
impacts to mammalian species that require shrubs for cover, denning, foraging habitat, or breeding 
habitat. 

Thinning 

Invertebrates 

Invertebrates that are specifically associated with shrubs are likely to suffer adverse impacts as 
a result of thinning that targets shrub cover. 

Amphibians/Reptiles 

As with other shrub-swelling species, herpetofauna that require shrub cover are likely to be 
adversely affected by thinning treatments that target the shrub layer. 

Birds 

Alexander and others (2007) found that shrub thinning in small treatment areas with retention 
of shrub patches did not reduce abundance of shrub-dwelling birds of oak woodland and chaparral 
habitats zero to six years after treatment. Two bird species associated with edges, open subcanopy, 
and/or large cavity trees were more abundant in treated plots and none of the 12 species studied 
was less abundant. Thus, small-scale, patchy thinning of shrubs may have no or a positive effect on 
birds. Since tree thinning promotes shrub growth, it follows that it should benefit shrub-nesting 
birds, and this was documented by Siegel and DeSante (2003), who found much higher densities 
and, for one species, more nests in thinned plots. Shrub-associated birds either increased or showed 
no change as a result of thinning that created brush piles in oak-pine woodland (Aigner and others, 
1998). However, deleterious edge and fragmentation effects on birds of chaparral and other shrub 
habitats are well documented; Bolger and others (1997) found a number of species reduced near 
edges and in fragmented stands in shrub habitat, and Stralberg (2000) found that migrants and 
chaparral-associated birds decreased with proximity to stand edge. Further, Potts (2006) found that 
birds are eight times more likely to be found in prescribed fire areas than in masticated areas due to 
the lack of plant skeletons in masticated areas and the related effects on perch/nest site availability, 
predator movement and microclimate. 

Mammals 

Thinning treatments that remove shrub cover could negatively impact small mammals that rely 
on them for cover from predators, foraging habitat, or breeding habitat. Conversely, species that 
prefer open habitats may benefit from loss of shrub cover and forage material provided by fruiting 
shrubs, grasses and forbs that may become established post-treatment (ODF, 2008). In general, 
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habitat generalists tend to dominate early successional stages post-burn while specialist species 
dominate later (Fisher and Wilkinson, 2005). 

Ungulates such as deer and elk require dense shrub and tree thickets for thermal cover, to hide 
from predator, for daybeds, and for fawning. They also utilize shrubs for forage material. Thinning 
generally increases both the quality and quantity of forage material for ungulates, resulting in a 
beneficial effect from treatment. However, the retention of patches of dense cover is also 
important as treatments that remove such cover could result in a decline in habitat suitability for 
ungulates (Demarais and Krausman, 2000). If large areas of forest cover are removed as a result of 
thinning, wintering ungulates may be forced to lower elevations (Henjum, 2006). 

Herbivory 

Browsing pressure on shrubs may have long-term implications on floral and faunal community 
structure and composition. Deveny and Fox (2006) found that unbrowsed chaparral shrubs 
produced many more seeds than browsed shrubs, resulting in a larger seed bank. Clearly, a reduced 
seed bank may have lower shrub replacement potential, which could jeopardize long-term habitat 
availability for shrub-dependent wildlife. 

Invertebrates 

Because most prescribed herbivory applications will remove shrubs, invertebrates they require 
shrubs for any of their life stages are likely to be displaced as a result of habitat loss. 

Amphibians/Reptiles 

No exclusively shrub-dwelling amphibians or reptiles occur in California. 

Birds 

Purcell and Verner (1997) compared grazed and ungrazed oak-pine woodland and found higher 
California towhee densities but lower towhee productivity on the ungrazed plot. Grazing reduced 
overall plant cover but increased cover of the oak species in which towhee nests were most 
successful; towhees apparently were attracted to the greater overall cover of the ungrazed plot, 
despite the higher nest predation rate there. This result suggests, ironically, that grazing was 
beneficial to this species by lowering its density (and, presumably, density-dependent predation). 
Broader implications are unknown, but it is safe to say that most shrub-nesting birds will be less 
attracted to a site in which understory and ground cover have been reduced and that density may 
not be the best measure of population health. 

Mammals 

As with thinning treatments that remove shrubs, herbivory treatments that remove shrubs are 
likely to impact small mammals that utilize them for cover, predator avoidance, foraging, or 
breeding will suffer adverse impacts as may ungulates that utilize shrubs for browse, thermal cover, 
predator avoidance, daybeds and fawning.  

Arboreal fauna 

Prescribed Fire 
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Invertebrates 

Disturbances such as fire in forested habitats may weaken some trees due to bole char, crown 
scorch, and fine root mortality, which may predispose the trees to an infestation of bark and wood 
boring insects (Bradley and Tueller, 2001; Pilliod and others, 2006). Several species of insects, 
mostly beetles and flies, have been shown to be attracted to freshly burned forests where they may 
oviposit into burned wood (Bradley and Tueller, 2001; Swengel, 2001; Machmer, 2002; Apigian and 
others, 2006). In a study looking at the effects of prescribed fire, Bradley and Tueller (2001) found 
that the probability of bark beetles infesting Jeffrey pines (Pinus jeffreyi) was 25 times greater in 
burned plots than in unburned control plots. In addition, they found that bole char height and 
percent crown scorch were both positively correlated with the probability that Jeffrey pine would 
be infected by the Jeffrey pine beetle (Dendroctonus jeffreyi) and/or red turpentine beetle (D. 
valens). In a different study, the probability of ponderosa pine (Pinus ponderosa) being attacked by 
beetles in the genus Dendroctonus or Ips and the probability of subsequent mortality over three 
years increased with percent crown scorch (McHugh and others, 2003). 

Amphibians/Reptiles 

Because prescribed fire applied under the proposed program is not expected to burn large 
trees, impacts to reptiles and amphibians that utilize arboreal habitats are not expected to occur at 
a significant level. 

Birds 

In general, the indirect effects of prescribed fires on primary cavity-nesting birds (birds that 
excavate their own cavities for nesting) are negligible to slightly positive for low intensity fires (Saab 
and others 2006) and become increasingly beneficial for some species when fire gets into the 
canopy and kills off large numbers of trees (Hutto, 1995; Saab and others, 2004). In forested 
ecosystems, primary cavity nesters often act as keystone species that provide an important 
structural resource (cavities) for a number of other species (Martin and others, 2004). In forest 
types of the Pacific Northwest, 25-30% of vertebrates use cavities for reproducing or resting 
(Bunnell and others, 1999). In the VTP area there are 17 species of birds – primarily woodpeckers, 
but also chickadees and nuthatches – that excavate cavities in trees. Primary cavity nesters seek 
trees and snags with decayed heartwood in which to excavate their cavities (Bunnell and others, 
1999). Bark beetles are often attracted to forests shortly after trees are burned and weakened by 
prescribed fire (Bradley and Tueller, 2001). In a mutually beneficial relationship, these beetles bore 
into the trees, carrying pathogenic fungal spores with them in mycangium (invaginations in the 
exoskeleton); the combination of the beetle activity and fungal growth may overcome the tree’s 
defenses and lead to heart rot (Paine and others, 1999). This combination of factors makes burned 
trees a favored resource for woodpecker foraging and nest cavity excavation. Saab and others 
(2004) found that three to five years after a fire the probability of a cavity being occupied decreased 
substantially. This decrease occurs because snags begin to deteriorate and fall down, wood-boring 
beetles decrease, and the numbers of nest predators increase (Saab and others, 2004). Fires can 
also adversely affect primary cavity nesters by altering the micro-climate of cavities by enlarging 
their openings or creating extra openings, which may make the cavity unsuitable for nesting or 
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roosting and thus cause displacement (Shaffer and Laudenslayer, 2006). 

The abundance of cavities available to many secondary cavity nesters – birds that use 
preexisting cavities – is often tied directly to the success of primary cavity nesters (Martin and 
others, 2004). Although some species such as wood duck (Aix sponsa) and spotted owl (Strix 
occidentalis) can nest in tree cavities created through other means (e.g., broken branches, broken 
tops, and cracks), the majority of secondary cavity nesters are reliant upon primary cavity nesters 
such as woodpeckers to excavate cavities (Martin and others, 2004). Twenty-two species of birds 
within the VTP area are obligate secondary cavity nesters and at least six others are facultative 
cavity nesters. In the short term, prescribed fires may reduce cavities in an area by burning some 
snags already containing cavities (Dwyer and Block, 2000). However, as woodpeckers excavate new 
nest cavities in the years following a fire, the number of unoccupied cavities available for secondary 
cavity nesters should increase above the number present before the fire. Although nest cavities may 
increase after a prescribed fire, the habitat may still be unsuitable for some secondary cavity nesters 
if appropriate foraging habitat is unavailable. Dwyer and Block (2000) found that the abundance of 
secondary cavity nesting insectivores varied substantially one year after an understory burn and 
theorized that differences in foraging methods may have been a primary factor in determining a 
species’ response to fire. For instance, bark-gleaning (e.g., Pygmy Nuthatch [Sitta pygmaea]) and 
foliage-gleaning species (e.g., Mountain Chickadee [Poecile gambeli]) typically decline in abundance 
following fires (Block and Dwyer, 2000, George and Zack, 2003), which may be due to a reduction of 
bark and foliage. Bluebirds, on the other hand, have been found to increase in many post-fire 
settings (Raphael and others, 1987; Block and Dwyer, 2000). This may be partially due to an increase 
in cavities, but may also be related to increased visibility of the ground, as foraging bluebirds often 
perch or hover in open areas and then drop to the ground to capture insect prey (Guinan and 
others, 2000; Power and Lombardo, 1996). Secondary cavity nesters that prefer nesting in open 
areas such as western bluebirds (Sialia mexicana) and violet-green swallows (Tachycineta 
thalassina) will be the most likely species to benefit from prescribed fire (Purcell and Stephens, 
2005). 

Indirect effects on arboreal canopy birds will likely depend on the forest type that is treated. 
Many species breeding in the canopy of a coniferous forest will probably be unaffected by low-
intensity understory burns. One study looking at the effects of thinning and prescribed fire in a giant 
sequoia forest found that bird species abundance in the treated plots was variable in the upper 
canopy and did not differ substantial from the untreated control plots (Kilgore, 1971). In the 
understory, though, western wood-pewees (Contopus sordidulus) nested and foraged in greater 
numbers after the understory had been reduced (Kilgore, 1971). Some authors have suggested that 
flycatchers such as the western wood-pewee and olive-sided flycatcher (Contopus cooperi) may 
benefit and even increase in number in recently burned forested environments due to a greater 
availability of perches and enhanced visibility for spotting and capturing prey (Kilgore, 1971; Altman 
and Sallabanks, 2000). Meehan and George (2003) found that the presence of olive-sided flycatcher 
was positively correlated with recently burned forest. However, they also found that over both 
years of the study, nest success was 50% greater in early seral stage forest than in recently burned 
forest (Meehan and George, 2003). The authors attributed this increased nesting success rate to 
increased aerial arthropod biomass (primarily beetles and termites) and a greater peak foraging rate 
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in the unburned forest (Meehan and George, 2003). This suggests that indirect benefits due to 
disturbances such as prescribed fire may increase over time for aerial insectivores. Many hardwood 
forests currently suffer from fire suppression where fire intolerant conifer species (e.g., Douglas-fir 
[Pseudotsuga menziesii] and white fir [Abies concolor]) outcompete native trees. Aspen forest mixed 
with riparian vegetation contains the highest bird diversity in the Sierra Nevada, and prescribed fire 
has been identified as an effective tool at reducing encroaching conifers and maintaining aspen 
health (PRBO white paper).  

Mammals 

Indirect effects of prescribed fire on arboreal rodents are mostly negative for arboreal squirrels 
and relatively unknown for tree voles. Although prescribed fire will primarily be constrained to the 
understory, all three species of native arboreal squirrels in the VTP area – Douglas squirrel 
(Tamiasciurus douglasii), western gray squirrel (Sciurus griseus), and northern flying squirrel 
(Glaucomys sabrinus) – forage extensively on the forest floor for sporocarps of hypogeous fungi 
(i.e., truffles; Steinecker and Browning, 1970; Pyare and Longland, 2001) and other foods (e.g., 
acorns, conifer seeds, invertebrates; Wells-Gosling and Heaney, 1984, Carraway and Verts 1994, 
Steele, 1999). In a study examining prescribed fire effects one to two years after the burn, Meyer 
and others (2005) found that truffles were substantial reduced in number, biomass, and richness on 
burned plots compared to unburned control plots; thinning plots before burning further reduced 
these truffle metrics. Leaf litter depth, which has been linked to truffle abundance (North and 
Greenberg, 1998), was substantial reduced on plots treated with fire and/or thinning (Meyer and 
others, 2005) and was the only factor that explained the presence or absence of flying squirrels in 
burned forests (Meyers and others, 2007). Reduction of truffles following prescribed fire could have 
severe consequences for northern flying squirrels as truffles comprise a significant part of their diet 
(Hall 1991), and flying squirrel density has been found to be positively correlated with truffle 
frequency (Waters and Zabel, 1995). Fire may also be detrimental to Douglas squirrels which cache 
food on the ground in “middens.” Middens can be critical to over-winter survival (Smith and others 
2003), and if consumed by prescribed fires, may cause these squirrels to perish from starvation. 
Furthermore, prescribed fire generally causes substantial reductions in shrub cover, which may 
increase the risk of predation for rodents during foraging activities (Pyare and Longland, 2002). 
Conversely, all three of these arboreal squirrels often use tree cavities as den sites (Ingles, 1965, 
Bakker and Hastings, 2002), and thus may benefit from prescribed fire over time as woodpeckers 
and other natural processes create more cavities. Although no studies have been conducted to 
determine the effects of prescribed fire on tree voles (Arbormius longicaudus and A. pomo), habitat 
use should be relatively unaffected by low-intensity prescribed fires since tree voles rarely descend 
from trees and build their nests on branches out of needles and twigs (Smith and others, 2003). 
Prescribed fires such as pile and jackpot burning may be beneficial to tree voles by reducing the risk 
of a stand-replacing wildfire. If fire, smoke, or heat gets into the canopy though, this could disrupt 
the micro-climate around nest trees and potentially cause abandonment. Although little is known 
about the habitat requirements necessary for dispersal, tree voles are known to occasionally 
disperse on the forest floor and so a reduction in shrub cover may increase the risk of predation.  

Little has been published documenting the indirect effects of prescribed fire on bats. However, 
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current understanding of habitat selection by bats suggests that most of the changes caused by 
prescribed fire are beneficial. Woody structures used for roosting are essential habitat elements for 
many bat species in forested environments (Hayes, 2003). Roosts provide protected shelters for 
resting, raising young, and hibernating (Hayes, 2003). Snags with sloughing bark and cavities and 
large-diameter trees with basal hollows are commonly used by bats for roosting (Gellman and 
Zielinski, 1996; Hayes 2003). Although prescribed fires may burn up some snags, they also help 
create new snags and basal hollows (Finney, 1996; Bradley and Tueller, 2001; Saab and others, 
2006; Shaffer and Loudenslayer, 2006), which bats can then use for many years after the burn. 
Furthermore, woodpecker cavities – which may increase dramatically after fires (Saab and others, 
2004) – have been shown to be important for some species of roosting bats (Kalcounis and Brigham, 
1998; Bonar, 2000). In a study examining indirect effects of prescribed fire on bats, Boyles and 
Aubrey (2006) found that all 23 bats fitted with radio transmitters roosted everyday on a burned 
plot, though many of the bats had been captured on a road that separated the burned and an 
unburned plot. Boyles and Aubrey (2006) also found that canopy light penetration was substantial 
greater on the burned than unburned plot; these authors and others have suggested that day roosts 
with good sun exposure are preferentially selected by bats for thermoregulatory purposes (Waldien 
and others, 2000; Hayes, 2003). Warm roosts are particularly important for females during the 
reproductive period, as low ambient temperatures have been linked to low reproductive success 
(Lewis, 1993). Prescribed fires may also improve foraging by bats by reducing “clutter” (twigs, 
leaves, shrubs, small trees, etc.) in interior forest and thus enabling bats to more easily maneuver 
and echolocate insect prey (Brigham and others, 1997; Hayes, 2003).  

Thinning 

Invertebrates 

Bark- and wood-boring insects (primarily beetles and wasps) are generally viewed unfavorably 
by forest managers, though they provide an important source of food for many animals, create 
habitat for cavity dwellers by killing trees, and are themselves valid elements of biodiversity. Dense 
stands are more susceptible to “infestation” (i.e., more suitable for borers) than open stands 
because trees in dense stands are often stressed from competition and disease and thus vulnerable 
to attack by these insects. Therefore, treatments that improve tree condition, as thinning generally 
is thought to for the unharvested trees, affect borers negatively. However, site disturbance caused 
by thinning can itself stress trees and result in short-term increases in borer populations. Machmer 
(2002) and Apigian and others (2006) found more borers in thinned stands during the first year after 
treatment than in control stands. Borer populations in treated stands may take some time to 
diminish; Sanchez-Martinez and Wagner (2002) found no difference in endemic bark beetle 
abundance between control stands, thinned stands 4-11 years after treatment, and thinned and 
burned stands three to four years after treatment. Thus, thinning does not appear necessarily to be 
a prescription for reducing boring insect densities in the short term. 

Amphibians/Reptiles 

Thinning treatments are not likely to remove many large trees or have any significant impacts 
on amphibians or reptiles that utilize arboreal habitats. 
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Birds 

Effects of thinning on forest raptors will depend on the species in question. Some raptors, 
including buteos, eagles, falcons, and large owls, prefer open forest structure in which they can 
maneuver and spot prey at a distance and often forage in clearings and meadows where terrestrial 
prey is abundant. However, large snags and trees must be present in the vicinity for nesting. Other 
species, including the smaller accipiters and owls, prefer denser stands that offer cover and support 
aerial prey populations and in which large raptors are absent. Yet others (e.g., Northern goshawk 
[Accipiter gentilis]) prefer closed canopy, large trees, and open understory (Reich and others, 2004). 
Thus, thinning, no matter how it is done, can be expected to benefit some raptors and harm others. 
A diversity of treatments and vegetative structure at the landscape level will be necessary for 
achieving and/or maintaining high raptor diversity. 

Effects of thinning on cavity-nesting birds (both primary and secondary) will depend primarily 
on the quantity of large-diameter snags removed. Non-selective treatment methods such as 
chaining that knock down snags as well as trees are likely to harm these birds (and other animals 
such as flying squirrels that use cavities, which often are a limiting resource). Conversely, manual 
treatments can be much more selective and leave snags in place. Some species, including pileated 
woodpecker (Dryocopus pileatus), forage to a large extent on down wood and will be affected 
negatively from its removal as well (Bull, 1987); pileated woodpecker was the only cavity nester 
found more in unthinned than thinned stands by Siegel and DeSante (2003). Hairy woodpecker 
(Picoides villosus) responded favorably to commercial thinning where large conifers, snags, and 
slash were not removed, perhaps because of increased foraging substrate and stand openness 
(Hagar and others, 1996). Hairy woodpecker also responded favorably to thinning in Hayes and 
others (2003) study. Several cavity nesters had higher nest success on thinned plots in Siegel and 
DeSante’s (2003) study. Northern pygmy-owl (Glaucidium gnoma) increased after thinning with 
retention of cavity trees in oak-pine woodland (Aigner and others, 1998), presumably because of 
increased foraging opportunities in the openings created. Thinning alone may be better for cavity 
nesters than thinning followed by burning (Bull and others, 2005), although two species preferred 
thinned and burned plots to thinned-only and control plots in George and Zack’s (2003) study. 

Effects of thinning on other arboreal birds vary by species and forest type. Species positively 
associated with open subcanopy may benefit from thinning of that layer; bark-foraging species may 
benefit from thinning if slash is not removed; and species associated with hardwoods may benefit 
from thinning of conifers (Hagar and others 1996). Conversely, species of dense, closed-canopy 
forest are likely to suffer from thinning (Hagar and others 1996). Siegel and DeSante (2003) found 
most canopy-nesting birds to be more abundant and, in two cases, more productive on thinned 
than unthinned mixed-conifer plots, but two species were more abundant on the unthinned plots. 
Aigner and others (1998) had similar results in oak-pine woodland, with several species increasing 
after thinning and two decreasing. George and Zack (2003) and Hayes and others (2003) found 
nearly equal numbers of species increasing and decreasing in response to thinning. Beedy (1981) 
found more birds, especially understory gleaners and salliers, in open- than closed-canopy forests. 
Pacific-slope flycatcher (Empidonax difficilis), Hutton’s vireo (Vireo huttoni), golden-crowned kinglet 
(Regula satrapa), brown creeper (Certhia americana), and black-throated gray warbler (Dendroica 
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nigrescens) are among the arboreal species that consistently appear to be affected negatively by 
thinning (Haveri and Carey, 2000; George and Zack, 2003; Hayes and others, 2003). Thus, many 
arboreal birds favor less-dense forest stands, although some species are dependent on dense, 
closed-canopy forest and will require retention of unthinned patches. 

Mammals 

Little information is available on responses of bats to thinning, but bats of treed habitats are 
dependent on roost sites such as loose bark and cavities that are characteristic of mature stands. 
Additionally, spacing between trees may facilitate bat flight, and well-developed shrub and 
herbaceous layers may support insects on which bats feed. Pallid bat (Antrozous pallidus) feeds 
primarily on terrestrial arthropods that in turn require leaf litter and other ground cover. Studies 
suggest that bat densities are highest in old-growth forest; lowest in dense, second-growth stands; 
and intermediate in thinned stands in which large-diameter snags and trees have been retained 
(Perkins and Cross, 1988; Thomas 1988; Humes and others, 1999). Thus, thinning of second growth 
can be expected to benefit bats if it does not remove ground cover or roost sites. 

Arboreal rodents are typically dependent on characteristics associated with mature forest, 
including cavities, brooms, mossy branches, and dense canopy cover. Thus, these species may be 
affected negatively by thinning, especially in combination with fire. Bull and Blumton (1999) and 
Bull and others (2004) found decreases in red squirrel (Tamiasciurus hudsonicus) and northern flying 
squirrel numbers, respectively, one to two years after thinning in coniferous forests in Oregon. 
Some “arboreal” rodents feed on the ground - for example, truffles are the primary food of 
northern flying squirrel – and so can be affected by impacts on and above the ground, including soil 
disturbance and compaction, drying effects, canopy thinning, and loss of elevated shelters. 

Herbivory 

Indirect effects of grazing and browsing on arboreal fauna have not been studied perhaps can 
be predicted with some accuracy. Whatever effects might occur will be limited to those related to 
prey abundance and foraging efficiency for species that forage in the ground and shrub layers. Thus, 
effects on arboreal fauna can be inferred from those on their respective prey species. 

5.5.2.6 Bioregion-Specific Effects of Implementing the Program/Alternatives 

This section addresses potential indirect and cumulative effects of the Program and 
Alternatives on wildlife, with emphasis on special-status taxa likely to come up for consideration at 
the project level.  

Some potential exists for substantial adverse effects, but MMR 5 should prevent them. These 
potential effects and avoidance (mitigation) measures are presented here to guide project 
managers and consultants. In habitat appropriate for special-status taxa, surveys will be conducted 
prior to a vegetation treatment project to determine presence or absence. Treatment projects that 
affect federally or state listed taxa will need to be carried out in accordance with federal or state 
recovery plans and will require informal consultation with the appropriate agencies to determine if 
initiation of the formal consultation process is warranted to ensure compliance with currently 
existing laws. 
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NORTH COAST/KLAMATH BIOREGION 

Vegetation types (“life forms”) that will be treated extensively in this bioregion, in terms of 
either absolute extent or relative extent, are Conifer Forest (by all treatment types) and Conifer 
Woodland, Hardwood Forest, Hardwood Woodland, Herbaceous, and Shrub (primarily by 
prescribed fire). Coastal habitats in this bioregion are typically not fire-dependent and for the most 
part cannot be considered fire-suppressed. Wildlife in these habitats probably will not benefit 
greatly from treatment and those dependent on cool, moist forest conditions may be harmed by it if 
it results in warmer, drier ambient conditions. Conversely, inland habitats outside the fog belt have 
elevated fuel loadings due to fire suppression and are extremely vulnerable to stand replacement 
wildfire. Thus, treatment effects that reduce wildfire risk in these habitats will be of benefit to their 
wildlife in the long run despite potential adverse, short-term, direct effects. Forest habitats in this 
bioregion did not evolve under intense grazing or browsing pressure, so application of livestock for 
fuel reduction should be carried out judiciously. 

The ten special-status taxa meeting our selection criteria in this bioregion fall into two groups. 
The first group consists of upland species associated with old-growth forests:  northern goshawk 
(Accipiter gentilis), marbled murrelet (Brachyramphus marmoratus), northern spotted owl (Strix 
occidentalis caurina), Sonoma tree vole, Humboldt marten (Martes americana humboldtensis), and 
fisher. These species all require large tracts of mature, structurally complex forest with abundant 
“legacy features” (large trees, tree and snag cavities, broken treetops, brooms, logs, brush piles, 
etc.), though their specific requirements vary. For example, the goshawk prefers a relatively open 
understory and may benefit from treatments that create this condition; the murrelet requires only a 
dense canopy of mature, mossy trees, which will not be affected by treatment; and the vole 
sometimes burrows into leaf litter, which may be removed by fire but supplemented by mechanical 
and manual treatments. Fisher home ranges are much larger than VTP projects, ameliorating 
potential negative effects of treatment. All species are vulnerable to disturbance; especially during 
the breeding season; fire and mechanical treatments are likely to be the most disruptive. 

The second group includes species directly associated with streams or other water sources:  
southern torrent salamander (Rhyacotriton variegatus), tailed frog (Ascaphus truei), foothill yellow-
legged frog (Rana boylii), and osprey (Pandion haliaetus). The first two require cold, shady streams 
or seeps and are not likely to benefit from treatment. The yellow-legged frog, on the other hand, is 
tolerant of warm water temperatures and likes to bask on sunny rocks and stream banks and thus 
may benefit from treatments that increase penetration of sunlight onto stream courses. 
Disturbance to springs and seeps may affect these species adversely. 

In summary, indirect effects of the VTP in the North Coast/Klamath Bioregion, at least at the 
project level, are likely to be positive for species in fire-suppressed habitats but may be negative for 
species of cool, moist, coastal forests. Since no more than 0.26% of any vegetation life form will be 
treated annually, cumulative effects are expected to be negligible for most species. However, 
species that are or may be endangered (CNDDB state ranks 1 and 2) may experience moderately 
adverse cumulative indirect effects. 
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Table 5.5.2.2 
Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status 
Wildlife In The North Coast/Klamath Bioregion 

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatment 

Herbivory 

Southern Torrent Salamander MA MA MA N 
Tailed Frog MA MA MA N 
Foothill Yellow-legged Frog B B B N 
Northern Goshawk B B B B 
Marbled Murrelet N N N N 
Osprey N N N N 
Northern Spotted Owl SA SA SA N 
Sonoma Tree Vole N B B N 
Humboldt Marten N N N N 
Fisher N N N N 

SA = Substantial Adverse, MA = Moderately Adverse, N = Negligible or Neutral, B = Beneficial. Adverse effects can be 
reduced to negligible with adherence to MMRs and checklist items. 

Substantial Adverse Effects 

Fire and/or thinning could cause substantial adverse indirect effects to the federally threatened 
northern spotted owl if projects occur in areas utilized by this subspecies. The effects on northern 
spotted owl of widespread fuel reduction are poorly known. Treatments that reduce spatial 
heterogeneity in vegetation or reduce tree diversity may have harmful effects on the owl’s prey 
base. In inland areas, the spotted owl preys mainly on flying squirrels; prescribed burning and 
mechanical thinning both have been shown to reduce flying squirrel abundance (Meyer and others 
2007). More directly, microclimate changes may reduce stand quality for spotted owls, which prefer 
cool, moist conditions. Any negative impact to northern spotted owl habitat could be considered a 
violation of the ESA and a breach of a significance threshold. However, if fuels can be reduced at a 
scale sufficient to reduce the risk of wildfire across a watershed without substantially reducing 
canopy cover, the benefit of habitat longevity will outweigh the potential shorter-term negative 
effects. Habitat quality for northern spotted owls may need to be assessed at the landscape rather 
than the stand or activity center level. 

Moderately Adverse Effects 

Fire and/or thinning (mechanical and manual) may have moderately adverse indirect effects to 
on Southern torrent salamander and tailed frog by removing cover near riparian habitats that 
moderate stream temperatures and causing sedimentation into streams.  

Alternatives 

Alternatives 1 and 4 would reduce greatly the magnitude of indirect and cumulative effects in 
the North Coast/Klamath Bioregion but would not eliminate the existing potential of the VTP for 
substantial adverse effects on northern spotted owl. 

Alternative 3 would not alter effects on northern spotted owl but would reduce moderately adverse 
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negative effects on southern torrent salamander and tailed frog to negligible. 

MODOC BIOREGION 

Very few projects will occur in this bioregion, with no more than 0.23% of any vegetation type 
treated annually, so landscape-level impacts, whether positive or negative, will be minimal. 
Vegetation types (“life forms”) that will be treated extensively in this bioregion are Conifer Forest, 
Hardwood Forest, Hardwood Woodland, and Herbaceous, with prescribed fire and herbivory being 
the primary treatment types. These habitats have evolved with both fire and grazing pressure, so 
treatment can be expected to simulate natural processes and reverse effects of fire suppression, 
benefiting most wildlife species at the project level. However, over-grazing is already a major 
environmental problem in this bioregion, contributing to tree encroachment of herbaceous and 
shrub habitats. 

Four of the five special-status species selected for analysis in this bioregion are raptors. The 
northern goshawk and spotted owl are species of mature forests. The goshawk requires large trees 
for nesting and prefers open understory for hunting and detection of nest predators. It does not 
depend directly on any habitat elements that will be removed by treatment and prefers conditions 
that will result from treatment, and its prey species are not likely to be affected negatively by 
burning or herbivory. Thus, it stands to benefit from the VTP. The owl prefers dense, cool conifer 
stands, and these conditions should not be affected by prescribed fire or herbivory; however, its 
primary prey species, the northern flying squirrel, depends on truffles, which decline in abundance 
following either prescribed fire or mechanical thinning. The osprey and bald eagle (Haliaeetus 
leucocephalus) both require clear, open bodies of water for hunting and typically nest nearby, the 
osprey in large snags, dead-topped trees, or cliffs and the eagle usually in large, live trees. The rot 
that creates such structure is a natural ecosystem process that contributes snag development and 
large woody debris that provide structure and complexity to forests and rangelands. VTP treatments 
will not destroy nest sites, and MMRs should prevent erosion and siltation, which could decrease 
water clarity.  

The fifth species, the badger (Taxidea taxus), inhabits open habitats with dry, friable soils, 
conditions that should be enhanced by the VTP. Prescribed burning in particular should result in 
increased numbers of most badger prey species. The only potential negative effect of the VTP on 
badger is use of livestock in areas already over-grazed, reducing forage available for prey species, 
but it is not expected that herbivory will be used, or indeed necessary, in such situations. 

In summary, effects on Modoc’s wildlife from the VTP are expected to be negligible at the 
bioregion-level. Reintroduction of fire to Modoc in the ecosystems discussed above should be 
beneficial to most wildlife. 
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Table 5.5.2.3 
Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status 
Wildlife in the Modoc Bioregion 

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatment 

Herbivory 

Osprey N N N N 
Bald Eagle N N N N 
Northern Goshawk N N N N 
Spotted Owl N N N N 
American Badger N N N N 

       N = Negligible or Neutral. Adverse effects can be reduced to negligible with adherence to MMRs and checklist items. 

Alternatives 

None of the alternatives would introduce negative effects on wildlife in the Modoc Bioregion 
not present in the Program. 

SACRAMENTO VALLEY BIOREGION 

Wildlife remaining in this highly developed bioregion is already heavily affected by human 
activities and most taxa are fairly disturbance tolerant. Upland habitats here are fire and grazing-
adapted and wildlife should, on the whole, benefit from treatment. The understory of the remaining 
riparian habitat in the bioregion is choked with invasive plants and should benefit from efforts to 
control them. Vegetation types (“life forms”) that will be treated extensively in this bioregion are 
Hardwood Forest, Hardwood Woodland, Herbaceous, and Shrub; all treatment types will be used 
throughout. These vegetation types occur mostly in higher elevations around the perimeter of the 
bioregion, particularly in the north, and are essentially the only treatable vegetation types occurring 
in the bioregion. Compared to the other bioregions, treatment will be applied to very large 
proportions of these habitats, ranging from 1% to 12% annually (e.g., hardwood forest, see 
botanical analysis); thus, effects on wildlife could be quite substantial. 

Of the 12 special-status taxa selected for analysis in this bioregion, few have any real potential 
for negative indirect effects of treatment. One, the valley elderberry longhorn beetle (Desmocerus 
californicus dimorphus), is a specialist on blue elderberry (Sambucus mexicana), preferring to lay its 
eggs in stressed plants no more than eight inches in diameter. Cutting, burning, grazing, and 
herbicide use have been identified as causes of elderberry mortality and the subsequent decline of 
the beetle. Thus, treatments in potential beetle habitat must be implemented so as to avoid 
impacts to elderberries; this may be difficult with anything other than manual treatment. 

Species such as California tiger salamander (Ambystoma californiense), western spadefoot 
(Spea hammondii), Western pond turtle (Emys marmorata), white-tailed kite (Elanus leucurus), 
Swainson’s hawk (Buteo swainsoni), and burrowing owl (Athene cunicularia) that utilize grassland 
habitats generally are expected to benefit indirectly from treatment, which will help maintain 
grasslands by preventing encroachment of woody vegetation. However, tilling can destroy the 
burrows on which some of these species rely. The silver-haired bat (Lasionycteris noctivagans) 
forages over open, brushy areas and may benefit from treatment of shrub habitats. The other 
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selected species utilize habitat elements that will not be affected by the Program. 

In summary, VTP treatment in the Sacramento Valley Bioregion will be quite extensive. 
Grassland and savanna wildlife is likely to benefit indirectly from treatment. Conversely, understory 
species of riparian habitats may be harmed unless their specific habitat elements can be avoided. 

Table 5.5.2.4   
Potential Indirect Effects Of The VTP at the Bioregion Level on Selected Special-Status 
Wildlife in the Sacramento Valley Bioregion 

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatme

nt 

Herbivory 

Valley Elderberry Longhorn Beetle SA SA N SA 
California Tiger Salamander SA SA B B 
Western Spadefoot B MA B B 
Western Pond Turtle B B B B 
Great Blue Heron N N N N 
Osprey N N N N 
White-tailed Kite B B B B 
Bald Eagle N N N N 
Swainson’s Hawk B B B B 
Western Yellow-billed Cuckoo N N N N 
Burrowing Owl B MA B B 
Silver-haired Bat B B B B 

SA = Substantial Adverse, MA = Moderately Adverse, N = Negligible or Neutral, B = Beneficial. Adverse effects can be 
reduced to negligible with adherence to MMRs and checklist items. 

Substantial Adverse Effects 

The federally threatened valley elderberry longhorn beetle is a riparian specialist dependent on 
a certain size class of a particular plant species (blue elderberry) for breeding. Any loss of this plant 
due to treatment could be considered a violation of the ESA and a breach of the determination 
threshold. However, treatments that remove exotic vegetation but spare elderberry may enhance 
growth of elderberry seedlings and benefit the beetle. 

The federally threatened California tiger salamander spends most of the year in rodent burrows 
and requires surface cover (boards, logs, rocks, etc.) during its annual migrations to and from 
breeding sites. Treatments that destroy burrows (mechanical) or surface cover (fire) in the 
salamander’s habitat could be considered violations of the ESA and breaches of the determination 
threshold but will be avoided with the implementation of MMR 5. However, treatments that 
maintain grasslands without removing these habitat elements will benefit this species. 

Moderately Adverse Effects 

Mechanical treatments may have moderately adverse indirect effects on Western spadefoot as 
a result of direct mortality due to crushing by machinery and on burrowing owl as a result of 
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collapse of burrows used for nesting. 

Alternatives 

Alternative 1 would reduce greatly the magnitude of indirect and cumulative effects in the 
Sacramento Valley Bioregion but would not eliminate the existing potential of the VTP for 
substantial adverse effects on valley elderberry longhorn beetle or California tiger salamander. 

Alternative 3 would reduce to some extent, but would not eliminate, the magnitude of 
substantial adverse effects on valley elderberry longhorn beetle. It would not alter substantial 
adverse effects on California tiger salamander. 

Alternative 4 would reduce the effects of prescribed fire to negligible for all species. It would 
reduce other effects as well but would not eliminate the potential for substantial adverse effects 
from mechanical treatments on valley elderberry longhorn beetle or California tiger salamander or 
of herbivory on valley elderberry longhorn beetle. 

SIERRA BIOREGION 

With increasing frequency, the Sierra Bioregion is experiencing catastrophic wildfires which are 
a result of increased fuels due to fire suppression. Treatments that reintroduce fire (or its effects) to 
fire-dependent ecosystems, such as most low-to-mid-elevation Sierra habitats are, expected to 
benefit the region’s wildlife. High-elevation habitats, which are less fire-dependent, are mostly 
outside CAL FIRE’s jurisdiction and excluded from the Program with the exception of private 
timberland owners and communities in the upper elevational range that have received grant 
funding for treatment from CAL FIRE. Vegetation types (“life forms”) that will be treated extensively 
in this bioregion are Conifer Forest (all treatment types), Hardwood Forest and Hardwood 
Woodland (primarily by fire and mechanical methods), Herbaceous (all treatment types except 
herbicides), and Shrub (largely by fire). Over the past 150 years, intensive forest management, fire 
suppression, grazing, and water diversions have degraded much of the habitat value of these 
vegetation types. Although there will be many VTP projects in this bioregion, the vegetation types to 
be treated are extensive and no more than 0.66% of any one type will be treated annually. 

Of the 16 special-status taxa selected for analysis in this bioregion, only three are likely to 
experience substantial adverse indirect effects from fuel reduction treatments. The California 
spotted owl (Strix occidentalis occidentalis) requires dense, cool conifer stands and may suffer from 
understory thinning as well as reduction of its primary prey, the northern flying squirrel (Glaucomys 
sabrinus), as a result of truffle depletion. Similarly, great gray owl may be adversely impacted by 
thinning that would reduce canopy closure and thus cover for juveniles and leaning trees and other 
structures used for perching. Herbivory may also have an adverse impact on great gray owls by 
reducing their preferred prey species. The northern goshawk prefers mature stands with an open 
understory and likely will benefit from fuel reduction. The other forest species utilize habitats or 
habitat elements that will not be affected by treatment. 

Several special-status species inhabit grasslands on the southwestern edge of the bioregion. 
This early-successional habitat is adapted to frequent fires and regenerates quickly. Prescribed fire 
will help maintain grasslands and is expected to benefit these species, several of which also use 
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adjacent aquatic habitats that will not be treated. Tilling and mowing, however, may destroy 
burrows and burning may destroy cover objects, negatively affecting California tiger salamander. 
The two bats on the list utilize a wide variety of habitats but generally forage in open areas and thus 
should benefit from treatment. 

In summary, VTP treatment in the Sierra Bioregion generally will help reverse the effects of fuel 
buildup due to fire suppression. Effects on wildlife will be negligible or positive overall, with only a 
few causes for concern. 

Table 5.5.2.5   
Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status Wildlife 
in the Sierra Bioregion 

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatment 

Herbivory 

California Tiger Salamander SA SA N B 
Foothill Yellow-legged Frog B B B B 
Mountain Yellow-legged Frog N N N N 
California Red-legged Frog SA SA N N 
Western Pond Turtle  B B N B 
Northern Goshawk B B B B 
California Spotted Owl MA MA MA N 
Great Gray Owl 

SA SA SA SA 
Willow Flycatcher N N N N 
Pallid Bat B B B B 
Western Mastiff Bat B B N B 
San Joaquin Kit Fox B SA N B 
American Marten N N N N 
Fisher MA MA MA N 
Wolverine N N N N 
American Badger B MA N B 

SA = Substantial Adverse, MA = Moderately Adverse, N = Negligible or Neutral, B = Beneficial. Adverse effects can be 
reduced to negligible with adherence to MMRs and checklist items. 
 
Substantial Adverse Effects 

See the Sacramento Valley Bioregion section for a discussion of substantial adverse effects on 
the California tiger salamander. 

The state endangered great gray owl may be adversely impacted by thinning that would reduce 
canopy closure that provides cover for juveniles and leaning trees and other structures used for 
perching. Herbivory may also have an adverse impact on great gray owls by reducing their preferred 
prey species.  

The federally threatened California red-legged frog requires dense vegetation and deep leaf 
litter in riparian zones. Fuel reduction treatments in these areas are likely to disrupt and/or diminish 
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these critical habitat elements, constituting a violation of the ESA and a breach of the determination 
threshold. 

The federally endangered San Joaquin kit fox (Vulpes macrotis mutica) is a burrowing species, 
creating underground dens for shelter and breeding. Mechanical treatments in grassland habitats 
may destroy active fox burrows and dens. Such impacts to fox habitat could be considered 
violations of the ESA and thus breaches of the determination threshold. However, other treatments 
that maintain grasslands without damaging burrows will benefit this species. 

Moderately Adverse Effects 

The California spotted owl (Strix occidentalis occidentalis) requires dense, cool conifer stands 
and may suffer from understory thinning as well as reduction of its primary prey, the northern flying 
squirrel (Glaucomys sabrinus), as a result of truffle depletion. 

Treatments that may substantial reduce overhead cover or consume or remove understory 
debris may have a negative impact of fisher. 

American badger is also a burrowing species and susceptible to burrow collapse by machinery 
while applying mechanical treatments. 

Alternatives 

Alternative 1 would reduce greatly the magnitude of indirect and cumulative effects in the 
Sierra Bioregion but would not eliminate the existing potential of the VTP for substantial adverse 
effects from prescribed fire or mechanical treatments on California tiger salamander or San Joaquin 
kit fox. 

Alternative 3 would not alter substantial adverse effects on California tiger salamander or San 
Joaquin kit fox. 

Alternative 4 would reduce greatly the effects of prescribed fire on all species and would 
reduce other effects as well but would not eliminate the potential for substantial adverse effects on 
California tiger salamander or San Joaquin kit fox. 

BAY AREA/DELTA BIOREGION 

Most habitats in this bioregion are severely fragmented by development. Vegetation types 
(“life forms”) that will be treated extensively in this bioregion are Conifer Forest (primarily by 
prescribed fire and mechanical treatment) and Hardwood Forest, Hardwood Woodland, 
Herbaceous, and Shrub (primarily by prescribed fire). Most of these habitats, including annual 
grasslands, chaparral, oak woodlands, and even redwood forests, evolved with fire and are well 
adapted to it and, in many cases, suffering from its absence. Fuel reduction in these habitats can be 
expected to have beneficial indirect effects on wildlife. No more than 0.6% of any vegetation type 
will be treated annually. 

Three of the six special-status taxa that met the selection criteria for analysis in this bioregion 
should benefit from fuel reduction treatments because they require early-successional habitats. The 
Zayante band-winged grasshopper (Trimerotropis infantilis) often occurs in grassy areas in sparse 
chaparral and likely will benefit from treatments that prevent dense shrub cover from developing. 
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The western pond turtle is expected to benefit because treatment will keep potential nest sites 
from being shaded out by woody vegetation. The San Joaquin kit fox inhabits open grassland with 
dense rodent populations, an environment well adapted to periodic fires. 

The three remaining species may not benefit from VTP treatments. The monarch butterfly 
(Danaus plexippus) forms winter roosts of many thousands of individuals in sheltered groves of 
several exotic tree species (eucalyptus, Monterey pine, and Monterey cypress). Although some 
known monarch butterfly groves are protected, others could be targeted for removal under the VTP 
and loss of these groves could have a locally devastating impact on this species. However, MMR 5 
likely will be sufficient to prevent impacts to these habitats, and the species is still numerous 
enough that cumulative effects are unlikely. The California tiger salamander depends on logs and 
other cover objects during migration, and these could be destroyed by fire. The California red-
legged frog (Rana draytonii) requires well-vegetated riparian zones with thick leaf litter and may be 
harmed by treatments that disrupt the ground layer. 

In summary, indirect effects of the VTP in the Bay Area/Delta Bioregion, at least at the project 
level, are likely to be positive for grassland, chaparral, oak woodland, and redwood forest species 
but not for those of coastal riparian zones or other non-fire-adapted habitats. 

Table 5.5.2.6 
Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status Wildlife 
in the Bay Area/Delta Bioregion 

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatment 

Herbivory 

Zayante Band-winged Grasshopper B N N N 
monarch butterfly MA MA N N 
California Tiger Salamander SA N N N 
California Red-legged Frog SA SA N N 
Western Pond Turtle B N N N 
San Joaquin Kit Fox B N N N 

SA = Substantial Adverse, MA = Moderately Adverse, N = Negligible or Neutral, B = Beneficial. Adverse effects can be 
reduced to negligible with adherence to MMRs and checklist items. 

Substantial Adverse Effects 

The federally threatened California tiger salamander requires surface cover (boards, logs, rocks, 
etc.) during its annual migrations to and from breeding sites. Prescribed fire may destroy surface 
cover in the salamander’s habitat, which could be considered a violation of the ESA and a breach of 
the determination threshold. However, treatments that maintain grasslands without removing 
these habitat elements will benefit this species. 

See the Sierra Bioregion section for a discussion of substantial adverse effects on the California 
red-legged frog. 

Moderately Adverse Effects 

Monarch butterflies are likely to suffer adverse impacts to local populations where treatments 
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may occur in groves housing large winter roosts. 

Alternatives 

Alternative 1 would reduce all effects greatly and would reduce substantial adverse effects of 
mechanical treatment to negligible but would not eliminate the existing potential of the VTP for 
substantial adverse effects on California red-legged frog from prescribed fire. 

Alternative 3 would reduce the potential for substantial adverse effects on California red-legged 
frog to negligible. It would not eliminate the potential for substantial adverse effects from 
prescribed fire on California tiger salamander. 

Alternative 4 would reduce potential effects of prescribed fire to negligible. It would reduce but 
not eliminate the potential for substantial adverse effects from mechanical treatments on California 
red-legged frog. 

SAN JOAQUIN VALLEY BIOREGION 

The vegetation types (“life forms”) that will be treated extensively in this bioregion are Conifer 
Forest and Desert Shrub (no single treatment type will treat more than 0.1% of the bioregion); 
Conifer Woodland (prescribed fire); Hardwood Forest, Herbaceous, and Shrub (fire and mechanical); 
and Hardwood Woodland (all treatment types). These habitats exist today primarily in the northeast 
and southwest portions of the bioregion (lower Sierra Nevada foothills and inner Coast and 
Transverse Ranges, respectively); the valley floor largely has been converted to agriculture. Fire is a 
natural part of these ecosystems and prescribed fire is expected to have beneficial indirect effects 
on wildlife. Few projects will occur here; at most, 1.4% of any one vegetation type will be treated 
annually. 

The five special-status taxa selected for analysis in this bioregion are all species of grassland and 
open scrub and persist mainly in areas that have escaped complete agricultural conversion: hilly 
areas such as the Elk and Panoche hills and disjunct plains and valleys such as the Carrizo and 
Elkhorn plains and the Cuyama Valley. All are burrow-dwelling species and should benefit from 
prescribed fire applied at seasonally appropriate times, particularly early in the rainy season, when 
new growth will be facilitated. Mechanical treatments, on the other hand, have the potential to 
compact the soil and destroy burrows and should not be used in areas where burrowing species 
occur. 

In summary, VTP treatment in the San Joaquin Valley Bioregion will not be very extensive, and 
prescribed fire, applied appropriately, is expected to be beneficial to most wildlife. Mechanical 
treatments should be avoided in areas occupied by sensitive, fossorial species, which comprise the 
primary special-status taxa in the bioregion. 
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Table 5.5.2.7   
Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status Wildlife in 
the San Joaquin Valley Bioregion   

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatment 

Herbivory 

Blunt-nosed Leopard Lizard B SA N N 
Nelson’s Antelope Squirrel B SA N N 
San Joaquin Pocket Mouse B MA N N 
Giant Kangaroo Rat B SA N N 
San Joaquin Kit Fox B SA N N 

SA = Substantial Adverse, MA = Moderately Adverse, N = Negligible or Neutral, B = Beneficial. Adverse effects can be 
reduced to negligible with adherence to MMRs and checklist items. 

Substantial Adverse Effects 
Agriculture, urbanization, petroleum, mineral, and other developments have destroyed over 

95% of the San Joaquin Valley wildlands. All five of the special-status taxa selected for this analysis 
have had their populations drastically reduced due to human development and indiscriminate 
poisoning. Consequently, all but the San Joaquin pocket mouse are federally or state listed as 
threatened or endangered and so any negative effects on these species would be considered 
significant. All five of these selected taxa utilize burrows for shelter. Vehicles or heavy livestock may 
crush burrows or compact the soil making areas uninhabitable. Furthermore, many of these species 
require a particular proportion of vegetative cover mixed with open space. Removing too much or 
too little cover may increase the likelihood of a species being preyed upon, or reduce the availability 
of a critical food source. 

Moderately Adverse Effects 

See the section about Substantial Adverse Effects (above) as it includes a discussion of San 
Joaquin pocket mouse. 

Alternatives 

Alternatives 1 and 4 would reduce nearly all effects due to the VTP to negligible since so little of 
the landscape would be treated. However, in many grasslands or hardwood savannas where fire has 
been suppressed, grassland wildlife will continue to lose habitat where shrubs and trees encroach. 

Alternatives 2 and 3 would slightly increase the number of acres treated by fire, mechanical, 
and manual methods, but these increases are not substantial enough to cause effects to wildlife to 
differ from the proposed program. Herbicides – often used for maintaining previously treated areas 
and removing invasive exotic vegetation – would be reduced by these alternatives. Exotic plants are 
a major problem in the San Joaquin Valley where they may outcompete native vegetation after 
disturbances. Wildlife may suffer permanent habitat loss if exotics take over following vegetation 
treatments. 

CENTRAL COAST BIOREGION 

This bioregion contains very diverse habitats ranging from coastal dunes and maritime 
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chaparral to conifer forests and alkali scrub. Wildlife species that may be affected by the VTP in this 
bioregion are similarly diverse. Coastal habitats have been affected severely by development. 
Catastrophic fire is a major concern in chaparral and forest habitats. Agriculture and overgrazing 
have damaged interior hill and valley ecosystems. Vegetation types (“life forms”) that will be 
treated extensively in this bioregion are Conifer Forest and Hardwood Forest (prescribed fire); 
Desert Shrub, Desert Woodland, and Shrub (fire and mechanical treatments); Hardwood Woodland 
(fire, mechanical, manual, and herbicides); and Herbaceous (all treatment types). No more than 
0.7% of any one vegetation type will be treated annually. 

The 15 special-status taxa selected for analysis in this bioregion occur primarily in interior valley 
grassland and scrub, coastal shrub, and palustrine or lacustrine habitats. The interior species are 
mostly expected to benefit from seasonally appropriate burning but could be harmed by mechanical 
treatments that destroy burrows and compact soil. These species include the California tiger 
salamander, blunt-nosed leopard lizard (Gambelia sila), burrowing owl, Nelson’s antelope squirrel 
(Ammospermophilus nelsoni), giant kangaroo rat (Dipodomys ingens), Tulare grasshopper mouse 
(Onychomys torridus tularensis), San Joaquin kit fox, and badger. 

The coastal species are typically dependent on specific plants or other habitat elements that 
may be retained effectively only by manual treatment. Destruction of unprotected roost groves 
would have locally devastating impacts on the monarch butterfly. Smith’s blue (Euphilotes enoptes 
smithi) would benefit from treatments that enhance growth of its host plant, buckwheat, but 
clearing of vegetation for firebreaks has been cited as a threat. The black legless lizard (Anniella 
pulchra nigra) burrows in leaf litter and sandy soil under lupines and mock heather, which could be 
destroyed by fire, livestock, or heavy equipment. Conversely, legless lizards would benefit from the 
removal of invasive exotic plants such as ice plant (Carpobrotus edulis) and European beachgrass 
(Ammophila arenaria) and the restoration of native plant communities. 

Some of the water-associated species prefer dense cover that might be removed or degraded 
by treatment. The California red-legged frog needs dense, moist ground cover that may be removed 
by most treatment types. Cooper’s hawk (Accipiter cooperii) nests in dense riparian groves; 
understory thinning may make conditions unsuitable for it. 

In summary, VTP treatment in the Central Coast Bioregion will have mixed effects on wildlife, 
with the bulk of potential adverse effects resulting from mechanical treatments that remove or 
destroy specific essential habitat elements. Reintroduction of fire into fire-suppressed habitats will 
be mostly beneficial. 

 

 

 

 

 



Environmental Impact Analysis-Wildlife 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

  5.5- 61 

 

Table 5.5.2.8   
Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status Wildlife in 
the Central Coast Bioregion   

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatment 

Herbivory 

Monarch MA MA MA N 
Smith’s Blue SA SA N SA 
California Tiger Salamander SA SA N N 
California Red-legged Frog SA SA N SA 
Western Pond Turtle B B B B 
Blunt-nosed Leopard Lizard B SA N N 
Black Legless Lizard SA SA N N 
Cooper’s Hawk N MA MA N 
Prairie Falcon N N N N 
Burrowing Owl B MA B B 
Nelson’s Antelope Squirrel B SA N N 
Giant Kangaroo Rat B SA N N 
Tulare Grasshopper Mouse B SA N N 
San Joaquin Kit Fox B SA B B 
Badger B MA B B 

SA = Substantial Adverse, MA = Moderately Adverse, N = Negligible or Neutral, B = Beneficial. Adverse effects can be 
reduced to negligible with adherence to MMRs and checklist items. 

Substantial Adverse Effects 

See the Bay Area/Delta Bioregion section for a discussion of substantial adverse effects on the 
California tiger salamander and the California red-legged frog. 

See the San Joaquin Valley Bioregion section for a discussion of substantial adverse effects on 
the blunt-nosed leopard lizard, Nelson’s Antelope Squirrel, giant kangaroo rat, and San Joaquin kit 
fox. This discussion also applies to the Tulare grasshopper mouse which also inhabits burrows 
primarily in the San Joaquin Valley. 

The federally endangered Smith’s blue inhabits coastal sand dunes and coastal chaparral where 
their entire lives are spent in association with two species of buckwheat, Eriogonum parvifolium and 
E. latifolium. Habitat destruction and degradation have been caused by human development and 
invasive exotic plants. Treatments that kill large quantities of its host plant would have devastating 
effects on its population. 

The black legless lizard – actually a melanistic form of the California legless lizard – inhabits 
shrubby areas with sandy soil where it can easily burrow. It occurs primarily along the coast where 
its habitat has been destroyed by human development and invasive exotic plants. Treatments that 
remove native shrub cover or leaf litter where it occurs will have adverse effects on this lizard. 
Although this taxon is not officially listed, the CNDDB considers them to be endangered and further 
destruction of their habitat may cause them to drop from S2 to S1 status. 
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Moderately Adverse Effects 

See the Bay/Delta Bioregion section for a discussion of moderately adverse impacts to monarch 
butterfly. 

Cooper’s hawk (Accipiter cooperii) nests in dense riparian groves. Moderately adverse impacts 
may result from understory thinning which may alter this habitat type such that it becomes 
unsuitable for Cooper’s hawk. 

See the Sacramento Valley Bioregion section for a discussion of moderately adverse impact to 
burrowing owl. 

See the Sierra Bioregion section for a discussion of moderately adverse impacts on American 
Badger. 

Alternatives 

Alternative 1 would reduce most effects to negligible since so little of the landscape would be 
treated. However, considering the increased likelihood of catastrophic wildfire, wildlife may end up 
faring worse than their current situation when their habitat is completely destroyed. 

Alternative 2 would slightly increase the number of acres treated by fire, mechanical, and 
manual methods, but these increases are not substantial enough to cause effects to wildlife to differ 
from the proposed program. Herbicides – often used for maintaining previously treated areas and 
removing invasive exotic vegetation – would be reduced by these alternatives. Exotic plants are a 
major problem on the Central Coast where they often outcompete native vegetation after 
disturbances. Wildlife may suffer permanent habitat loss if exotics take over following vegetation 
treatments. 

Alternative 3 would reduce the potential for substantial adverse effects on California red-legged 
frog to negligible. It would not eliminate the potential for substantial adverse effects from 
prescribed fire on California tiger salamander. 

Alternative 4 would reduce effects due to prescribed fire to negligible since so little of the 
landscape would be treated with fire. Effects due to mechanical treatments would be greatly 
reduced, but could still cause problems for burrow-dwelling wildlife. 

MOJAVE BIOREGION 

Only a handful of VTP projects will occur in this bioregion. No vegetation type (“life form”) will 
be treated at more than 1,000 acres/year; however, at least 0.1%/year of four types will be treated 
annually: Hardwood Forest (primarily by prescribed fire and mechanical) and Conifer Forest, 
Hardwood Woodland, and Herbaceous (primarily by prescribed fire). Hardwood Forest and 
Hardwood Woodland in this bioregion are likely composed of cottonwood and oak. At lower 
elevations, these life forms may benefit from treatment where riparian areas or oak forest 
understories are choked by shrubs. At higher elevations, though, the fire-return intervals are longer 
(>30 years), which means that frequent treatments (<20 years) could reduce habitat quality for 
wildlife. Conifer Forest in the bioregion is composed of a mix of species that may benefit from 
treatments at lower elevations, but not at higher elevations. The Herbaceous life form is composed 
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of arid grasslands that have a short fire-return interval, so treatments may provide a benefit by 
removing encroaching shrubs. 

Four of the five special-status taxa selected for analysis in this bioregion occur in arid desert 
shrub and one occurs in conifer woodland. These life forms will not be treated extensively, and at a 
bioregion level all indirect effects should be negligible. Although desert bighorn sheep (Ovis 
canadensis nelsoni) typically inhabit rocky, barren areas – a habitat excluded from the VTP – males 
do select areas with vegetative cover in order to put on weight and obtain nutrients for growing 
their horns for the rut. However, considering how little vegetation will actually be treated and the 
large home range size of big horn sheep, indirect effects to this species will be negligible. The prairie 
falcon (Falco mexicanus) nests on cliffs, which will not be affected by treatments, and the few 
treatments conducted on its hunting grounds will not be extensive enough to have a significant 
effect on its food supply. The Mohave ground squirrel (Spermophilus mohavensis) resides in open 
desert shrub communities where they can dig burrows in friable soil. This species may benefit from 
treatments that reduce dense expansive shrublands and create a mosaic of shrubs and open area. In 
areas where the distribution of desert shrubs is already amenable to Mojave ground squirrels, 
treatments further reducing cover are likely to make this habitat unsuitable for them. American 
badger occurs in open desert shrub and herbaceous habitats where they hunt ground squirrels and 
other fossorial prey. Treatments in either habitat will have negligible effects on this species. The 
gray vireo (Vireo vicinior) occurs in the mountains of the Mojave Desert in open juniper woodland 
that is often mixed with sagebrush. This is another habitat that has a long fire-return interval and 
treatments in it are likely to have deleterious effects on gray vireo individuals; however, these 
effects will not be extensive enough to cause its population to decline within the bioregion. 

In summary, indirect effects of the VTP in the Mojave Bioregion are unlikely to benefit species 
that occur in desert habitats that have long fire-return intervals. However, considering how few 
treatments this bioregion will receive, program-level effects to these species should be negligible. 

Table 5.5.2.9 
Potential Indirect Effects at the Bioregion Level of the VTP on Selected Special-Status Wildlife 
in the South Coast Bioregion 

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatment 

Herbivory 

Prairie Falcon N N N N 
Gray Vireo N N N N 
American Badger N N N N 
Desert Bighorn Sheep N N N N 
Mojave Ground Squirrel N N N N 

N = Negligible or Neutral. Adverse effects can be reduced to negligible with adherence to MMRs and checklist items 

Alternatives 
None of the alternatives are expected to have more than negligible effects on wildlife in this 

bioregion. 

SOUTH COAST BIOREGION 
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Vegetation types (“life forms”) that will be treated extensively in this bioregion are Shrub (by all 
treatment types), Hardwood Woodland (primarily by prescribed fire and mechanical treatments), 
Herbaceous, and Desert Shrub (primarily by prescribed fire). Shrub environments in the South Coast 
typically have a fire-return interval of 20-80 years. These fires generally are large and consume 
much of the aboveground vegetation. Hardwood Woodland and Herbaceous environments have a 
similar fire regime except that the fireline tends to burn with less intensity and severity. Fires in 
these habitats generally burn through the understory, removing shrubs and encroaching conifers to 
leave a hardwood/savannah mosaic. Desert shrub has a longer fire-return interval than the other 
vegetation types. 

Four of the seven special-status taxa selected for discussion in this bioregion occur in the Shrub 
life form. Overall, responses to treatments that reduce shrub cover will vary depending on species. 
The California gnatcatcher (Polioptila californica californica) and Southern California rufous-
crowned Sparrow (Aimophila ruficeps canescens) are permanent residents of semi-open sage scrub 
habitats. These birds avoid dense, overgrown shrublands and so may benefit from treatments that 
create a better-proportioned mosaic of shrub mixed with open areas. Rufous-crowned sparrow 
populations increase in areas that have been recently disturbed by either fire or light grazing. 
However, gnatcatcher populations are likely to decline if shrub removal treatments result in a 
conversion of sage scrub to exotic grassland. The San Diego horned lizard (Phrynosoma coronatum 
(blainvillii pop.)) also requires a mosaic of shrubs mixed with open areas and may also benefit when 
dense shrublands are treated. However, native harvester ants, which are the main food item of 
horned lizards, are often displaced by exotic Argentine ants (Iridomyrmex humilis) when shrublands 
are fragmented by treatments in the WUI. Since horned lizards do not eat Argentine ants, horned 
lizard populations are likely to decline if treated shrublands allow Argentine ants to invade. The 
Belding’s orange-throated whiptail (Aspidoscelis hyperythra beldingi) occurs in semi-arid brushy 
areas but avoids open areas and habitats modified by humans. The populations of these lizards are 
likely to decline if their habitats are treated and may be further threatened if their primary food 
item, a single species of subterranean termite (Reticulitermes hesperus), is displaced by Argentine 
ants. 

The San Diego cactus wren (Campylorhynchus brunneicapillus sandiegensis) and the San Diego 
desert woodrat (Neotoma lepida intermedia) also occur in coastal sage scrub; however, a principal 
habitat element for both species is the presence of cactus. Since cacti require a long time to grow to 
a height sufficient to offer protection from predators and provide nesting structures, treatments in 
areas with cacti are likely to adversely affect populations of these two species. Furthermore, 
woodrat middens, which can be used by generations of woodrats, would likely be consumed by 
prescribed fire. 

Stephens’ kangaroo rat (Dipodomys stephensi) prefers areas of open grassland with a high 
proportion of prostrate forbs and abundant bare areas where it can burrow. Prescribed fire is an 
effective tool for improving this species’ habitat and for increasing its population. Light grazing may 
also be beneficial. Mechanical treatments that disturb the soil and may damage burrows are likely 
to have adverse direct effects on this species. 

In summary, indirect effects of the VTP in the South Coast Bioregion are likely to be positive for 
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species that occur in open habitats where exotic pest species are unlikely to invade. Since no more 
than 0.28% of any life form will be treated annually, bioregion-level effects are expected to be 
relatively minimal. 

Table 5.5.2.10 
Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status Wildlife in 
the South Coast Bioregion  

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatment 

Herbivory 

San Diego Horned Lizard N N N N 
Belding’s Orange-throated Whiptail SA SA SA SA 
San Diego Cactus Wren SA SA SA SA 
California Gnatcatcher N N N N 
Rufous-crowned Sparrow B B B B 
Stephens’ Kangaroo Rat B N N B 
San Diego Desert Woodrat MA MA MA MA 

SA = Substantial Adverse, MA = Moderately Adverse, N = Negligible or Neutral, B = Beneficial. Adverse effects can be 
reduced to negligible with adherence to MMRs and checklist items. 

Substantial Adverse Effects 
Belding’s orange-throated whiptail habitat has been reduced by as much as 75% by human 

development. This subspecies occurs in semi-open chaparral and coastal sage scrub environments, 
but avoids areas where all shrub cover has been removed. The presence of this lizard is often 
associated with alluvial fan scrub and streamside terraces where they can find sandy soil for digging. 
The termites that these lizards chiefly prey upon require some woody vegetation as their food base. 
Fuel reduction treatments that completely remove woody vegetation such as prescribed fire and 
mechanical treatments will be detrimental to this lizard. Although this taxon is not officially listed, 
the CNDDB considers them to be endangered and further destruction of their habitat may cause 
them to drop from S2 to S1 status. 

San Diego cactus wrens inhabit coastal sage scrub where prickly pear (Opuntia littoralis and O. 
oricola) or coastal cholla (O. prolifera) is the dominant component. Human development has 
reduced this coastal sage scrub habitat by as much as 90%, and in 1990, only 400 pairs of these 
wrens were estimated to still exist (Rea and Weaver 1990). These wrens require cactus cover of 25% 
to 65% of at least one meter in height in order to nest. Fire is the primary factor limiting cactus 
coverage in Southern California. Since it takes a long time for these cacti to grow to the necessary 
height, cactus wrens are slow to recolonize areas after a disturbance such as fire (Bontrager and 
others 1995). Although this taxon is not officially listed, the CNDDB considers their status to be rare 
to endangered and further destruction of their habitat may cause their status to drop from S3S2 to 
S2. 

Moderately Adverse Effects 

As discussed at the beginning of this section, San Diego desert woodrat occupies coastal sage 
scrub and an essential habitat element for the species is the presence of cacti which they use for 
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protection from predators and nest structures. Due to the length of time it takes for cacti to develop 
sufficient height to provide such structure, treatments that would remove cacti are likely to have an 
adverse impact.  

Further, woodrat middens which are also important habitat elements for the species that can 
be used by generations of woodrats are likely to be destroyed. 

Alternatives 

Alternative 1 would reduce nearly all effects to negligible since so little of the landscape would 
be treated. However, considering the increased likelihood of catastrophic wildfire, wildlife may end 
up faring worse than their current situation when their habitat is completely destroyed. 

Alternatives 2 and 3 would slightly increase the number of acres treated by fire, mechanical, 
and manual methods, but these increases are not substantial enough to cause effects to wildlife to 
differ from the proposed program. Herbicides – often used for maintaining previously treated areas 
and removing invasive exotic vegetation – would be reduced by these alternatives. Exotic plants are 
a major problem on the South Coast where they often outcompete native vegetation after 
disturbances. Wildlife may suffer permanent habitat loss if exotics take over following vegetation 
treatments. 

Alternative 4 would drastically reduce the number of acres treated by fire, mechanical, and 
herbicide, and double the number of manual acres treated. This alternative would cause fewer 
direct impacts to wildlife than the proposed program, but would increase the likelihood of 
catastrophic wildfire. 

COLORADO DESERT BIOREGION 

Vegetation types (“life forms”) that will be treated extensively in this bioregion are Desert 
Shrub and Shrub. The natural fire-return interval for desert shrub environments is extremely long, 
so vegetation treatments would likely reduce habitat suitability for species that occupy this 
vegetation type. However, since there are nearly five million acres of desert shrub in this bioregion, 
the 0.05% treated annually should not result in significant cumulative effects. On the other hand, 
Conifer Forest, Conifer Woodland, Desert Woodland, Hardwood Forest, Hardwood Woodland, and 
Shrub vegetation types will be treated extensively in terms of relative extent. Since Conifer Forest, 
Hardwood Forest, and Hardwood Woodland are limited in extent in the bioregion (< 10,000 acres), 
avoidance of cumulative effects on special-status taxa occurring within them is of particular 
importance. All of these vegetation types will be treated predominantly with prescribed fire; 
mechanical and manual treatments and herbicides also will be used widely in Conifer Forest, 
Hardwood Woodland, and Shrub as will mechanical treatments in Hardwood Forest. 

Four of the five special-status taxa selected for analysis in this bioregion occur in arid desert 
shrub and thus, could be adversely impacted by vegetation treatments. Desert bighorn sheep 
typically inhabit rocky, barren areas, a habitat excluded from the VTP; however, since males use 
areas with more vegetative cover than females in order to put on weight and obtain nutrients for 
growing their horns for the rut, males would likely be adversely affected by treatments designed to 
remove this critical shrub cover. Females, on the other hand, prefer more-open habitats where they 
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may easily spot potential predators and would likely benefit from a reduction in shrub cover. 
Although herbivory will not affect this bioregion extensively, domestic livestock have the potential 
to transmit disease to bighorn sheep, which could spread well beyond the project boundary. The 
pallid San Diego pocket mouse (Chaetodipus fallax pallidus) and red diamond rattlesnake (Crotalus 
ruber ruber) inhabit arid, rocky shrublands and their populations are likely to decline in areas where 
their habitat is treated. The prairie falcon nests on cliffs, which will not be affected by treatments, 
but treating desert shrublands may cause populations of ground squirrels – the falcon’s primary 
prey item – to fluctuate. 

Yellow-breasted chat (Icteria virens) breeds in dense, shrubby riparia and will be adversely 
affected by treatments where its preferred habitat currently exists. However, tamarisk is a 
persistent problem in the Colorado Desert where it takes over wetlands that may otherwise be used 
by chats. Treatments designed to reduce tamarisk may benefit chats by creating more riparian 
thickets. 

In summary, indirect effects of the VTP in the Colorado Desert Bioregion are likely to be 
negative for wildlife living in desert shrub and other arid shrub environments where the fire return-
interval is long. Treatments in healthy riparia will be detrimental to most wildlife currently residing 
there, whereas removal of exotic vegetation from wetlands will probably enhance habitat suitability 
for riparian obligates. 

Table 5.5.2.11 
Potential Indirect Effects of the VTP at the Bioregion Level on Selected Special-Status Wildlife in 
the Colorado Desert Bioregion 

 Prescribed 
fire 

Mechanical 
treatment 

Manual 
treatment 

Herbivory 

Red Diamond Rattlesnake MA N N N 
Prairie Falcon N N N N 
Yellow-breasted Chat N N N N 
Desert Bighorn Sheep N N N MA 
Pallid San Diego Pocket Mouse MA N N N 

MA = Moderately Adverse, N = Negligible or Neutral. Adverse effects can be reduced to negligible with adherence to 
MMRs and checklist items. 

Moderately Adverse Effects 

As described above, due to their preference for arid, rocky shrublands, red diamond rattlesnake 
and pallid San Diego pocket mouse are like to be adversely affected by prescribed fire that would 
consume this critical habitat.  

Male bighorn sheep are also likely to be adversely affected by herbivory treatments designed to 
remove critical shrub cover used as forage material to gain weight and obtain nutrients for the rut. 

Alternatives 

Alternative 1 would reduce all effects to negligible considering how little of the bioregion would 
be treated on an annual basis. 
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Alternatives 2 and 3 would have the same effects to wildlife as the proposed program. 

Alternative 4 would reduce effects due to prescribed fire to negligible, but the possibility of 
disease transmission from livestock to desert bighorn sheep would still exist. 

The program and alternatives, as they pertain to wildlife, will meet two of the goals established 
in Section 1.7 of the VTP. It is expected to maintain and enhance forest and range land resources, 
including forest health so as to benefit present and future generations and improve wildlife habitat. 

A crucial indicator of forest health is the diversity and condition of a system’s wildlife 
inhabitants. Under the proposed program, measures will be taken to ensure that adverse affects to 
wildlife species are avoided, thus maintaining this important element of forest health. 

Rangeland resources will also be maintained and enhanced by implementing herbivory as a 
treatment type wherever possible under the proposed program. 

Finally, treatments under the proposed program are expected to enhance forest and rangeland 
resources and improve wildlife habitat by reducing the risk of catastrophic wildfire, which is clearly 
to the detriment of both wildlife and livestock. Further, the reduction of stand- wildfire more closely 
resembles the conditions of the natural fire regime under which California’s wildlife have adapted, 
thus resulting in more positive than negative effects to wildlife within the treatment area and 
possibly beyond. 

Alternatives 2 and 3 would meet the goals of the VTP as they pertain to wildlife in the same 
ways as the Program. 

Alternative 4 would not meet the goals of the VTP as they pertain to wildlife. Although the 
detrimental effects to wildlife of treatment would be eliminated, the potential for catastrophic 
wildfire would remain and likely be more damaging to wildlife than would implementation of the 
program. Ultimately, the Program, including the Mitigation Measures already in place and any 
additional avoidance/mitigation measures that may result from further analyses at the project level, 
is expected to be more favorable to wildlife, livestock and overall forest health than Alternative 4. 

5.5.2.7 Determination of Significance 

It is assumed that the VTP will not be extensive enough in terms of the acreage treated each 
year, or damaging enough in terms of adverse alterations to natural vegetation types to be of any 
cumulative threat to populations of common wildlife species, though there will be direct and 
indirect effects to individuals. For the same reasons, significant cumulative effects to more common 
(non-endangered) sensitive species are also not anticipated. Although indirect or direct substantial 
adverse effects to sensitive species could potentially occur as a result of treatment under the VTP 
(such effects on endangered species may constitute substantial cumulative effects due to small 
population size), most of these potential effects can be avoided or minimized through adherence to 
the checklist and MMRs. Direct effects, by definition, are virtually never positive, however 
appropriate avoidance measures, including surveys where necessary, implemented at the project 
level will eliminate negative direct effects on special-status wildlife. Our analysis of indirect effects is 
limited to effects of conditions resulting from treatment; potential reduced risk of wildfire is not 
considered. 
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Specifically, implementation of the proposed program may have a substantial adverse effect on 
northern spotted owl as a result of direct impacts resulting from prescribed fire. Indirect impacts 
could result from a reduction in spatial heterogeneity in vegetation, a reduction in tree diversity 
(thus impacting the species’ prey base) and/or a reduction in canopy cover. Further, any of these 
effects could constitute a negative impact to northern spotted owl habitat, thus violating the federal 
ESA and resulting in a substantial adverse effect. As such, Mitigation Measure 5.5.2-1 will be 
implemented which will reduce this impact to a level of less than significant. 

Valley elderberry longhorn beetle may also suffer a substantial adverse effect as a result of 
implementing the proposed program as a consequence of both direct and indirect impacts 
associated with any loss of blue elderberry, the plant species that valley elderberry longhorn beetle 
is dependent upon for breeding. Such a loss would also violate the federal ESA. As such, Mitigation 
Measure 5.5.2-3 will be implemented which will reduce this impact to a level of less than significant. 

A potentially substantial adverse effect to San Joaquin kit fox may result from implementation 
of the proposed program as a result of both direct and indirect impacts associated with destruction 
of fox burrows and dens that may result from mechanical treatments in grassland habitats where 
San Joaquin kit fox occurs. Such habitat destruction would also violate both the federal and state 
ESA’s. As such, Mitigation Measure 5.5.2-4 will be implemented which will reduce this impact to a 
level of less than significant. 

Implementation of the proposed program may also have a substantial adverse effect on 
California tiger salamander as a result of both direct and indirect impacts potentially resulting from 
treatments that destroy burrows or surface cover in suitable habitat for the species, thus also 
violating the federal ESA. As such, Mitigation Measure 5.5.2-5 will be implemented which will 
reduce this impact to a level of less than significant. 

California red-legged frog may be adversely affected as a result of implementing the proposed 
program due to direct and indirect impacts associated with fuel reduction treatments in areas with 
dense vegetation and deep leaf litter in riparian zones (critical habitat elements for California red-
legged frog). Should this occur; a violation of the federal ESA would also result. As such, Mitigation 
Measure 5.5.2-7 will be implemented which will reduce this impact to a level of less than significant. 

Implementation of the proposed program may have a substantial adverse effect on burrow-
dwelling special status taxa as a result of direct and indirect impacts associated with the potential 
for vehicles or heavy livestock to crush burrows or compact the soil, rendering the area 
uninhabitable. This would also result in the violation of both the state and federal ESA’s. As such, 
Mitigation Measure 5.5.2-8 will be implemented which will reduce this impact to a level of less than 
significant. 

A number of special-status taxa considered herein may suffer an adverse effect as a result of 
treatments conducted during certain times of the year when these species are particularly 
vulnerable to such impacts. Treatments with the potential to adversely impact special-status taxa, if 
conducted at a seasonally inappropriate time, may result in both direct and indirect impacts and/or 
violation of the state and/or federal ESA’s. As such, Mitigation Measure 5.5.2-10 will be 
implemented which will reduce this impact to a level of less than significant. 
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Implementation of the proposed program may have a substantial adverse effect on Smith’s 
blue as a result of direct and indirect impacts resulting from removal of buckwheat, which Smith’s 
blue occurs in association with, as a result of treatment as well as a violation of the federal ESA. As 
such, Mitigation Measure 5.5.2-11 will be implemented which will reduce this impact to a level of 
less than significant. 

Black legless lizard may suffer an adverse effect as a result of implementing the proposed 
program due to both direct and indirect impacts associated with removal of native shrub cover or 
leaf litter where black legless lizard occurs. As such, Mitigation Measure 5.5.2-12 will be 
implemented which will reduce this impact to a level of less than significant. 

5.5.2.8 Similar Effects Described Elsewhere 

Other species that inhabit the riparian zone or make use of aquatic ecosystems are included in 
Aquatics (Section 5.5.1). 

5.5.2.9 Mitigation Measures for the Proposed Project 

The following Mitigation Measures have been developed to reduce potentially significant 
impacts to impacts that are less significant: 

Mitigation Measure 5.5.2-1. Overstory canopy cover shall not be reduced within occupied northern 
spotted owl territories within the project area.  

Mitigation Measure 5.5.2-3. In areas where vegetation that provides critical habitat for special 
status taxa (such as valley elderberry in longhorn beetle habitat) occur, only hand (manual) 
treatments shall be used. Crewmembers shall be trained to recognize and avoid vegetation of 
particular concern where it occurs. Treatments shall focus on invasive plants that may inhibit 
establishment and growth of such species where it has been deemed appropriate by a biologist, 
botanist or agency personnel. 

Mitigation Measure 5.5.2-4. Mechanical treatments shall not be used where special status 
burrowing species (for example, San Joaquin kit fox), or those for which burrows are a critical 
habitat element, are known or likely to occur unless extensive burrow surveys are carried out in the 
treatment area immediately prior to treatment and no-treatment buffers are established around 
any burrows that are found.  

Mitigation Measure 5.5.2-5. In areas where special status terrestrial amphibians such as 
salamanders are known or likely to occur, prescribed fire shall be monitored closely post project to 
determine if burned cover objects should be replaced. New unburned cover objects shall be 
introduced at a one-to-one rate (or higher) to replace unsuitable burned cover objects and to 
enhance habitat quality for salamanders. 

Mitigation Measure 5.5.2-7. Mechanical and prescribed fire treatments shall not be used in riparian 
zones bordering aquatic sites known or suspected to be in use by special status amphibians (for 
example, California red-legged frog). 

Mitigation Measure 5.5.2-8. Where burrow-dwelling special-status taxa are found to be present, 
mechanical treatments and heavy livestock (e.g., cattle) shall not be used. 
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Mitigation Measure 5.5.2-10. Treatments shall be conducted at the seasonally appropriate time to 
minimize impacts to special-status taxa. 

Mitigation Measure 5.5.2-11. Treatments shall not remove essential habitat elements of special 
status taxa know or likely to occur in the area (for example, buckwheat in Smith’s blue habitat). 

Mitigation Measure 5.5.2-12. Where appropriate, as determined by a biologist or agency 
personnel, treatments occurring in areas where invasive species are a detriment to special status 
taxa, removal of invasives and retention of native species will be emphasized (for example, 
treatments in black legless lizard habitat). 



 
California Department of Forestry and Fire Protection 5.5-72 
Vegetation Treatment Program 
Draft Environmental Impact Report 
 

5.5.3 Vegetation 

This section summarizes the impacts to botanical resources due to implementing either the 
Proposed Program or any of the alternatives.  

5.5.3.1   Significance Criteria 
Appendix G of the CEQA Guidelines, the CEQA Environmental Checklist poses the following 
questions to be considered in determining whether the program/alternatives would cause 
significant impacts to botanical resources: 

Would the program: 

a) Have an adverse effect, either directly or through habitat modifications, on any species 
identified as a candidate, sensitive, or special status plant species or any of its lifeforms in 
local or regional plans, policies, or regulations, or by the California Department of Fish and 
Game or U.S. Fish and Wildlife Service? 

b) Have an adverse effect on any riparian habitat or other sensitive natural community 
identified in local or regional plans, policies, and regulations or by the California Department 
of Fish and Game or US Fish and Wildlife Service? 

c) Have a substantial adverse effect on federally protected wetlands, as defined by Section 404 
of the Clean Water Act (including, but not limited to, marsh, vernal pool coastal, etc.), 
through direct removal, filling, hydrological interruption, or other means; 

d) Conflict with any local policies or ordinances protecting biological resources, such as a tree 
preservation policy or ordinance? 

e) Conflict with the provisions of an adopted Habitat Conservation Plan, Natural Conservation 
Community Plan, or other approved local, regional, or state habitat conservation plan? 

Under the Federal Endangered Species Act, activities may not result in the take, direct or 
indirect, of a listed species. Direct take involves the killing of a listed plant or animal. Indirect take 
includes the alteration of habitat, harassment and any other activity that may contribute to the 
reduction in numbers of a listed species.  

5.5.3.2   Determination Threshold 
For the purpose of this PEIR, the following thresholds are used to determine whether there is a 

substantial adverse effect to botanical resources as a result of implementation of treatments under 
the Program or any of the Alternatives. A significant effect occurs when there is a: 

a) Threat to eliminate a plant community. 
b) Violation of any state or federal wildlife protection law or 
c) Contribution directly (through immediate mortality) or indirectly (through reduced 

productivity, survivorship, genetic diversity, or environmental carrying capacity) to a 
substantial, long-term reduction in the viability of any native species or subspecies at the 
state level. 

5.5.3.3   Data and Assumptions 
Section 4.5.3 provides the context for describing the potential impacts of implementing the 

Proposed Program or Alternatives on botanical resources and their associated habitats by describing 
the extent and location of the WHR vegetation types within the State of California. The Proposed 
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Program potential treatment acreage by bioregion is described in Tables 5.0.1, 5.0.4, and 5.0.5. 
Following these tables is a description of how potential treatments were allocated across the 
landscape for analysis purposes to create the affected landscape. This affected landscape of treated 
area by WHR lifeform and bioregion is the result of a GIS landscape analysis and modeling exercise 
that applied potential treatments to watersheds across the state. 

In order to determine the acreage potentially treated in each WHR habitat type by treatment 
type and bioregion, which forms the basis of analysis in this subchapter, the proportional 
distribution of treatment types in each bioregion from the footnote in Table 2.4 was applied to the 
affected landscape to develop the % of Habitat Treated Tables 5.5.3.2 through 5.5.3.11. 

Impacts to botanical resources were further analyzed by examining special status plants and 
communities listed in the BIOS database for each bioregion. “BIOS is a system designed to enable 
the management, visualization, and analysis of biogeographic data collected by the Department of 
Fish and Game and its Partner Organizations. In addition, BIOS facilitates the sharing of those data 
within the BIOS community. BIOS integrates GIS, relational database management, and ESRI's 
ArcIMS technology to create a statewide, integrated information management tool that can be used 
on any computer with access to the Internet (CDF&G website)” (see Section 5.5 Introduction for a 
further explanation of BIOS as it relates to CNDDB). Minimum Management Requirement #5 
requires VTP applicants to use the most appropriate databases for biological information, including 
but not limited to CNDDB or BIOS, to check for occurrences of special status plants in their project 
area and provide this scoping information to the wildlife agencies. Therefore BIOS was used to get a 
sample of plants or communities to disclose in this EIR and determine whether any potential for 
significant adverse impacts to populations of the most common listed species could occur at the 
programmatic level.  

Since it was not feasible to analyze every species in the BIOS database, it was decided to choose 
the ones that were most likely to be affected by VTP treatments. This was done by selecting species 
with the most element occurrences weighted by their location in the landscape. This is further 
explained in the Special Status Plants and Communities section later in this subchapter.  

Oak Woodlands 
Oak Woodlands cover approximately 10 million acres in California. About half of this acreage 

occurs in the foothills of the Sierra Nevada and North Coast/Klamath bioregions (Table 5.5.3.22). 
Oak woodlands in California have evolved in a Mediterranean climate where the dry summer 
seasons create typical fire return intervals of 30-50 years (McCreary, 2004). However, as with other 
vegetation types in the state, fire suppression activities have interrupted this cycle for most of the 
20th century. Prior to fire suppression, frequent low-intensity fires initiated by American Indians or 
lightning burned through woodlands, killing understory brush and small trees and favoring retention 
of large diameter overstory trees (McCreary, 2004). Oak woodlands are the most biologically 
diverse habitat type in California, home to over 300 vertebrate wildlife species (Merelander and 
Crawford, 1998). 

Blue oak (Quercus douglasii) is California’s dominant oak species, representing more than one 
third of the state’s oak woodlands. Live oaks (Q. chrysolepsis, Q. wislizenii, Q. agrifola) comprise 
another third of California’s oak woodlands. However, on California’s oak forestlands (as opposed to 
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woodlands, and not analyzed in this section) tanoak (Lithocarpus densiflorus), black oak (Q. 
kelloggii) and canyon live oak (Q. chrysolepsis) account for 80 percent of the hardwoods (Gaman 
and Firman, 2006). 

The most immediate and direct threat to oak woodlands is conversion to other uses. Since 1945 
the extent of oak woodlands has decreased by 1.2 million acres (Bolsinger, 1988). Between 1945 
and the early 1970’s the primary reason for loss of woodlands was conversion to rangelands, but 
since then commercial and residential development has become the primary source of conversion 
(Bolsinger, 1988; Spero, 2002). More recently, conversion of oak woodlands to vineyards has also 
become a major impact (Merelander and Crawford, 1998). An additional 750,000 acres of oak 
woodlands are at risk of conversion before 2040 (Gaman and Firman, 2006). 

A less immediate, but more widespread threat to the majority of oak woodlands, is lack of 
adequate oak regeneration. Regeneration of coast live oak and blue oak is sparse; and nearly non-
existent for valley oak (Q. lobata) (Bolsinger, 1988). However, seedlings and saplings are abundant 
in canyon live oak stands and moderately abundant in interior live oak, black oak and white oak 
stands (Bolsinger, 1988). Altered fire regimes, grazing pressure from livestock, suppression by 
woody plants and invasion of European weedy annual grasses are considered to be likely culprits for 
poor regeneration (CalPIF, 2002; Swiecki et al., 1997).  

In the North Coast Range of California (Sonoma, Mendocino, Humboldt and Del Norte Counties) 
invasion of Douglas-fir (Pseudotsuga menziesii) into Northern Oak Woodlands presents a threat to 
the continued dominance of Quercus species in these stands (Barnhart et al., 1996). Encroachment 
of Douglas-fir into these relatively mesic (wet) oak woodlands is the result of fire suppression since 
the early 1900’s (Barnhart et al., 1996 and others). Prior to fire suppression, frequent low intensity 
fires killed most Douglas-fir regeneration before it grew large enough to become fire resistant. In 
the absence of fire or other controls on Douglas-fir regeneration in Northern Oak Woodlands it is 
likely that many of these stands will eventually convert to mixed evergreen forest, rather than oak 
dominated woodlands. 

VTP treatments in oak woodlands have the goal of improving rangeland conditions for cattle, 
decreasing fuel loads, and controlling invasive or encroaching plant species. The annual acreage of 
oak woodlands likely to be treated by treatment type for each bioregion is presented for the 
Proposed Program in Table 5.5.3.22 (below). The acreages presented are modeled estimates of how 
the VTP is likely to be carried out in the future, not set targets for the Program (see Chapter 5.0 for 
background). 

Sudden Oak Death 
According to the SuddenOakDeath.org website:  

“Phytophthora ramorum is the cause of both Sudden Oak Death (SOD), a forest disease 
that has resulted in widespread dieback of several tree species in California and Oregon 
forests, and Ramorum blight, which affects the leaves and twigs of numerous other plants in 
forests and nurseries. 

Since the mid 1990s, P. ramorum has caused substantial mortality in tanoak trees and 
several oak tree species (coast live oak, California black oak, Shreve oak, and canyon live 
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oak), as well as twig and foliar diseases in numerous other plant species, including California 
bay laurel, Douglas-fir, and coast redwood. 

P. ramorum thrives in cool, wet climates. In California, coastal evergreen forests and 
tanoak/redwood forests within the fog belt are the primary habitat. Research in California 
forests has shown that the greatest predictor of P. ramorum is the presence of California bay 
laurel (Umbellularia californica).” 

SOD has been found in the Klamath/North Coast, Bay Area/Delta and Central Coast bioregions. 
In California, the pathogen is found from Monterey to Humboldt Counties, in redwood/tanoak and 
coastal evergreen forests. The disease is widespread in Marin, Sonoma, and Santa Cruz Counties, 
and in the Big Sur area of Monterey County. The infestations are concentrated in urban/wildland 
interface areas, but some portions of wildlands are heavily affected. As of October 2011, infected 
counties include Alameda, Contra Costa, Humboldt, Lake, Marin, Mendocino, Monterey, Napa, San 
Francisco, Santa Clara, Santa Cruz, San Mateo, Solano, Sonoma, and Curry County, Oregon. There is 
a state and federal quarantine preventing transport of infected materials from the infected 14 
California counties (Zone of Infection or ZOI) to areas outside the infected counties. 

5.5.3.4    Direct Effects Common to all Bioregions From Implementing the Program/Alternatives  

Effects of prescribed fire, mechanical, hand and herbivory treatments are discussed in this 
section- effects due to herbicides are discussed in Section 5.17. 

Plant communities to be treated under the VTP have been subject to fire for centuries. It has 
been the primary disturbance regime in most California ecosystems, and many plant species have 
evolved in the presence of recurrent fires. As a result, many plant species reproduce most 
successfully following fire, which makes their continued success and abundance dependent on fire. 
To the extent that VTP treatments mimic the natural disturbance patterns of the vegetation type to 
which they are applied, it is reasonable to expect the long-term impacts of treatments to be 
beneficial. However, at the individual project level, there is always the possibility of killing or 
damaging individuals of a species during treatment implementation. In many cases, the treatments 
in non-forested vegetation types will return all or a portion of the treated area to an early 
successional stage, killing off disturbance intolerant species, and freeing up resources such as light 
and nutrients for early successional species, such as perennial grasses and forbs (USDI BLM 
Programmatic ER, 2005).  

In order to avoid direct take of individual special status plant taxa, MMR 5 will apply to each 
project ensuring that local CDF&G biologists and/or USFWS will have the opportunity to provide a 
site-specific evaluation and mitigation measures. At the programmatic scale the question for this EIR 
is whether or not the habitats of common natural communities and special status plants and 
communities are negatively impacted over the long-term? This can be determined by first analyzing 
the direct effects of the treatments from an individual project and then by expanding these effects 
to the bioregional scale to determine the proportion of the habitat types to be affected per decade. 
In order for an effect to be considered significant at the bioregional level, the species in question 
would have to be impacted enough to meet one of the Determination Thresholds stated above. The 
amount of habitat that would have to be adversely modified to cause a substantial adverse effect 
has not been scientifically determined for most species and is likely unknowable until the threshold 
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has been crossed and the species is in jeopardy. However, professional judgment resulting from 
several years researching and writing this EIR leads to a habitat treatment limit in the range of 10-
20% over a 10-year period (the threshold of significance). 

Prescribed Fire 
All of the common natural communities that might be treated under the proposed VTP have 

evolved under some degree of natural or human-induced fire. The Proposed Program will 
reintroduce fire into communities where fire has been excluded through past suppression or control 
efforts.  Generally, prescribed fire is believed to benefit the overall health of fire adapted 
ecosystems (McKelvey et al., 1996). The reintroduction of a simulated natural fire regime will help 
maintain structural and species diversity, benefiting the overall habitat value of the community for 
plants and wildlife. When conducted at the appropriate time, prescribed fire can open up densely 
vegetated areas, encourage growth of suppressed species, contribute to nutrient cycling, increase 
species diversity, and increase the diversity of the vegetation’s age structure. 

The following list includes some adaptations to fire and examples of native California species 
that exhibit these adaptations (adapted from Biswell, 1989): 

• Thick bark—ponderosa pine; 
• Corky bark, which is a poor conductor of heat energy—Douglas-fir and white-fir; 
• Epicormic branching (i.e., trunk and stem sprouts)—coast redwood; 
• Basal sprouting—oaks; 
• Serotinous cones, which drop seeds only when heated sufficiently—knobcone pine, 

Monterey pine, and some cypresses; 
• Stump sprouting after fire—chamise and some manzanitas; 
• New shoots from underground rhizomes—yerba santa; 
• Seeds that can remain dormant for many years until heat of fire enables them to 

germinate—species of manzanita, flannelbush, and ceanothus; 
• Location of growing points at or below ground level—some perennial grasses; and 
• Sprouting from buried corms or bulbs—some perennial members of the lily family. 

However, implementation of prescribed burn treatments could result in an alteration of the 
natural fire regime. Changes in burning patterns which affect the timing, intensity, frequency, or size 
of fires on the landscape could potentially have significant adverse effects to plants. 

The responses of plants to fire can be divided into two broad categories – stimulated by fire or 
not stimulated by fire. “Fire-stimulated plants are further divided into fire-dependent and fire-
enhanced categories, while plants not stimulated by fire are either fire-neutral or fire-inhibited. Fire 
dependent responses occur only with fire, such as seed germination requiring heat, smoke, or 
chemicals from charcoal. Fire-enhanced responses (e.g. sprouting) are those that are increased by 
fire but that also occur from other types of damage to the plant.” (Fites-Kaufman et al., 2006)   

Prescribed fires generally leave exposed bare mineral soil that is favorable to seedling 
establishment of fire-stimulated plants. Prescribed fire treatments that simulate the natural fire 
regime will cause the mortality of some individual plants; however, most woody plants and species 
with adaptations to fire will persist and the overall vegetative characteristic of the community will 
be maintained.  
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Prescribed fire treatments that do not mimic the natural regime may adversely affect the 
reproductive capability or viability of a natural community. The response of a plant community to 
fire is determined by the fire-response categories of its constituent plant species. The season of the 
burn can affect plants at a sensitive stage of development and may reduce seed production and 
recruitment that year. For example, each plant species in a community responds differently to the 
seasonal timing of prescribed burns or wildfires. Chamise (Adenostema fasciculatum) and red shank 
(Adenostema sparsifolium) are 2 shrub species commonly found in chaparral communities and they 
have different patterns of growth, flowering, and fruiting. This leads to early spring fires causing 
greater mortality in chamise than red shank and a potential shift in the species composition of that 
community. (Fites-Kaufman et al., 2006)    

The spatial pattern of the burn or other treatment also affects the plant population response. 
Patterns of intensity and severity range from variable and complex to continuous and uniform. “At 
one extreme, a fire with uniform intensity will have uniform effects, either positive or negative, on 
the survival, age-class distribution, abundance, and distribution of individuals in a population. At the 
other extreme, a complex fire, with variable intensity, will have varied effects on a plant population 
within the area burned. Crown fires tend to be more uniform, whereas surface fires more complex.”  
(Fites-Kaufman et al., 2006, p.108) 

In addition, the existing distribution of individuals of a species – endemic, patchy, or continuous 
– greatly affects how the plant population responds to an individual fire event. Even fire neutral and 
fire-inhibited species can fare well if their distribution is continuous. This is particularly true if the 
spatial pattern of the burn is variable and complex as is more typical in an understory burn than a 
crown fire. (Fites-Kaufman et al., 2006) 

Burn intensity is also an important factor in how a plant community responds to fire. “High-
Intensity fires can often lead to plant communities with lower diversity and increased dominance of 
a few species.” (Fites-Kaufman et al., 2006) This occurs by favoring species, which are fire-
stimulated in reproduction and establishment, such as chamise. Under the program, these effects 
would only be expected under prescribed fire in the herbaceous and shrub types where burn 
intensity is similar to a wildfire (see the wildfire discussion in Section 5.2.). 

Large burns have a greater chance of negatively affecting a plant population than small burns 
due to the potential of large burns to interrupt seed dispersal mechanisms (Fites-Kaufman et al., 
2006). This fact makes wildfires have potentially much greater impact on plant populations than 
prescribed burns. Over the past 8 years 97.6% of the total acreage burned in wildfires was the result 
of fires greater than 300 acres. On the other hand, the average VTP project size of 260 acres is small 
in comparison to most wildfires, which often exceed 10,000 acres. Therefore VTP projects are 
unlikely to eliminate a sub-population, of even a fire-inhibited species, and prevent re-colonization 
of the area. 

A change in the fire frequency in a community through either fire suppression or prescribed 
burning may change the species composition, spatial structure, nutrient cycling, and canopy 
structure of the community. For example, fire suppression in the 20th century has affected the 
ecological processes, spatial patterns, and species composition in some communities (Chang, 1996). 
In some cases, fire-inhibited species such as white fir (Abies concolor) are now dominant trees in 
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forest stands that were historically dominated by fire-tolerant species such as ponderosa pine (Pinus 
ponderosa). This has significantly altered the spatial structure of these forests from a canopy of 
large trees with an open understory into dense thickets of young growth occupying the understory. 

As described in Chapter 5, the changes in vegetative and ground cover from prescribed burning 
in surface/mixed fire regime habitat types are expected to be less than the impacts in habitats with 
a crown fire regime. Habitats with more than one canopy layer generally experience less intense 
fires than chaparral and grassland communities (see Table 5.0.2). In general, vegetation types with 
multiple canopy layers and vertical diversity, such as conifer and hardwood forests, are adapted to a 
high frequency/low intensity surface/mixed fire regime, and vegetation treatments tend to mimic 
this effect by focusing on understory treatments. Prescribed burning in the understory is generally 
low intensity with a patchy distribution making it very unlikely to have a significant long-term 
impact on even small populations of common plants or special status plants and communities.  

On the other hand, grasslands and chaparral are adapted to a low frequency/high intensity 
crown fire regime. Many chaparral species germinate much better after stimulated by fire such as 
sugar bush (Rhus ovata), sumac (Malosma laurina), chamise, manzanita (Arctostaphylos spp), yerba 
santa (Eriodictyon spp.), and ceanothus (Ceanothus spp.) (CAL FIRE, 1981). “In general, there is a 
high proportion of species with fire-stimulated and fire-dependent germination (e.g. desert 
ceanothus) and species with strong fire response sprouting (e.g., chamise) in plant communities and 
bioregions with shrub crown fire regimes, such as chaparral in the Central Coast and South Coast 
Bioregions.” (Fites-Kaufman et al., 2006)  In these types VTP prescribed burning treatments have 
similar intensity and pattern as the natural fire regime, but they may be implemented more 
frequently than the plant community is naturally adapted to. One of the most significant areas of 
concern at the programmatic (state-wide) level is the potential effect of burning too often in the 
chaparral habitat type. The non-sprouting species may be eliminated from a stand by fires occurring 
at such short intervals that the seedlings germinating after the first fire do not have time to produce 
a crop of seed before the next fire (CAL FIRE, 1981).  

The conventional wisdom used to be that chaparral types naturally burned every 10-15 years, 
and under the CMP it has been common to reburn chaparral types to maintain grazing lands at least 
this frequently. However, research published in the last 10 years indicates that the natural fire 
return interval in most chaparral types is much longer than previously thought. Keeley states that 
“historical records suggest a pre-suppression model of burning in chaparral landscapes of many 
modest-sized summer lightning-ignited fires that burned a relatively small portion of the landscape, 
punctuated one to two times a century by massive autumn Santa Ana wind-driven fires (Keeley, 
2006, p.359).”  This is also supported by the historical record of infrequent and large Santa Ana fires 
as well as the life history characteristics of many dominant woody species in chaparral that are 
favored by long fire-free intervals and inhibited by fire return intervals of a decade or less (Keeley, 
2006).  

Wildfires have resulted in vegetation type conversions where aggressive exotics were present 
prior to the fire and dominated the site after fire. Sagebrush (Artemisia spp.), low sage (Artemisia 
arbuscula), bitterbrush (Purshia tridentata), juniper (Juniperus spp.), and pinyon-juniper vegetation 
types are particularly susceptible to type conversion if cheatgrass or medusa-head are well 
established in them. Type conversion is most likely when a high severity fire completely consumes 
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the existing dominant vegetation (Billings, 1994; Peters and Bunting, 1994, Rasmussen, 1994). The 
aggressive nature of cheatgrass and medusa-head puts the native shrubs and trees at a competitive 
disadvantage, preventing them from successfully reestablishing (Billings, 1994; Monsen, 1994). 
Because of the widespread occurrence of cheatgrass in these community types, the potential exists 
for accidental type conversion. Therefore, treatment with prescribed fire in these community types 
could potentially have a substantial adverse effect, so a mitigation measure is included below to 
reduce the impact to less than significant.  

In summary, habitat types in the VTP program and the plants within them generally are 
adapted to some pattern of wildfires. The main difference between wildfire and prescribed fire is 
the ability to control important parameters of the burn including the season, the size and the 
frequency. The potential for substantial adverse effects from prescribed fire are most likely to occur 
in the conifer and hardwood woodland, herbaceous and shrub habitat types due to problems with 
invasives, impacts to regeneration, burn intensity, canopy removal and burn frequency. The 
mitigation measures at the end of this sub-chapter are designed to reduce the potential impact to 
less than significant. Also, in most bioregions the small proportion of the lifeform being treated, as 
explained below, makes any long-term effects to plant communities and special status plant taxa 
highly unlikely. 

Mechanical 
Mechanical treatment involves the use of vehicles such as masticators, wheeled tractors, 

crawler-type tractors, or specially designed vehicles with attached implements designed to cut, 
uproot, or chop existing vegetation. The selection of a particular mechanical method is based upon 
access, and equipments availability, as well as characteristics of the vegetation, seedbed 
preparation and re-vegetation needs, topography and terrain, soil characteristics, and climatic 
conditions (Chapter 2).  

Treatment by mechanical clearing of common natural communities will directly affect these 
communities through the removal or disturbance of natural vegetation, resulting in reduced cover 
in some areas. See Table 5.0.3 for a summary of the impacts from mechanical treatments.  

Mechanical treatments will be applied to substantially fewer acres than will prescribed burns. 
In grasslands and shrublands, the construction of shaded fuelbreaks by disking, mowing, or 
mastication are examples of mechanical treatments. The majority of all vegetative cover would be 
removed when mechanically treating herbaceous or shrub habitat types, creating the potential for 
adverse effects to plant resources. The level of impacts will be proportional to the acres treated. 

In areas of forested vegetation, mechanical fuels reduction will focus on removing ladder fuels 
formed by smaller trees and shrubs while maintaining large overstory trees. The reduction in 
ground level and mid-canopy vegetation may result in a change in species composition of 
groundcover where small trees (less than 10 inches dbh) and shrubs make a substantial contribution 
to canopy cover. Treatments that leave substantial amounts of litter and slash on the ground can 
inhibit establishment and growth of many herbaceous species – especially those that are fire-
stimulated. 

Mastication treatments in particular sometimes generate heavy loadings of woody fuel on the 
ground, which may inhibit the germination and establishment of shrubs, but also reduces richness 
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of native understory species. Mastication of surface and ladder fuels results in a short to medium 
term increase in fire severity potential. In a recent mastication effects study, fuel treatments where 
the masticated material was partially removed by incorporation into the soil or prescribed burning, 
resulted in greater understory species establishment, but also resulted in higher abundance of fire-
stimulated shrubs (Kane et al., In Press). If prescribed fire were planned to follow mastication, then 
the potential for colonization by exotic species would be high due to the more severe burn that 
would result (Bradley et al., 2006). Severe burns consume a much greater portion of the native 
vegetation increasing recovery time and creating opportunity for invasive species if they exist 
nearby. Research shows that time since fire is the most critical factor in alien invasion and 
colonization. Apparently, it is the closed canopy of pre-fire shrublands that reduces alien 
populations and thus limits the alien seed bank present at the time of fire (Bradley et al., 2006).  

In summary, mechanical treatments have the potential for direct adverse effects in all lifeforms 
since there is no comparable natural disturbance to which individual plants or communities have 
adapted over time, and because of the high level of disturbance to canopy cover and the soil layer. 
Whether these adverse effects are significant at the program level depends on the proportion of a 
lifeform treated and the geographic distribution of the treatments. These are evaluated in the next 
section. 

Hand Treatments 
Treatment of common natural communities by hand clearing will directly affect these 

communities through the removal or disturbance of natural vegetation, resulting in reduced overall 
cover or greatly reduced understory with no impact to the canopy. Manual techniques can be used 
in many areas with minimal environmental impacts. Although they have limited value for weed 
control over a large area, manual techniques can be highly selective. Manual treatment can be used 
in sensitive habitats such as riparian areas, areas where burning or herbicide application would not 
be appropriate, and areas that are inaccessible to ground vehicles (USDI BLM, 1991a). Because of 
the expense of these treatments, hand clearing will be used on a limited basis. Hand treatments in 
areas with special status plants and communities will be limited to small areas scattered throughout 
the state.  

Because of the lack of heavy equipment and the greater control workers have in implementing 
hand treatments, there is little chance of adverse effects from these treatments as long as the 
MMRs are complied with. 

Herbivory  
Herbivory is a natural process that has influenced the evolution of plants for millennia. Along 

with fire, it was the first vegetation management tool ever applied by humans. Herbivory, or 
grazing, is a constant influence on all natural plant communities. Every plant species varies in its 
ability to survive and prosper in a grazed ecosystem. Most established plants are not killed with a 
single grazing event that removes its foliage, flowers, and stems. Rather, plants have evolved 
mechanisms that reduce their likelihood of being grazed or promote their regrowth after grazing. 
(Hendrickson & Olsen, 2006) 

The effects of grazing on individual plants can be difficult to predict because plants grow in 
complex ecosystems that are subject to seasonal and yearly fluctuations in weather and natural 
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disturbances. Plants differ in their ability to tolerate or compensate for grazing. The ability of a plant 
to regrow after grazing depends on its age and physiological condition, stage of development, and 
carbohydrate allocation patterns. In addition, competition with other plants for space, soil 
nutrients, and water can influence how a plant responds to grazing (Hendrickson & Olsen, 2006). 

A plant’s ability to recover after grazing depends largely on its ability to reestablish leaves and 
renew photosynthesis. Plants tolerant of grazing generally have an abundant supply of viable 
meristems or buds that can be quickly activated to initiate regrowth if water and nutrients are 
available (Hendrickson & Olsen, 2006). 

Grasses are different from forbs and shrubs in how they respond to grazing because of where 
their growing points or meristems are located. Grasses maintain apical and axillary buds near the 
base of the plant until flowering is initiated. 

On the other hand, forbs and shrubs have axillary buds all along the stem and apical buds at the 
tips of branches. These meristems are readily available to herbivores and can be removed 
throughout the plant’s life. Some forbs and shrubs have numerous growing points in the root crown 
at the base of the plant that can produce new shoots or underground runners called rhizomes. 
Shrubs and rhizomatous herbs would not be affected by short-term grazing since the plants would 
only be knocked back rather than killed. 

Plant phenology, or how plants grow through the season, should be considered when using 
grazing to manage vegetation. A plant’s growth stage will determine how it responds to grazing. For 
example, most grasses and forbs tolerate early-season grazing, a time when soil moisture and 
nutrients needed for regrowth are abundant (Hendrickson & Olsen, 2006). 

There is ample research to indicate that grazing is actually beneficial to many native herbaceous 
species – including those linked with special habitats such as vernal pools (Hayes et al., 2006; Marty, 
2005). Vernal pools are poorly drained depressional features that occur throughout California in 
grassland areas underlain by a hardpan or clay pan layer that restricts percolation of water through 
the soil. They are significant for special status plants and communities because they contain a very 
high degree of diversity with more than 100 species of endemic plants (Marty, 2005). 

Research conducted on the effects to vernal pool habitat on the 12,362-acre Howard Ranch 
property in Eastern Sacramento County demonstrated that the relative cover of native plant species 
remained highest in continuously grazed plots, while declining in those where grazing was removed 
(Marty, 2005). Grazing removal did not affect the cover of native vegetation in the pools themselves 
but did negatively impact native cover in both the edge and upland zones.  

It was also found that the change in native richness per quadrat over the first three years of the 
study was positive in grazed pools and negative in ungrazed pools. There was a decline in diversity 
with the removal of grazing after only three years, and this effect was most significant on the edge 
(Marty, 2005). 

Another important habitat for native plants is the coastal prairie ecosystem. Over the last 20–
30 years one quarter of the California coastline has been set aside in conservation status leading to 
the removal and cessation of livestock grazing. Now annual wildflowers, many of which are rare and 
endangered, are found more commonly on private lands adjoining conservation lands (Hayes et al., 
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2006). 

Hayes found that annual forb species richness and cover increased significantly with grazing on 
the California coastal prairie sites analyzed. This may be due to decreased vegetation height and 
litter depth. Grasses show mixed responses to grazing, and exotic forb abundance increases with 
grazing (Hayes et al., 2006).  

Overall, prescribed herbivory is not likely to have an adverse effect in any of the habitat types in 
the VTP, and in many cases will be beneficial to plant communities. 

Oak Woodlands 
The consequences on oak woodlands of implementing the Proposed Program are generally a 

function of the number of acres treated and the types of treatments. However, potentially adverse 
effects to oak woodlands are likely to be reduced due to: 

1. Implementation of MMRs 8 and 9, which require measures to protect overstory oaks and 
provide for regeneration,  

2. MMR 10, which helps to protect oaks in shrub vegetation types,  
3. MMR 14, which reduces impacts to forest and range production caused by the introduction 

of non-native invasive species.  

Under the Program approximately 60,000 acres of oak woodlands would be treated each year, 
which is 0.6% of the approximately 10 million acres of oak woodlands in the state (Table 5.5.3.22). 
Over a ten-year period this would amount to approximately 600,000 acres or 6% of the state’s oak 
woodlands treated through VTP projects. The majority of acres treated are expected to take place in 
the Sierra Nevada, Sacramento Valley and Central Coast bioregions. The Sacramento Valley and San 
Joaquin bioregions are expected to have the highest proportion of their oak woodlands treated. Oak 
woodlands are extremely limited in the Mojave and Colorado Desert bioregions- the potential 
acreage treated values for those bioregions shown on Table 5.5.3.22 is due to an error in 
interpretation of WHR types and will not be further considered in this analysis (CalPIF 2002). 

It is unlikely that any more than 6-10% of the State’s oak woodlands would ever be in a 
“treated” condition due to VTP projects. Although treated areas accumulate over a 10 year period, 
vegetation will also regrow in a 10-15 year period, requiring follow up maintenance to keep 
woodlands in a “treated” condition. Thus, without continuous increases in funding, the cumulative 
extent of land in a “treated” condition cannot significantly exceed the amount treated in the first 
10-year period. 

Approximately 53% of all treatments under the Proposed Program would utilize prescribed fire 
including broadcast burning, underburning, pile burning, etc. Approximately 340,000 acres of oak 
woodlands (3.5% of total) would be subjected to prescribed fire each decade under the Proposed 
Program (Table 5.0.1). The majority of burning would occur in the Sacramento Valley, Sierra Nevada 
and Central Coast bioregions, 60,000 to 80,000+ acres per decade each.  

Plant responses to fire vary greatly and are often determined by a complex interaction among 
external factors such as temperature, soil moisture, and heat duration and season of burn (Chang, 
1996). For the first few years after a fire, vegetation is comprised of individuals from the following 
categories (Smith and Brown, 2000): 
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• Plants that survived the fire with their form intact  
• Sprouts or suckers that grew from the base or buried parts of top-killed plants 
• Plants that established from seed, which can be further subdivided into: 

• Plants that re-established from seed dispersed from surviving plants (usually trees) 
• Plants that re-established from seed dispersed from off of the burned site 
• Plants that re-established from fire-stimulated seed within the soil seed bank 
• Plants that re-establish from seed that developed on plants that resprouted after the fire 

Oak trees primarily resprout from the base of top killed trees, making them resilient after fires. 
Most seedlings and many saplings, but very few mature oaks are top killed by fire. However there is 
variability among species as described below. 

Prescribed fire in oak/hardwood woodlands can result in eventual mortality from fire-induced 
cavities through which rot can enter that can spread quickly along hardwood stems and lead to 
breakage (Brown and Smith, 2000). Fires are exceptionally damaging to live oak stands, because 
most species in these stands are susceptible to fire damage. In particular, canyon live oak, interior 
live oak (Q. wislizenii), sycamore (Platanus spp.), and cottonwood (Populus spp.) have fairly thin 
bark and are easily top killed by fire (Chang, 1996). However, live oaks are particularly vigorous 
resprouters compared to deciduous oaks, and will likely sprout back from their base even when all 
of the above ground portion has been killed (McCreary, 2004). In contrast to the live oaks, mature 
deciduous oaks (black oak, white oak, blue oak, valley oak, etc.) have thick fire resistant bark and 
are able to withstand low intensity burns (McCreary, 2004), but don’t sprout as vigorously as live 
oaks when killed. 

Small blue oaks (and perhaps other species) are susceptible to top kill during prescribed fire 
conditions. Bartolome et al., (2002) observed 100% top kill of blue oak regeneration that was 
between 40 and 70 cm tall and less than 10 years old. No stimulatory response of regeneration was 
observed when comparing burned to unburned sites; that is, sprouts recovering from burning did 
not grow faster or more vigorously than sprouts that had not been burned as has been 
hypothesized by some. Bartolome et al., (2002) concluded that at the study site “for successful 
regeneration into the sapling stage, small plants must be protected from burning and browsing for 
ten or more years.”  

Oak tree size (height and diameter) heavily influences the likelihood of surviving a fire, due to 
elevation of live foliage and bark thickness. Blue oak trees > 8 inches dbh were observed to have 
75%-100% survival after wildfire, while trees 4-8 inches dbh had only 10-90% survival (Horney et al., 
2002). 

It should be noted that damage from wildfire or prescribed fire can create valuable wildlife 
habitat, such as cavities that can be used for denning and dead branches that provide foraging 
habitat for woodpeckers, etc. A small to moderate amount of damage to residual overstory trees 
can serve to increase rather than decrease the biological diversity within many vegetation types. 

Prescribed fire in oak woodland rangelands is highly variable due to differences in oak bark 
thickness, tree structure, and sprouting response. Individual survival is also influenced by 
understory composition and the degree of fire intensity (Brown and Smith, 2000). Blue oak acorn 
survival and germination can be negatively affected by fire; however, the positive association 
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between blue oak ages and fire dates suggests a temporal concentration of post-fire sprouting. The 
low rate of recruitment since the 1940s may be partly due to fire suppression and grazing (Brown 
and Smith, 2000).  

In Northern Oak Woodlands (Holland, 1986) prescribed fire is likely to kill young Douglas-fir 
regeneration, which retards conversion to mixed evergreen stands and is beneficial to persistence 
of oak woodland habitats (Barhnhart et al., 1996). However, fire in oak woodlands is also likely to 
top kill most oak seedlings and saplings and retard oak regeneration by 10+ years- which is the time 
it will take oaks to resprout and grow to their pre-fire heights and diameters (Swiecke and 
Bernhardt, 2002). Spero (2002) characterized the effects of fire on woodland ecology as: 

“Wildfire's role in hardwood ecology is unclear. Blue oak (Quercus douglasii), the most abundant 
hardwood forest type in California, has sapling populations that may be insufficient to maintain 
current stand densities (Bolsinger 1988, Muick and Bartolome 1987, Swiecki 1999). Although many 
species of native California oaks are relatively fire resistant, either due to innate low fuel conditions or 
to vegetative adaptation, fire may not play as much of a role in regeneration as once thought, neither 
enabling nor preventing regeneration (Bartolome and others 2002, Lang 1988). However, frequent 
fires can compromise re-sprouting from saplings and seedling advance regeneration. According to 
Swiecki: “A combination of frequent fires and annual livestock grazing would…be a prescription for 
eliminating blue oak regeneration.” 

MMRs 8, 9, and 10 require project applicants to protect and enhance oak woodland rangelands. 
When properly implemented, these MMRs should help reduce the impacts of prescribed fire to 
these vegetation types. Prescribed fire in these types usually does not result in more than 20% 
canopy reduction in the overstory, and can often maintain or improve growth of remaining trees by 
reducing competition from understory trees and shrubs for scarce water resources.  

Mechanical treatments are proposed for approximately 115,000 acres of oak woodlands per 
decade. Mechanical treatments include tractor piling slash created from handwork, mowing down 
understory herbaceous vegetation, and mastication of understory shrubby plants. None of these 
treatments are likely to have significant impacts on mature, overstory oak trees. All of them are 
likely to retard oak regeneration by removing aboveground portions of seedlings and saplings. Alert 
equipment operators may avoid large saplings and small trees, but significant damage is still likely.  

Mastication can range from limited impacts where masticators move between trees and large 
shrubs grinding up vegetation in small openings, to treatments where substantial areas are treated 
and soil disturbance is relatively high. Impacts from mastication can be highly correlated to the 
amount of vegetation on-site prior to treatment. As noted in Table 5.0.3, mastication is expected to 
result in a 10-50% reduction in overstory canopy in Surface/mixed Fire regime Vegetation types. 
Oak woodland overstory canopy cover impacts would be on the low end of this range; however, 
understory brush, small trees and regeneration may be significantly reduced. MMRs 8, 9, and 10 are 
intended to help protect overstory cover of oaks in hardwood rangelands such that cover is not 
likely to be reduced by mechanical treatments more than 10-30% below already existing relatively 
low overstory cover in these types.  

Mastication, when combined with prescribed burning or followed closely by wildfire may 
increase residual overstory mortality compared to leaving understory brush untreated. Bradley et 
al., (2006) reported that mastication of understory brush did not reduce fuels in the short term (<2 
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years) but rather rearranged them- resulting in a 200% increase in 1-hr and 1000-hr size classes and 
a 300% increase in 10-hr and 100-hr size classes in the fuel bed. The concentration of fuels in the 
fuel bed and hotter burn resulted in significantly increased overstory mortality of black oak and 
canyon live oak in the Pole (<8 inch) and overstory (>8 inch) size classes compared to adjacent areas 
that were not masticated prior to burning. However, where understory brush and small trees form 
“fuel ladders” to the overstory, prescribed burning without pre-treating the understory vegetation 
(reducing its height) can also result in significant damage to overstory trees. If understory fuels are 
removed or allowed to decompose prior to burning there is not likely to be significant damage to 
overstory trees. 

Approximately 60,000 acres of hand treatments are expected to occur in oak woodlands each 
decade (Table 5.5.3.22). Impacts of hand treatments on forest and rangeland composition and 
structure are expected to be minimal, as most treatments are expected to selectively remove only 
non-oak species of understory shrubs, small trees, etc. As a result, impacts are expected to be 
positive since a decrease in competition for water and nutrients should improve forest and 
rangeland productivity. Hand treatments are expected to be especially beneficial to Northern Oak 
Woodlands by selectively removing Douglas-fir while retaining oak regeneration.  

Approximately 60,000 acres per decade of prescribed herbivory are estimated to be applied to 
oak woodlands under the Proposed Program. In contrast to forested settings where goats are more 
likely to be used, cattle are more likely to be used in oak woodlands. The stock type, intensity, 
duration and season of use will vary in response to site conditions and project objectives.  

Prescribed herbivory in oak woodlands can result in localized reduction in advance regeneration 
of oaks, but is not likely to result in impacts to overstory trees. In one study the authors concluded 
that, “in rangeland seasonally stocked with moderate cattle densities, planting sites must be 
protected from cattle browsing and trampling in order to successfully restock valley oak (Bernhardt 
and Swiecki, 1997).”  In the same study though, the authors noted that cattle grazing on Harding 
grass, which competes for water and nutrients with oak seedlings, resulted in increased growth 
rates for oak seedlings that had been caged to protect them from cattle.  

Timing of herbivory affects potential damage to oak seedlings and saplings. Generally late 
spring and summer grazing are most damaging to oak regeneration due to cattle preference for 
green living oak leaves rather than the dry forage that is available this time of year. In one study, 
early spring grazing (March) resulted in minimal grazing of oak regeneration compared to grazing 
later in the season (May, June, July) (Jansen et al., 1997).  

In summary, VTP treatments in oak woodlands that reduce woody vegetation in the understory 
could improve rangeland conditions for cattle and decrease the risk of severe wildfire, but may 
retard oak regeneration by 10+ years. Approximately 80% of VTP treatments in the proposed 
program utilize prescribed fire, mechanical or herbivory, all of which are known to have some 
adverse effects on oak regeneration. No significant impacts to mature overstory oaks are expected 
from VTP treatments. 

Proposed Program Effects and Goals 
Botanical resources have the potential to experience substantial adverse effects only from 

prescribed burning and mechanical treatments while effects from hand and herbivory treatments 



Environmental Impact Analysis - Vegetation 
 

 
California Department of Forestry and Fire Protection 5.5-86 
Vegetation Treatment Program 
Draft Environmental Impact Report 
 

will be negligible or beneficial. Mechanical treatments could have substantial adverse effects in any 
of the WHR lifeform habitat types if sufficient acres were to be treated. Out of the variety of 
prescribed burning techniques, only broadcast burning in conifer woodland, hardwood woodland, 
herbaceous or shrub types could have substantial adverse effects if sufficient acres were to be 
treated.  

Table 5.5.3.1 summarizes the information from the remainder of this subchapter on the effects 
of implementing the Program across the state by bioregion in terms of effects to botanical 
resources. The direct and indirect effect of herbicides on plants is described in Section 5.17, 
however the acres treated by herbicides by the Proposed Program are included in the percentage of 
lifeform tables for each bioregion below. 

Goals 1 and 4 directly relate to botanical resources. The Proposed Program would help to 
achieve these goals in areas where treatments are successfully implemented. Treatments in oak 
woodlands will enhance forest and rangeland resources wherever they are applied. Restoring the 
natural range of fire-adapted plant communities will take multiple treatments spread over a 
significant portion of a bioregion, but when accomplished, this would reduce the risk of large high 
intensity fires.   

Alternatives Effects and Goals 
Implementation of Alternative 2 would meet Goals 1 and 4 at approximately the same rate and 

to the same extent as the Proposed Program but at a higher cost per acre and with slightly greater 
adverse effects from more mechanical treatments. Alternative 3 would initially meet these goals at 
approximately the same rate and to the same extent as the Proposed Program. However, over the 
long term, Alternative 3 only treats about 13.7 million acres with prescribed fire and mechanical 
treatments, which is only about 40% of the acres that would be treated under the Program, thus, 
this Alternative over the long term would not meet Goals 1 and 4 as effectively as the Proposed 
Program. Alternative 1 would not meet Goal 1 or 4 at the same rate or to the same extent as the 
Proposed Program since it would treat so few acres and substantially more acres would likely burn 
at high intensity. Alternative 4, like Alternative 1 would not meet these goals at the same rate or to 
the same extent as the Proposed Program since it would treat so few acres and substantially more 
acres would likely burn at high intensity.  
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Table 5.5.3.1 
Summary of Effects 1/ on Botanical Resources from Implementing the 
Proposed Program 
Bioregion Prescribed Fire Mechanical Hand Herbivory 
Klamath Northcoast NA/NB NA/NB NA/NB NA/NB 
Modoc NA/NB NA/NB NA/NB NA/NB 
Sacramento Valley MA MA NA/NB NA/NB 
Sierra NA/NB NA/NB NA/NB NA/NB 
Bay Area NA/NB NA/NB NA/NB NA/NB 
San Joaquin MA MA NA/NB NA/NB 
Central Coast NA/NB NA/NB NA/NB NA/NB 
Mojave NA/NB NA/NB NA/NB NA/NB 
South Coast NA/NB NA/NB NA/NB NA/NB 
Colorado Desert MA NA/NB NA/NB NA/NB 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or are 
within the natural range of variability, for the resource at issue. SA/SB – significant adverse effects are those 
effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. MA/MB - 
moderately adverse or beneficial effects - those effects that can be detected beyond the affected area, but are 
transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects that are 
imperceptible or undetectable. 

5.5.3.5   Bioregion Specific Direct Effects of Implementing the Program/Alternatives 

Since the exact location of projects will not be known until a landowner application is received, 
this analysis focuses on assessing the broad scale impacts to special status plants and natural 
communities from implementing the program. On a programmatic level, the potential for negatively 
impacting botanical resources is really a function of the acres treated in a given habitat type 
compared to the total extent of that habitat type. For this EIR the WHR types were lumped into 8 
WHR lifeforms to be included in the program (see Tables 2.1 and 2.2). The tables below show the 
potential acres treated in each bioregion in each WHR lifeform by treatment type. These data are 
the result of the landscape analysis and modeled treatment allocation as described in Chapter 5. 
The treatment and lifeform combinations that could have substantial adverse effects if sufficient 
acres were treated are highlighted. 
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Table 5.5.3.2      NORTH COAST 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 68,095 1,218 0 0 25,046 8,896 14,508 16,468 

% of Lifeform Area 0.82% 0.99% 0.00% 0.00% 1.33% 1.27% 1.35% 1.04% 

Mechanical Acres 23,082 413 0 0 8,490 3,015 4,918 5,582 

% of Lifeform Area 0.28% 0.34% 0.00% 0.00% 0.45% 0.43% 0.46% 0.35% 

Hand Treated Acres 12,698 227 0 0 4,670 1,659 2,705 3,071 

% of Lifeform Area 0.15% 0.19% 0.00% 0.00% 0.25% 0.24% 0.25% 0.19% 

Herbicide Acres 11,541 206 0 0 4,245 1,508 2,459 2,791 

% of Lifeform Area 0.14% 0.17% 0.00% 0.00% 0.23% 0.21% 0.23% 0.18% 

Herbivory Acres 13,190 236 0 0 4,851 1,723 2,810 3,190 

% of Lifeform Area 0.16% 0.19% 0.00% 0.00% 0.26% 0.25% 0.26% 0.20% 

TOTAL ACREAGE 128,600 2,300 0 0 47,300 16,800 27,400 31,100 
 
 
 
Table 5.5.3.3      MODOC 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 63,069 3,975 265 0 5,830 13,780 5,830 25,704 

% of Lifeform Area 2.24% 0.60% 0.24% 0.00% 4.79% 6.01% 2.84% 0.83% 

Mechanical Acres 21,423 1,350 90 0 1,980 4,681 1,980 8,731 

% of Lifeform Area 0.76% 0.21% 0.08% 0.00% 1.63% 2.04% 0.97% 0.28% 

Hand Treated Acres 11,897 750 50 0 1,100 2,599 1,100 4,849 

% of Lifeform Area 0.42% 0.11% 0.05% 0.00% 0.90% 1.13% 0.54% 0.16% 

Herbicide Acres 10,714 675 45 0 990 2,341 990 4,367 

% of Lifeform Area 0.38% 0.10% 0.04% 0.00% 0.81% 1.02% 0.48% 0.14% 

Herbivory Acres 11,897 750 50 0 1,100 2,599 1,100 4,849 

% of Lifeform Area 0.42% 0.11% 0.05% 0.00% 0.90% 1.13% 0.54% 0.16% 

TOTAL ACREAGE 119,000 7,500 500 0 11,000 26,000 11,000 48,500 
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Table 5.5.3.4      SACRAMENTO VALLEY 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 0 0 0 0 11,543 72,381 75,399 5,666 

% of Lifeform Area 0.00% 0.00% 0.00% 0.00% 64.19% 13.73% 7.72% 21.11% 

Mechanical Acres 0 0 0 0 3,913 24,536 25,559 1,921 

% of Lifeform Area 0.00% 0.00% 0.00% 0.00% 21.76% 4.65% 2.62% 7.16% 

Hand Treated Acres 0 0 0 0 2,152 13,495 14,057 1,056 

% of Lifeform Area 0.00% 0.00% 0.00% 0.00% 11.97% 2.56% 1.44% 3.94% 

Herbicide Acres 0 0 0 0 1,956 12,268 12,779 960 

% of Lifeform Area 0.00% 0.00% 0.00% 0.00% 10.88% 2.33% 1.31% 3.58% 

Herbivory Acres 0 0 0 0 2,236 14,021 14,605 1,097 

% of Lifeform Area 0.00% 0.00% 0.00% 0.00% 12.43% 2.66% 1.50% 4.09% 

TOTAL ACREAGE 0 0 0 0 21,800 136,700 142,400 10,700 
 
 
 
Table 5.5.3.5      SIERRA 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 60,044 1,165 2,436 0 44,742 41,988 54,167 22,609 

% of Lifeform Area 0.86% 0.22% 0.44% 0.00% 2.62% 3.49% 2.81% 0.72% 

Mechanical Acres 20,354 395 826 0 15,167 14,233 18,362 7,664 

% of Lifeform Area 0.29% 0.07% 0.15% 0.00% 0.89% 1.18% 0.95% 0.24% 

Hand Treated Acres 11,195 217 454 0 8,342 7,828 10,099 4,215 

% of Lifeform Area 0.16% 0.04% 0.08% 0.00% 0.49% 0.65% 0.52% 0.13% 

Herbicide Acres 10,177 197 413 0 7,583 7,117 9,181 3,832 

% of Lifeform Area 0.15% 0.04% 0.07% 0.00% 0.44% 0.59% 0.48% 0.12% 

Herbivory Acres 11,631 226 472 0 8,667 8,133 10,492 4,379 

% of Lifeform Area 0.17% 0.04% 0.09% 0.00% 0.51% 0.68% 0.54% 0.14% 

TOTAL ACREAGE 113,400 2,200 4,600 0 84,500 79,300 102,300 42,700 
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Table 5.5.3.6      BAY AREA 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 17,473 0 0 0 13,131 17,844 23,192 10,960 

% of Lifeform Area 3.12% 0.00% 0.00% 0.00% 2.72% 2.77% 1.74% 2.63% 

Mechanical Acres 5,923 0 0 0 4,451 6,049 7,862 3,715 

% of Lifeform Area 1.06% 0.00% 0.00% 0.00% 0.92% 0.94% 0.59% 0.89% 

Hand Treated Acres 3,258 0 0 0 2,448 3,327 4,324 2,043 

% of Lifeform Area 0.58% 0.00% 0.00% 0.00% 0.51% 0.52% 0.32% 0.49% 

Herbicide Acres 2,962 0 0 0 2,226 3,024 3,931 1,858 

% of Lifeform Area 0.53% 0.00% 0.00% 0.00% 0.46% 0.47% 0.29% 0.45% 

Herbivory Acres 3,385 0 0 0 2,544 3,456 4,492 2,123 

% of Lifeform Area 0.60% 0.00% 0.00% 0.00% 0.53% 0.54% 0.34% 0.51% 

TOTAL ACREAGE 33,000 0 0 0 24,800 33,700 43,800 20,700 
 
 
Table 5.5.3.7      SAN JOAQUIN 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 159 1,006 1,906 0 159 6,513 47,919 4,342 

% of Lifeform Area 0.66% 1.59% 0.72% 0.00% 3.13% 7.49% 2.55% 4.49% 

Mechanical Acres 54 341 646 0 54 2,208 16,244 1,472 

% of Lifeform Area 0.22% 0.54% 0.25% 0.00% 1.06% 2.54% 0.86% 1.52% 

Hand Treated Acres 30 188 355 0 30 1,214 8,934 809 

% of Lifeform Area 0.12% 0.30% 0.13% 0.00% 0.58% 1.40% 0.48% 0.84% 

Herbicide Acres 27 171 323 0 27 1,104 8,122 736 

% of Lifeform Area 0.11% 0.27% 0.12% 0.00% 0.53% 1.27% 0.43% 0.76% 

Herbivory Acres 31 195 369 0 31 1,262 9,282 841 

% of Lifeform Area 0.13% 0.31% 0.14% 0.00% 0.61% 1.45% 0.49% 0.87% 

TOTAL ACREAGE 300 1,900 3,600 0 300 12,300 90,500 8,200 
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Table 5.5.3.8      CENTRAL COAST 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 2,228 543 326 54 3,641 60,211 88,360 51,136 

% of Lifeform Area 1.32% 0.29% 3.67% 3.50% 2.26% 3.85% 3.43% 2.20% 

Mechanical Acres 755 184 111 18 1,234 20,411 29,953 17,334 

% of Lifeform Area 0.45% 0.10% 1.25% 1.19% 0.77% 1.30% 1.16% 0.74% 

Hand Treated Acres 415 101 61 10 679 11,226 16,474 9,534 

% of Lifeform Area 0.25% 0.05% 0.69% 0.65% 0.42% 0.72% 0.64% 0.41% 

Herbicide Acres 378 92 55 9 617 10,205 14,976 8,667 

% of Lifeform Area 0.22% 0.05% 0.62% 0.59% 0.38% 0.65% 0.58% 0.37% 

Herbivory Acres 324 79 47 8 529 8,747 12,837 7,429 

% of Lifeform Area 0.19% 0.04% 0.53% 0.51% 0.33% 0.56% 0.50% 0.32% 

TOTAL ACREAGE 4,100 1,000 600 100 6,700 110,800 162,600 94,100 
 
 
Table 5.5.3.9      MOJAVE 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 652 1,087 1,956 0 1,956 978 1,956 2,064 

% of Lifeform Area 3.31% 0.17% 0.01% 0.00% 8.44% 4.29% 2.36% 0.40% 

Mechanical Acres 221 369 664 0 664 332 664 701 

% of Lifeform Area 1.12% 0.06% 0.00% 0.00% 2.87% 1.46% 0.80% 0.13% 

Hand Treated Acres 123 205 369 0 369 185 369 390 

% of Lifeform Area 0.62% 0.03% 0.00% 0.00% 1.59% 0.81% 0.45% 0.07% 

Herbicide Acres 111 185 332 0 332 166 332 351 

% of Lifeform Area 0.56% 0.03% 0.00% 0.00% 1.43% 0.73% 0.40% 0.07% 

Herbivory Acres 123 205 369 0 369 185 369 390 

% of Lifeform Area 0.62% 0.03% 0.00% 0.00% 1.59% 0.81% 0.45% 0.07% 

TOTAL ACREAGE 1,230 2,050 3,690 0 3,690 1,845 3,690 3,895 
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Table 5.5.3.10      SOUTH COAST 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 1,922 372 1,674 0 1,674 8,681 17,362 77,137 

% of Lifeform Area 0.49% 0.32% 1.64% 0.00% 0.99% 3.34% 2.69% 2.43% 

Mechanical Acres 653 126 569 0 569 2,948 5,897 26,199 

% of Lifeform Area 0.17% 0.11% 0.56% 0.00% 0.34% 1.13% 0.91% 0.83% 

Hand Treated Acres 363 70 316 0 316 1,638 3,276 14,555 

% of Lifeform Area 0.09% 0.06% 0.31% 0.00% 0.19% 0.63% 0.51% 0.46% 

Herbicide Acres 327 63 284 0 284 1,475 2,949 13,103 

% of Lifeform Area 0.08% 0.05% 0.28% 0.00% 0.17% 0.57% 0.46% 0.41% 

Herbivory Acres 363 70 316 0 316 1,638 3,276 14,555 

% of Lifeform Area 0.09% 0.06% 0.31% 0.00% 0.19% 0.63% 0.51% 0.46% 

TOTAL ACREAGE 3,627 702 3,159 0 3,159 16,380 32,760 145,548 
 
 
Table 5.5.3.11      COLORADO DESERT 
Percentage of Total Habitat Potentially Treated in Bioregion per Decade 

 
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub 

Prescribed Fire Area 171 1,763 13,937 228 57 796 512 23,836 

% of Lifeform Area 7.66% 2.26% 0.28% 1.12% 3.06% 11.39% 0.22% 8.52% 

Mechanical Acres 58 598 4,725 77 19 270 174 8,080 

% of Lifeform Area 2.60% 0.77% 0.09% 0.38% 1.04% 3.86% 0.08% 2.89% 

Hand Treated Acres 32 329 2,598 42 11 148 95 4,444 

% of Lifeform Area 1.43% 0.42% 0.05% 0.21% 0.57% 2.12% 0.04% 1.59% 

Herbicide Acres 29 299 2,362 39 10 135 87 4,040 

% of Lifeform Area 1.30% 0.38% 0.05% 0.19% 0.52% 1.93% 0.04% 1.44% 

Herbivory Acres 11 111 877 14 4 50 32 1,501 

% of Lifeform Area 0.48% 0.14% 0.02% 0.07% 0.19% 0.72% 0.01% 0.54% 

TOTAL ACREAGE 300 3,100 24,500 400 100 1,400 900 41,900 
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Special Status Plants and Communities 
In order to ensure that impacts to special status plants and communities would be less 

than significant, the BIOS database was used to obtain lists of species and communities with the 
most element occurrences by bioregion. Many plants in the database have very small, localized 
populations. These would not be impacted at the programmatic level because project level 
assessment carried out by local DFG biologists or other qualified botanists would identify these 
populations and lead to the application of necessary mitigations as stipulated in MMR 5. On 
private land in particular, where the extent of rare plant occurrences is largely unknown, the 
scoping process would likely lead to surveys being done prior to project implementation. 
California Rare Plant Rank 1B and 2 will be treated as state or federal listed species for the 
purposes of developing mitigations at the project level (see the BIOS/CNDDB Element Ranking 
Key later in this chapter). Special Status plants and communities with more widespread 
occurrences potentially could be adversely affected at the programmatic scale. 

One community type that is well within the program landscape and also has a state rank of 
Threatened is Central Maritime Chaparral. A specific discussion is warranted here due to 
existing development threats and apparent sensitivity of the ecosystem. Maritime chaparral is 
associated with sandy substrates in level or rolling terrain within 10-20 km of the coast. There is 
a strong maritime climate characterized by frequent summer fog and low annual temperature 
range. Stands can be found scattered along the coast from Santa Barbara to Sonoma counties. 
“Maritime chaparral supports many rare and endemic plants and thus has received a fair 
amount of scientific study, especially in recent decades as the type has been heavily reduced 
and fragmented by coastal residential development and military operations (Davis et al., 2006, 
p.337).”  It is usually dominated by chamise along with several endemic species of manzanita. In 
general, maritime chaparral communities show higher species diversity than other chaparral 
types. Sub shrub and herb layer diversity is high especially in the first 5 years after fire (Davis et 
al., 2006). Much of the manzanita and California lilac species are fire dependent. “Odion and 
Tyler observed high levels of fire-induced mortality in the soil seed bank of the endangered 
Morro manzanita and concluded that the species may require considerably longer than 40 
years between burns in order to establish an adequate seed bank to replace adults killed during 
the fire” (Davis et al., 2006, p.338). The Morro manzanita type is also more susceptible to 
invasion by exotic species than other chaparral types, possibly because it is closer to 
development and more densely roaded (Davis et al., 2006). A mitigation measure is included 
below to ensure that impacts will be less than significant. 

The following tables include one tenth of the number of plants or communities from the 
BIOS database, as there are potential projects in that bioregion. They represent those species 
with the most element occurrences weighted by their location in either the high or low 
probability landscape. Chapter 5.0 explains how watersheds within the available landscape 
were categorized based on their likelihood of having VTP projects. 
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Table 5.5.3.12         NORTH COAST 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific Name Common Name 
Element 

Occurrences 

Fed & State T&E 
Status; Rare Plant 

Rank, Global, State 
Rank 1 Growth Form Habitat type or Lifeform 

In 
Treatable 
Landscape 

Pseudotsuga menziesii 
Upland Douglas Fir Forest (Old-

growth) 354 G4, S3.1 conifer forest Old-growth Douglas-fir yes 

Sidalcea malachroides Maple-leaved checkerbloom 536 4.2, G3G4, S3S4.2 perennial herb 
conifer & hardwood forest, 

coastal scrub yes 

Astragalus umbraticus Bald Mountain milk-vetch 204 G4, S2.3 annual herb grassland yes 

Carex arcta northern clustered sedge 257 G5, S1S2 perennial herb conifer forest - bogs & fens excluded 

Carex lyngbyei Lyngbye's sedge 132 2.2, G5, S2.2 rhizomatous herb marshes & swamps excluded 

Gilia millefoliata dark-eyed gilia 298 1B.2, G2, S2.2 annual herb coastal dunes - shrub yes 

Northern Coastal Salt Marsh salt marsh 270 G3, S3.2  saline emergent wetland excluded 

Sanguisorba officinalis great burnet 172 2.2, G5, S2.2 rhizomatous herb forests, meadows - wet areas yes 

Lycopodium clavatum running pine 174 4.1, G5, S3S4.2 rhizomatous herb conifer forests - edges, marshes yes 

Castilleja affinis ssp. litoralis Oregon coast Indian paintbrush 244 2.2, G4G5T4, S2.2 perennial herb coastal scrub, bluffs, and dunes yes 
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Table 5.5.3.13         MODOC 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific Name Common Name 
Element 

Occurrences 

Fed & State T&E 
Status; Rare Plant 

Rank, Global, State 
Rank Growth Form Habitat type or Lifeform 

In Treatable 
Landscape 

Potamogeton zosteriformis eel-grass pondweed 113 2.2, G5, S2.2 annual herb aquatic marshes & swamps excluded 

Fritillaria eastwoodiae Butte County fritillary 91 3, G3Q, S3 bulbiferous herb 
hardwood woodland, conifer forests, 

chaparral yes 

Silene oregana Oregon campion 152 2.3, G5, S2.3 perennial herb subalpine coniferous forest yes 
Calystegia atriplicifolia ssp. 
buttensis 

Butte County morning-
glory 56 4.2, G5T3, S3 rhizomatous herb 

chaparral, lower montane coniferous 
forests/rocky yes 

Calochortus longebarbatus 
var. longebarbatus long-haired star-tulip 112 1B.2, G4T4, S3.2 bulbiferous herb 

Great Basin scrub, lower montane 
coniferous forests (openings & 

drainages), meadows & seeps, vernal 
pools/clay-mesic yes 

Clarkia gracilis ssp. albicaulis white-stemmed clarkia 47 1B.2, G5T2, S2.2 annual herb chaparral, cismontane woodland yes 

Stachys palustris ssp. pilosa 
hairy marsh hedge-

nettle 113 2.3, G5T5, S2.3 rhizomatous herb Great Basin scrub, meadows & seeps yes 

Dimeresia howellii doublet 121 2.3, G4?, S2.3 annual herb 

lower montane coniferous forests, 
pinyon & juniper woodland/ volcanic & 

xeric yes 

Rupertia hallii Hall's rupertia 53 1B.2, G3, S3.2 perennial herb 
lower montane coniferous forests, 

cismontane woodland yes 
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Table 5.5.3.14        SACRAMENTO VALLEY 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific Name Common Name 
Element 

Occurrences 

Fed & State T&E 
Status; Rare Plant 

Rank, Global, State 
Rank Growth Form Habitat type or Lifeform 

In 
Treatable 
Landscape 

Great Valley Mixed Riparian 
Forest riparian forest 358 G2, S2.2 forest hardwood woodland yes 

Northern Hardpan Vernal Pool vernal pool 415 G3, S3.1 pond vernal pools excluded 
Great Valley Cottonwood 
Riparian Forest riparian forest 256 G2, S2.1 forest hardwood woodland yes 

Orcuttia tenuis slender Orcutt grass 117 FT, CE, 1B.1, G3, S3.1 annual herb vernal pools excluded 

Paronychia ahartii Ahart's paronychia 81 1B.1, G2, S2.1 annual herb hdwd woodland, grassland, vernal pools yes 

Hibiscus lasiocarpus rose-mallow 149 1B.2, G4T2, S2.2 
rhizomatous 

herb marshes & swamps excluded 

Gratiola heterosepala Boggs Lake hedge-hyssop 90 CE, 1B.2, G3, S3.1 annual herb marshes & swamps, vernal pools excluded 
Juncus leiospermus var. 
leiospermus Red Bluff dwarf rush 55 1B.1, G2T2, S2.2 annual herb 

hdwd woodland, grassland, vernal pools, 
seeps, chaparral yes 

Cryptantha crinita silky cryptantha 54 1B.2, G1, S1.1 annual herb 

riparian forest & woodland, hardwood 
woodland, conifer forests, valley & 

foothill grassland yes 

Downingia pusilla dwarf downingia 111 2.2, G3, S3.1 annual herb 
Valley and foothill grassland, vernal 

pools yes 
Great Valley Valley Oak Riparian 
Forest riparian forest 97 G1, S1.1 forest 

Valley Foothill Riparian - hardwood 
woodland yes 

Great Valley Willow Scrub  90 G3, S3.2 scrub 
Valley Foothill Riparian - hardwood 

woodland yes 

Riparian community types could be part of VTP projects but would be protected from adverse impacts by the MMRs. These 
include Great Valley Mixed Riparian Forest, Great Valley Cottonwood Riparian Forest, and Great Valley Oak riparian Forest. 
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Table 5.5.3.15          SIERRA 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific Name Common Name 
Element 

Occurrences 

Fed & State T&E Status; 
Rare Plant Rank, Global, 

State Rank Growth Form Habitat type or Lifeform 

In 
Treatable 
Landscape 

Packera layneae (new name) Layne's ragwort 186 FT, CR, 1B.2, G2, S2.1 perennial herb chaparral, hardwood woodland yes 

Wyethia reticulata 
El Dorado County mule 

ears 170 1B.2, G2, S2.2 perennial herb 
hardwood woodland, conifer 

forests, chaparral yes 

Cryptantha mariposae Mariposa cryptantha 158 1B.2, G2, S2.3 annual herb chaparral (serpentinite, rocky) yes 

Helianthemum suffrutescens Bisbee Peak rush-rose 146 3.2, G2Q, S2.2 evergreen shrub chaparral (serpentinite) yes 

Ceanothus roderickii Pine Hill ceanothus 150 FE, CR, 1.B2, G2, S2.1 evergreen shrub hardwood woodland, chaparral yes 

Calystegia stebbinsii Stebbins' morning-glory 117 FE, CE, 1B.1, G1, S1.1 
rhizomatous 

herb 
chaparral-openings, hdwd 

woodland yes 

Chlorogalum grandiflorum Red Hills soaproot 102 1B.2, G2, S2.2 bulbiferous herb 
hardwood woodland, conifer 

forests-serpentinite, chaparral yes 

Eryngium spinosepalum 
spiny-sepaled button-

celery 142 1B.2, G2, S2.2 
annual/perennial 

herb 
valley and foothill grassland, vernal 

pools yes 

Lupinus dalesiae Quincy lupine 216 4.2, G3, S3.2 perennial herb 
hardwood woodland, conifer 
forests, chaparral-openings yes 

Fremontodendron 
decumbens Pine Hill flannelbush 94 FE, CR, 1B.2, G1, S1.2 evergreen shrub 

chaparral, hardwood woodland-
serpentinite, rocky yes 

Lomatium congdonii Congdon's lomatium 94 1B.2, G2, S2.2 perennial herb 
chaparral, hardwood woodland -

serpentinite yes 
Clarkia biloba ssp. 
brandegeeae Brandegee's clarkia 101 1B.2, G4G5T3, S3 annual herb 

chaparral, hardwood woodland-
often roadcuts yes 

Ivesia webberi Webber's ivesia 158 1B.1, G2, S2.1 perennial herb 
chaparral, conifer forests, conifer 

woodland yes 

Fritillaria eastwoodiae Butte County fritillary 96 3, G3Q, S3 bulbiferous herb 
hardwood woodland, conifer 

forests, chaparral yes 
Calochortus clavatus var. 
avius 

Pleasant Valley 
mariposa lily 124 1B.2, G4T3, S3.2 bulbiferous herb lower montane coniferous forests yes 

Lupinus citrinus var. citrinus orange lupine 103 1B.2, G2T2, S2.2 annual herb 
hardwood woodland, conifer 

forests, chaparral yes 
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Table 5.5.3.16            BAY AREA 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific Name Common Name 
Element 

Occurrences 

Fed & State T&E 
Status; Rare Plant 

Rank, Global, State 
Rank Growth Form Habitat type or Lifeform 

In 
Treatable 
Landscape 

Anomobryum julaceum slender silver-moss 644 2.2, G4, S1.3 moss 

montane hardwood, conifer 
forests-damp rock outcrops, 

roadcuts yes 

Eschscholzia rhombipetala diamond-petaled California poppy 687 1B.1, G1, S1.1 annual herb Valley and foothill grassland yes 

Coastal Brackish Marsh marsh 880 G2, S2.1 marsh saline emergent wetland excluded 

Arctostaphylos silvicola Bonny Doon manzanita 681 1B.2, G2, S2.1 evergreen shrub 
chaparral, conifer forest-inland 

marine sands yes 

Collinsia multicolor San Francisco collinsia 462 1B.2, G2, S2.2 annual herb conifer forest, coastal scrub yes 

Tropidocarpum capparideum caper-fruited tropidocarpum 586 1B.1, G1, S1.1 annual herb Valley and foothill grassland yes 

Bonny Doon manzanita has a very localized population whose presence would trigger consultation under MMR 5 and 6 at the 
project level. 
 

Table 5.5.3.17            SAN JOAQUIN VALLEY 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific 
Name Common Name 

Element 
Occurrences 

Fed & State T&E 
Status; Rare Plant 

Rank, Global, State 
Rank 

Growth 
Form Habitat type or Lifeform 

In 
Treatable 
Landscape 

Valley Sink Scrub crosswalk to Alkali Desert Scrub 471 G1, S1.1 scrub desert shrub Unlikely 

Delphinium recurvatum recurved Larkspur 424 1B.2, G2, S2.2 perennial herb 
chaparral, grassland/alkaline, 

hardwood woodland yes 

Valley Saltbush Scrub crosswalk to Alkali Desert Scrub 412 G1, S2.1 scrub desert shrub Unlikely 

Monolopia congdonii San Joaquin woollythreads 244 1B.2, G3, S3.2 annual herb chaparral, grassland yes 

Eremalche kernensis Kern mallow 270 FE, 1B.1, G3?T1Q, S1.1 annual herb chaparral, grassland yes 
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Table 5.5.3.18           CENTRAL COAST 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific 
Name Common Name 

Element 
Occurrences 

Fed & State T&E 
Status; Rare Plant 

Rank, Global, State 
Rank Growth Form Habitat type or Lifeform 

In 
Treatable 
Landscape 

Central Maritime Chaparral chaparral 1284 G2, S2.2 shrub chaparral yes 
Streptanthus albidus ssp. 
peramoenus most beautiful jewel-flower 732 1B.2, G2T2, S2.2 annual herb 

hardwood woodland, Valley & foothill 
grassland, chaparral yes 

Layia jonesii Jones' layia 820 1B.2, G1, S1.1 annual herb 
Valley & foothill grassland 

/serpentinite, chaparral yes 

Arctostaphylos cruzensis Arroyo de la Cruz manzanita 639 1B.2, G2, S2.2 evergreen shrub 
montane hardwood, coastal scrub, 
conifer forest, grassland, chaparral yes 

Carex obispoensis San Luis Obispo Sedge 536 1B.2, G2, S2.2 
rhizomatous 

herb 
coastal prairie & scrub, conifer forest, 

grassland-serpentinite seeps, chaparral yes 

Monardella frutescens San Luis Obispo monardella 889 1B.2, G2, S2.2 
rhizomatous 

herb coastal dunes, coastal scrub yes 

Arctostaphylos pumila sandmat manzanita 1011 1B.2, G2, S2.2 evergreen shrub 
coastal dunes, coastal scrub, conifer 

forest, chaparral, hardwood woodland yes 
Arctostaphylos 
montereyensis Monterey manzanita 806 1B.2, G2, S2.1 evergreen shrub 

chaparral, hardwood woodland, 
coastal scrub yes 

Monardella palmeri Palmer's monardella 445 1B.2, G2, S2.2 
rhizomatous 

herb 
chaparral, hardwood woodland-

serpentinite yes 
Chorizanthe pungens var. 
pungens Monterey spineflower 929 FE, 1B.2, G2T2, S2.2 annual herb 

hardwood woodland, grassland, 
coastal dunes, coastal scrub, chaparral yes 

Horkelia cuneata ssp. 
sericea Kellogg's horkelia 889 1B.1, G4T1, S1.1 perennial herb 

conifer forest, chaparral, coastal scrub-
openings yes 

Castilleja densiflora ssp. 
obispoensis Obispo Indian paintbrush 417 1B.2, G5T2, S2.2 annual herb 

Valley & foothill grassland-serpentinite 
& seeps yes 

Baccharis plummerae ssp. 
glabrata San Simeon baccharis 366 1B.2, G3T1, S1.2 deciduous shrub coastal scrub yes 

Pinus radiata Monterey pine 612 1B.1, G1, S1.1 evergreen tree conifer forest, hardwood woodland yes 
Chorizanthe robusta var. 
robusta robust spineflower 727 1B.1, G2T1, S1.1 annual herb 

coastal dunes & scrub, hardwood 
woodland yes 
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Table 5.5.3.19          MOJAVE 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific Name Common Name 
Element 

Occurrences 

Fed & State T&E 
Status; Rare Plant 

Rank, Global, 
State Rank Growth Form Habitat type or Lifeform 

In Treatable 
Landscape 

Calochortus striatus alkali mariposa lily 158 1B.2, G2, S2.2 bulbiferous herb 
chaparral, desert shrub, meadows & seeps-

alkaline yes 

 

Table 5.5.3.20                   SOUTH COAST 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific Name Common Name 
Element 

Occurrences 

Fed & State T&E 
Status; Rare Plant 

Rank, Global, 
State Rank Growth Form Habitat type or Lifeform 

In 
Treatable 
Landscape 

Tetracoccus dioicus Parry's tetracoccus 1726 1B.2, G3, S2.2 
deciduous 

shrub chaparral, coastal scrub yes 
Lepidium virginicum var. 
robinsonii 

Robinson's pepper-
grass 1741 1B.2, G5T2?, S2.2 annual herb chaparral, coastal scrub yes 

Chorizanthe orcuttiana Orcutt's spineflower 1460 FE, CE, 1B.1, G1, S1.1 annual herb conifer forest, chaparral, coastal scrub-openings yes 

Ferocactus viridescens 
San Diego barrel 

cactus 1572 2.1, G4, S3.1 stem succulent grassland, coastal scrub, chaparral yes 

Ceanothus verrucosus 
wart-stemmed 

ceanothus 1582 2.2, G3, S2.2 
evergreen 

shrub chaparral yes 
Southern Sycamore Alder 
Riparian Woodland riparian forest 1103 G4, S4  Valley Foothill Riparian - hardwood woodland yes 

Dodecahema leptoceras 
slender-horned 

spineflower 913 FE, CE, 1B.1, G1, S1.1 annual herb chaparral, coastal scrub, hardwood woodland yes 

Chorizanthe parryi var. parryi Parry's spineflower 778 1B.1, G3T3, S2S3 annual herb chaparral, coastal scrub- sandy/rocky-openings yes 
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Table 5.5.3.21                COLORADO DESERT 
Special Status Plants & Community Types with the Most Element Occurrences 

Species Scientific Name Common Name 
Element 

Occurences 

Fed & State T&E 
Status; Rare Plant 

Rank, Global, State 
Rank Growth Form Habitat type or Lifeform 

In 
Treatable 
Landscape 

Desert Fan Palm Oasis 
Woodland palm oasis 432 G3, S3.2  palm oasis excluded 

Selaginella eremophila desert spike-moss 167 2.2, G4, S2.2? rhizomatous herb Sonoran desert scrub yes 

Ayenia compacta ayenia 162 2.3, G4, S3.3 perennial herb Sonoran desert scrub, Mojavean desert scrub yes 

1/  See descriptions of Federal and State T&E Status, Rare Plant Rank, Global and State Rank Definitions below. 
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BIOS/CNDDB ELEMENT RANKING 
 
GLOBAL RANKING 

The global rank (G-rank) is a reflection of the overall condition of an element throughout its global range. 
SPECIES OR NATURAL COMMUNITY LEVEL 
G1 = Less than 6 viable element occurrences (Eos) OR less than 1,000 individuals OR less than 2,000 acres. 
G2 = 6-20 Eos OR 1,000-3,000 individuals OR 2,000-10,000 acres. 
G3 = 21-80 Eos OR 3,000-10,000 individuals OR 10,000-50,000 acres. 
G4 = Apparently secure; this rank is clearly lower than G3 but factors exist to cause some concern; i.e., there is 

some threat, or somewhat narrow habitat. 
G5 = Population or stand demonstrably secure to ineradicable due to being commonly found in the world. 
SUBSPECIES LEVEL 
Subspecies receive a T-rank attached to the G-rank. With the subspecies, the G-rank reflects the condition of 
the entire species, whereas the T-rank reflects the global situation of just the subspecies or variety. For 
example: Chorizanthe robusta var. hartwegii. This plant is ranked G2T1. The G-rank refers to the whole species 
range i.e., Chorizanthe robusta. The T-rank refers only to the global condition of var. hartwegii. 
 

STATE RANKING 
The state rank (S-rank) is assigned much the same way as the global rank, except state ranks in California often 
also contain a threat designation attached to the S-rank. 
S1 = Less than 6 Eos OR less than 1,000 individuals OR less than 2,000 acres 

S1.1 = very threatened 
S1.2 = threatened 
S1.3 = no current threats known 

S2 = 6-20 Eos OR 1,000-3,000 individuals OR 2,000-10,000 acres 
S2.1 = very threatened 
S2.2 = threatened 
S2.3 = no current threats known 

S3 = 21-80 Eos or 3,000-10,000 individuals OR 10,000-50,000 acres 
S3.1 = very threatened 
S3.2 = threatened 
S3.3 = no current threats known 

S4 = Apparently secure within California; this rank is clearly lower than S3 but factors exist to cause some 
concern; i.e. there is some threat, or somewhat narrow habitat. NO THREAT RANK. 
S5 = Demonstrably secure to ineradicable in California. NO THREAT RANK. 
Notes: 
1. Other considerations used when ranking a species or natural community include the pattern of distribution of the 

element on the landscape, fragmentation of the population/stands, and historical extent as compared to its modern 
range. It is important to take a bird's eye or aerial view when ranking sensitive elements rather than simply counting 
element occurrences. 

2. Uncertainty about the rank of an element is expressed in two major ways:  By expressing the ranks as a range of values: 
e.g., S2S3 means the rank is somewhere between S2 and S3. By adding a ? to the rank: e.g., S2? This represents more 
certainty than S2S3, but less certainty than S2. 

Other symbols:   
GH All sites are historical; the element has not been seen for at least 20 years, but suitable habitat still exists (SH = All 
California sites are historical). 
GX All sites are extirpated; this element is extinct in the wild (SX = All California sites are extirpated). 
GXC Extinct in the wild; exists in cultivation. 
G1Q The element is very rare, but there are taxonomic questions associated with it. 
T Rank applies to a subspecies or variety. 
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CALIFORNIA RARE PLANT RANKING 
List 1A:  presumed extinct in California 
List 1B:  rare, threatened or endangered in California and elsewhere. 
List 2:    rare, threatened or endangered in California but more common elsewhere. 
List 3:    need more information about this plant 
List 4:   limited distribution (watch list) 
 

The growth form of a plant is a key characteristic in determining whether it will be adversely 
affected by the treatments. Plants in these tables which are rhizomatous, perennial, or bulbiferous 
herbs all contain significant amounts of their biomass underground where it is protected from the 
potential impacts of prescribed burning explained earlier. Mechanical treatments could still impact 
underground portions of plants directly through tilling or brushraking and indirectly through 
compaction or the heat generated by large burn piles, but the areal extent of such effects is just a small 
portion of the mechanically treated area, which is itself a small portion of the habitat as a whole.  

Also, many of the shrub species listed, such as the manzanita and ceanothus varieties are vigorous 
sprouters adapted to fire and would be very unlikely to suffer significant long-term effects from the 
treatments. All the community types listed, except Central Maritime Chaparral, are either unlikely to 
be in the treatable landscape or are specifically riparian associations that would be protected by the 
MMRs and mitigations. The annual herbs have the greatest chance of being adversely affected, and 
consequently these need to be the focus of any project level plant database searches, field surveys and 
ensuing mitigations. 

The number of element occurrences in BIOS is strongly affected by the number of development 
projects requiring CEQA analysis that have occurred in that bioregion. This is why the Bay Area and 
South Coast have so many more occurrences than the Modoc, for example. It does not necessarily 
mean that individuals of that species would not be found in the Modoc. For this same reason, many of 
the special status plants in the tables above could occur within the program area beyond where they 
have been reported to date. If their specific habitat needs exist on a proposed project, there is the 
potential to adversely affect that plant unknowingly. The MMR’s take this into account by requiring the 
applicant to conduct scoping including an appropriate database search. From this list, the project 
proponent determines whether suitable habitat is present and whether proposed actions may 
adversely affect rare plants should they occur. A botanical survey during the appropriate blooming 
period may be required to determine presence/absence and develop appropriate avoidance or 
mitigation strategies. This information will then be provided to the wildlife agencies for comments and 
recommendations. 
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Table 5.5.3.22   
Total and Decadal Treated Acres in Oak Woodlands by Bioregion 

  
Klamath/   

North Coast Modoc 
Sacramento 

Valley 
Sierra 

Nevada 
Bay Area / 

Delta 
San 

Joaquin 
Central 
Coast Mojave 

South 
Coast 

Colorado 
Desert 

Total for 
Bioregion 

Total Acreage of Oak 
Woodlands 2,588,162 351,117 545,100 2,912,009 1,128,614 92,062 1,725,077 45,951 429,828 8,851 9,826,772 

Prescribed Fire Acres 33,941 19,570 83,924 86,730 30,975 6,672 63,852 2,919 10,355 853 339,792 

% of Lifeform Area 1.31% 5.57% 15.40% 2.98% 2.74% 7.25% 3.70% 6.35% 2.41% 9.64% 3.46% 

Mechanical Acres 11,505 6,648 28,449 29,400 10,500 2,262 21,645 991 3,517 289 115,205 

% of Lifeform Area 0.44% 1.89% 5.22% 1.01% 0.93% 2.46% 1.25% 2.16% 0.82% 3.27% 1.17% 

Hand Treated Acres 6,329 3,692 15,647 16,170 5,775 1,244 11,905 551 1,954 159 63,425 

% of Lifeform Area 0.24% 1.05% 2.87% 0.56% 0.51% 1.35% 0.69% 1.20% 0.45% 1.80% 0.65% 

Herbicide Acres 5,753 3,325 14,224 14,700 5,250 1,131 10,822 496 1,759 145 57,604 

% of Lifeform Area 0.22% 0.95% 2.61% 0.50% 0.47% 1.23% 0.63% 1.08% 0.41% 1.63% 0.59% 

Herbivory Acres 6,574 3,692 16,256 16,800 6,000 1,292 9,276 551 1,954 54 62,450 

% of Lifeform Area 0.25% 1.05% 2.98% 0.58% 0.53% 1.40% 0.54% 1.20% 0.45% 0.61% 0.64% 

TOTAL ACREAGE 64,103 36,926 158,500 163,800 58,500 12,600 117,500 5,508 19,539 1,500 638,476 

 % of Lifeform Area 2.48% 10.52% 29.08% 5.62% 5.18% 13.69% 6.81% 11.99% 4.55% 16.95% 6.50% 

 
Calculations of the area of “Oak Woodlands” in this table were based on WHR classification. The two WHR Life forms “Hardwood Woodland” and “Hardwood 
Forest” were combined for this representation of “Oak Woodlands”. The WHR Lifeform “Hardwood Woodland” includes the following vegetation types: Blue 
Oak Woodland, Blue Oak Foothill Pine, Coastal Oak Woodland, Eucalyptus, HDW, Valley Foothill Riparian, Valley Oak Woodland. The WHR Lifeform “Hardwood 
Forest” includes the following vegetation types: Aspen, Montane Hardwood, Montane Riparian. 
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Oak Woodlands 
Although the effects of treatments are common between the bioregions, the extent of treatments 

between bioregions varies. The greatest number of acres of oak woodlands are likely to be treated in 
the Central Coast, Sacramento Valley and Sierra Nevada bioregions with over 115,000 acres treated in 
each bioregion over 10 years (Table 5.5.3.22). Proportionally, oak woodlands in the Sacramento Valley 
bioregion are likely to receive the most treatment at nearly 30% of the bioregion treated in a 10 year 
period, a significant portion (14%) of the San Joaquin bioregion will also be treated. The Modoc, San 
Joaquin, Sierra Nevada and Sacramento Valley bioregions are also home to a significant portion of the 
State’s blue and valley oak populations, which are known to have regeneration problems. 

In all bioregions1 except the Modoc, San Joaquin and Sacramento Valley the proportion of oak 
woodlands treated is less than 7% of the total oak woodlands in the bioregion over a ten year period 
(Table 5.5.3.22). For the bioregions where a small proportion of the oak woodlands are treated, 
impacts to regeneration are likely to be insignificant at the bioregional level.  

However, in the San Joaquin and Sacramento Valley bioregions, impacts to regeneration at the 
bioregional level could be significant due to the following factors: 

• 15 to 30% of the oak woodlands in each bioregion could be treated in a ten year time period  
• 80% of treatments used are likely to retard regeneration by 10+ years  
• blue oak and valley oak woodlands are concentrated in these bioregions and are known to have 

especially poor natural regeneration rates. 

Additionally, oak woodlands in the Sierra, Sacramento and San Joaquin bioregions are at the 
highest risk of conversion due to development and agriculture (Gaman and Firman, 2006) 

Sudden Oak Death (SOD) 
The main mechanism by which VTP treatments could affect the distribution of P. ramorum is 

through transport on equipment or personnel of spores, infected vegetative material, or drafted water 
to or from treatment sites. In VTP treatments all vegetative material typically is disposed of or left on 
site, but there could be accidental transport of vegetative materials off-site via chips, foliage, soil, 
water, etc. Burning vegetative material on site poses no risk of spread since the organism is killed in 
the fire. The risk of spreading the disease is higher if treatments are conducted during the wet season. 

Although the primary mode of spreading P. ramorum is through the air (Rizzo et al., 2005), there is 
a significant risk of accidental transport of infected material between sites within the quarantine areas 
if equipment and personnel are not cleaned and disinfected before leaving any SOD infected site. 

Eradicating SOD host species or infected individuals within a stand is not a stated goal of the VTP 
(Chapter 1) and is unlikely to inadvertently result from typical VTP treatments. However, VTP projects 
can be designed to intentionally target P. ramorum host species or infected individuals while meeting 
the goals of fuel hazard reduction or stand improvement. There is hope that reducing the density of 
host species, particularly California bay (Umbellularia californica), may reduce the rate of spread of the 
disease, which would be a beneficial effect of treatment (Rizzo et al., 2005). 

                                                 
1 Mojave and Colorado Desert Bioregions were not considered in this analysis due to scarcity of oak woodlands in these 
bioregions. 
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There is a risk of injury to workers in areas infested with SOD due to high incidence of failure of 
both tanoak and coast live oak boles and branches. Boles and branches become weakened due to the 
presence of wood-decaying fungi associated with P. ramorum and require highly skilled operators to 
remove them safely.  

Infested areas with high mortality rates typically result in high loading of dead fuels in the forest. 
Requests for VTP projects may be increased in these areas to reduce fuel hazards. This issue is likely to 
increase in the future as only 9.7% of the land area with susceptible host species in California was 
predicted to harbor P. ramorum as of 2007 and the disease is expected to continue to spread  
(Meentemeyer, 2007).  

As of October 2011, the only bioregions where SOD is currently found are the Klamath/North 
Coast, Bay Area/Delta and Central Coast. There is a state and federal quarantine preventing transport 
of infected materials from the infected 14 counties to areas outside the infected counties. Despite the 
quarantine, it is possible that SOD could expand to other bioregions via movement of infested soil or 
plant parts by humans, as well as natural spread via wind or other dispersal routes.  

Indirect Effects of Implementing the Program/Alternatives 
Indirect effects of implementing the Program and Alternatives are potentially associated with 

improved forage conditions for the livestock industry through changes to oak woodland/rangeland 
understory species composition and extent. The effects are considered to be positive and minor.  

There is hope that removing understory host vegetation and modifications to the microclimate will 
have a negative effect on P. ramorum survival. In one recent (2006) experiment where currently 
infested stands were treated with a modified fuel hazard reduction treatment that included removal of 
all bay trees (primary host) it is hypothesized that there will be a decrease in pathogen 
persistence/survival in these stands (Valachovic pers. comm. 2007). Therefore it is possible that VTP 
treatments may yield a positive outcome by decreasing survival of SOD in treated areas. 

5.5.3.6   Effects of Alternatives  

Alternative 1, Status Quo, would treat substantially fewer acres than the proposed program, but it 
lacks some of the MMRs and mitigations of the proposed program. However, since the impacts to 
botanical resources are primarily a function of the acres treated, the overall impact of Alternative 1 
would still be less than the program since it only treats 47,000 acres annually as opposed to 216,910 
acres. 

Alternative 2 has all the same constraints as the proposed program and has about 6% more 
prescribed fire treatments and about 20% more mechanical treatments. This would lead to the 
potential for significantly greater effects from this alternative, but the extra 20% of mechanical 
treatments would be geographically dispersed throughout the state and would not affect the % of 
Lifeform numbers in Tables 5.5.3.12 through 5.5.3.21 in any one bioregion enough to cause significant 
effects in the long-term. 

Alternative 3 has almost the same acres treated as the proposed program but with additional 
protections to reduce impacts on water quality and on special status species and communities and 
would therefore have less impact than the proposed program. Alternative 4 treats much fewer acres 
with prescribed fire and mechanical methods than does the proposed program and would therefore 
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pose no long-term significant adverse effects. 

Effects of implementing treatments on oak woodlands under implementation of any of the 
alternatives are similar to the Proposed Program. Alternative 3 includes the same mix of treatments 
and the same number of acres being treated as the Proposed Program but has additional protections 
to reduce impacts on water quality and on special status species and special status plant communities. 
Alternative 2 also is similar to the Proposed Program except that herbicides would not be used. As 
noted above, herbicide-treated acreage is included in the total acreage shown in Table 5.3.2 above, but 
the effects of treating forest and rangelands are described in Section 5.17. Alternatives 1 and 4 use the 
same treatments as the Proposed Program but they are applied to substantially fewer acres than 
either the Proposed Program or Alternatives 2 or 3. 

5.5.3.7   Determinations Regarding Botanical Resources  

Although it is difficult to specify exactly what proportion of a plant’s habitat would have to receive 
adverse treatments in a given year or decade to cause substantial adverse long-term effects to the 
population, it is safe to say that the proposed program does not approach the threshold of 10-20% 
used in this analysis. In fact, most of the decadal acreages shown could increase significantly, and stay 
well below this threshold. 

Only in the Sacramento Valley and the hardwood woodland type in the San Joaquin bioregion does 
the level of potentially adverse treatments in a lifeform exceed 1% in a single year or 10% in 10 years 
(as noted previously some hardwood forest and woodland acres were erroneously included in the 
Mojave and Colorado Desert bioregions, CalPIF, 2002). An important consideration in determining 
what level would trigger substantial adverse effects is that effects from an individual treatment are 
varied and may be positive, negative, or neutral within a plant community. Also, projects will be 
distributed amongst watersheds to ensure that the 1% or less of treatments in a lifeform will not be 
concentrated in a small section of a bioregion, as shown in Table 5.0.7.  

Within the Colorado Desert bioregion, the shrub type is anticipated to receive 3,192 acres of 
prescribed fire and mechanical treatments on average annually, representing 1.14% of this habitat 
type. While this is possibly enough area to have a significant impact after a decade of treatments, the 
mitigation measures outlined below along with the MMRs will reduce the impacts to less than 
significant.  

Within the San Joaquin bioregion, the shrub type is expected to receive 581 acres of prescribed 
fire and mechanical treatments on average annually, representing 0.6% of this habitat type. While this 
would not normally be enough area to cause concern, there are two community types within the shrub 
lifeform with a state rank of “very threatened” (Valley sink scrub & Valley salt-bush scrub) that deserve 
special consideration (see Table 5.5.3.17 and discussion following). It is expected that consultation with 
DFG at the project level will enable modifications to the project design which along with the MMRs and 
the mitigation measures outlined below will reduce the impacts to less than significant. 

In the Sacramento Valley the proportion of habitats treated is consistently higher than for the 
other bioregions. This is due to the fact that the bioregion is much smaller than any other, yet it has 
the third most acres projected for treatment annually. CAL FIRE's vegetation management program has 
traditionally been more active in this region leading to greater landowner participation in the program, 
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but some of the numbers are simply a modeling anomaly. Table 5.5.3.4 shows that 21,800 acres of 
Hardwood Forest type would be treated per decade. This equates to 120% treatment of the type in 10 
years. In reality this would not happen due to program logistics and adherence to the required 
mitigation measures. The table also shows 28.3% of the shrub type being treated by either prescribed 
fire or mechanical methods per decade. While this would likely be enough area to have substantial 
adverse effects, the mitigation measures outlined below along with the MMRs would cause proposed 
projects to be shifted into other more abundant habitat types or adjusted such that the project 
avoided direct impacts to the plant community being treated. This will reduce the impacts to less than 
significant. 

In summary, the program/alternatives will not have a substantial long-term adverse effect, either 
directly or through habitat modifications, on any species identified as a candidate, sensitive, or special 
status plant species in local or regional plans, policies, or regulations, or by the California Department 
of Fish and Game or U.S. Fish and Wildlife Service. Due to implementation of MMR 5 and the 
mitigation measures to protect particular habitats, VTP treatments will not adversely affect sufficient 
acres in any bioregion or habitat type to violate any state or federal wildlife protection law (a threshold 
of significance). As a result, the Program will have less than significant impacts to botanical resources. 

The program/alternatives will not have a substantial adverse effect on any riparian habitat or 
other sensitive natural community identified in local or regional plans, policies, and regulations or by 
the California Department of Fish and Game or US Fish and Wildlife Service. Compliance with 
landscape constraints 1-3 dealing with riparian and wet areas and compliance with the mitigation 
measures to protect particular habitats, will ensure that VTP treatments do not adversely affect 
sufficient acres in any bioregion or habitat type to threaten to eliminate any plant community (a 
threshold of significance). As a result, the Program will have less than significant impacts to this 
resource. 

Compliance with landscape constraints 1-3 dealing with riparian and wet areas will ensure that the 
program/alternatives will not have a substantial adverse effect on federally protected wetlands, as 
defined by Section 404 of the Clean Water Act (including, but not limited to, marsh, vernal pool, 
coastal, etc.). As a result, the Program will have less than significant impacts to wetlands. 

The program/alternatives will not conflict with any local policies or ordinances protecting 
biological resources, such as a tree preservation policy or ordinance. 

The program/alternatives will not conflict with the provisions of an adopted Habitat Conservation 
Plan, Natural Conservation Community Plan, or other approved local, regional, or state habitat 
conservation plan. 

Because of adherence to MMR 5 as well as the small proportion of habitats treated in most 
bioregions, the program/alternatives will not contribute directly (through immediate mortality) or 
indirectly (through reduced productivity, survivorship, genetic diversity, or environmental carrying 
capacity) to a substantial, long-term reduction in the viability of any native species or subspecies at the 
state level (a threshold of significance). Managers’ control over the season, size and frequency of 
prescribed burning will also contribute to keeping any adverse effects below this threshold. Adverse 
effects on small portions of well-distributed populations will not affect the species as a whole and, 
therefore, the impact is considered less than significant. In the Sacramento and San Joaquin bioregions 
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where the proportion of habitats treated is higher, mitigation measures specific to these regions will 
ensure that program/alternative impacts remain less than significant. These procedures combined with 
the geographically dispersed nature of the program mean that at the programmatic scale, the impact 
to special status plant populations as a whole will be less than significant. 

Impacts to mature overstory oaks (> 8 inches dbh) due to implementing the program or 
alternatives is expected to be negligible or slightly positive. Reduced understory competition for site 
resources is expected to benefit overstory oak trees. Reduced volumes of shrub and ladder fuels in the 
understory are expected to reduce the risk of high severity wildfire injuring or killing overstory oaks.  

Impacts to oak regeneration due to VTP treatments could be significant in oak woodlands that are 
known to have insufficient regeneration rates under current conditions: blue oak, valley oak and coast 
live oak. In bioregions where the proportion of oak woodlands treated is small this effect will not be 
significant at the bioregional level. However, in the San Joaquin and Sacramento Valley bioregions 
where the proportion of oak woodlands proposed for treatments is high, the impact to regeneration is 
likely to be significant, unless mitigated. Therefore, Mitigation Measures 5.5.3-6 and 5.5.3-7 were 
developed to reduce the impacts to less than significant. 

If standard Best Management Practices (BMPs) are followed to prevent spread of Sudden Oak 
Death on personnel or equipment it is unlikely that implementation of VTP projects will have a 
significant impact on the spread of Sudden Oak Death. 

5.5.3.8   Mitigation Measures and Checklist Items 

The following mitigation measures will help ensure that impacts from VTP treatments remain less 
than significant: 

Mitigation Measure 5.5.3-1. For fire-adapted special status plants, the timing or intensity of prescribed 
burns shall be adjusted and incorporated into Burn Plan prescriptions to simulate the natural fire 
regime. The project will be burned in a pattern to create and maintain a mosaic of old and young growth 
chaparral with diverse habitat structures.  
 
Rationale: Prescribed fire treatments that do not mimic the natural regime may adversely affect the 
reproductive capability or viability of a plant community over the long-term or directly affect individual 
special status plants. Prescribed burning may result in direct mortality or lowered reproductive success 
of populations or individuals of plants if the burn treatment occurs during the flowering season of the 
species, at a greater frequency than under natural conditions, or among species that lack adaptations 
to fire (i.e., fire-inhibited). It is particularly important to avoid spring burns where there may be rare 
flowering plants. Adjusting firing patterns or installing control lines can protect individuals of these 
species. The loss of a substantial portion of a special status plant community would be a significant 
impact. Implementation of this mitigation measure will reduce impacts to a less-than-significant level. 
 
Mitigation Measure 5.5.3-2.  Prescribed fire ignition and timing techniques that result in “cool 
prescribed burns” shall be used for sagebrush, low sage, bitterbrush, pinyon-juniper, and juniper 
vegetation types with well-established associations of cheatgrass, medusa-head or other invasives in 
order to prevent type conversions to cheatgrass or medusa-head. These techniques shall be 
incorporated into Burn Plan prescriptions. 
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Rationale:  The prescriptions will require that sufficient shrub or tree cover is maintained to ensure 
that the area will not be converted to a cheatgrass grassland. Implementing this mitigation measure 
will reduce the impact on these vegetation types to a less-than-significant level. 
 
Mitigation Measure 5.5.3-3.  Mechanical treatment shall be avoided to the greatest extent possible in 
special status plant communities with a state rank of 3.2 or lower. If mechanical treatment cannot be 
avoided, impacts will be mitigated on an acre-for-acre basis by enhancing or restoring the same 
community type elsewhere in the region. 
 
Rationale: Implementing this mitigation measure will reduce the impact on special status communities 
to a less-than-significant level.  
 
Mitigation Measure 5.5.3-4.  A 50’ equipment exclusion zone shall be established around vernal pools. 
DFG shall be notified of the existence of vernal pool habitat in the project area to alert them to the 
potential for special status plants.  
 
Rationale:  Implementing this mitigation measure will reduce the impact on vernal pools to a less-than-
significant level. 
 
Mitigation Measure 5.5.3-5. DFG or a qualified biologist shall be consulted during project development 
when treatments are proposed in maritime chaparral habitat.  
 
Rationale:  Due to the large number of endemic plants and the sensitivity of this habitat type to 
treatments, any projects proposed here need to be designed and approved by scientists 
knowledgeable about maritime chaparral. Implementing this mitigation measure will reduce the 
impact on maritime chaparral to a less-than-significant level. 
 
Mitigation Measure 5.5.3–6.  For oak woodland types known to have insufficient natural regeneration 
rates (blue oak, valley oak and coastal live oak as of 2007) implementation of VTP projects could have 
substantial adverse effects. In these cases prescriptions for VTP treatments shall require that no more 
than 25% of oak regeneration on site prior to treatment be top-killed during treatment. Mitigation 
measure effectiveness shall be verified with pre and post-treatment seedling/sapling surveys 
conducted by CAL FIRE. 
 
Rationale:  Measures to avoid damaging oak regeneration may include: 
 

1) Identifying and buffering locations of seedling and saplings prior to treatment. Selective 
hand treatments to achieve VTP objectives can be used where the presence of seedlings 
makes other treatments infeasible. Areas determined to be lacking any seedlings could be 
treated using prescribed fire or mechanical methods.  
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2) In the case of grazing, cages or T-post staked tree shelters around established seedlings and 
saplings may be installed. Alternately, early season grazing could be used when the 
likelihood of browse damage to oak seedlings is minimal. 

 
3) Where damage exceeded 10% top kill, regeneration could be augmented at a 4:1 ratio of 

top killed trees. First choice should be planting acorns collected on or near the site. Planted 
seedlings would need to be similar in size and of the same species as the top killed trees 
and maintained until they became established. CAL FIRE will be responsible for ensuring 
maintenance of planted seedlings. 

 
Mitigation Measure 5.5.3-8.  Current Best Management Practices (BMPs) shall be followed to prevent 
spread of sudden oak death on personnel or equipment. A list of current BMPs may be found at 
SuddenOakDeath.org or by linking directly to the following website: http://nature.berkeley.edu/ 
comtf/pdf/forestry4-08.pdf 
 
Mitigation Measure 5.5.3-9.  For treatments in or near a sudden oak death-infested area the 
recommendations of the CAL FIRE state pathologist and/or the most recent recommendations of the 
California Oak Mortality Task Force shall be followed. 
 
Checklist Item:  Have wet areas within the project area been surveyed for and protected including 
bogs, fens, springs and vernal pools? 
 
Checklist Item:  Has the project area been surveyed for any serpentine inclusions? These need to be 
mapped for the possibility of special status plant occurrences. 
 
 

http://nature.berkeley.edu/
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5.5.4 Invasive Non-native Plants   

This section covers the impacts from invasive non-native plants, whose presence or increase in 
population could be related to VTP projects.  

Under California law, certain invasive non-native plants are designated as noxious weeds 
(California State-listed Noxious Weeds) because they are, or are likely to be:  

“troublesome, aggressive, intrusive, detrimental, or destructive to agriculture, 
silviculture, or important native species, and difficult to control or eradicate” (Title 3 
CCR, FAC 5004).  

These noxious weeds are ranked by the California Department of Food and Agriculture as A, B, 
C, or Q (refer to http://www.cdfa.ca.gov/phpps/ipc/noxweedinfo/noxweedinfo_hp.htm for most 
current list) which denotes the appropriate action (eradication, containment, etc.) to be taken when 
such species are detected. 

In addition to designated noxious weeds, there are invasive non-native plants, termed “non-
noxious invasive weeds”, that may have a significant negative impact on natural ecosystems. The 
nonprofit California Invasive Plant Council (Cal-IPC), in its “California Invasive Plant Inventory, Feb 
2006”, maintains a database of these weeds. More information on invasive plants and levels of 
concern can be found at www.cal-ipc.org/inventory/weedlist.php 

5.5.4.1 Significance Criteria 

Based on Appendix G of the CEQA Guidelines, an impact from invasive non-native plants would 
be considered significant if the Proposed Program or the Alternatives would: 

a) Have an adverse effect, either directly or through habitat modification, on any species 
identified as a special status species in local or regional plans, policies, or regulations, or by 
the California Department of Fish and Game or U.S. Fish and Wildlife Service. 

b) Have an adverse effect on any riparian habitat or other sensitive natural community 
identified in local or regional plans, policies, and regulations or by the California Department 
of Fish and Game or US Fish and Wildlife Service. 

c) Create a public nuisance. 

5.5.4.2   Determination Threshold 

Impacts from the implementation of the program/alternatives can be beneficial or adverse but 
would be considered “significant” if: 

a) The net effect in a local project area was a substantial increase in the population of invasives 
AND this occurred on over 10% of a WHR Lifeform in a bioregion. 

Under the Federal Endangered Species Act, activities may not result in the take, direct or 
indirect, of a special status species. Direct take involves the killing of a special status plant or animal. 
Indirect take includes the alteration of habitat, harassment, and any other activity that may 
contribute to the reduction in numbers of a special status species. Only indirect take, due to 
alteration of habitat by invasive non-native species, is applicable to activities affecting special status 
species under the Proposed Program or the Alternatives. 

http://www.cdfa.ca.gov/phpps/ipc/noxweedinfo/noxweedinfo_hp.htm
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5.5.4.3  Data & Assumptions 

The reduction of noxious weeds and non-native invasive plants is an explicit goal of the 
Proposed Program as stated in Section 1.7 of this EIR. It is assumed that the environmental effects 
from VTP treatments that are intended to reduce the populations of, or eradicate, non-native plants 
are addressed in the appropriate subsections of Chapter 5. These VTP treatments targeting 
invasives will primarily be herbicide applications, but in some instances prescribed fire, grazing or 
hand treatments will be used. 

The impacts from non-native invasive species are analyzed by changes in the structure and 
composition of these populations in relation to vegetation in the dominant natural plant community 
types. The effects of VTP projects can be analyzed as long as they are distinguishable from 
presumed changes in the pre-existing plant community composition without any VTP projects. The 
additive effects of past actions (such as wildfire suppression, timber harvest, mining, nonnative 
plant introductions, and ranching) have shaped the present landscape and corresponding 
populations of special status and invasive species.  

For purposes of this analysis, beneficial effects are those where invasive non-native plants are 
either eradicated or their abundance and diversity are significantly reduced in relationship to native 
species. A significant beneficial impact would be a major reduction of invasive non-native plant 
populations sufficient to enable the natural plant community to dominate treated areas within the 
short-term (2-5 years).  

Adverse effects are those where invasive non-native plants are able to either successfully 
invade or reinvade treatment areas and establish viable populations, either because the treatments 
prepared hospitable site conditions or left viable populations of invasive non-native plants intact 
and able to increase in extent. A significant adverse impact would be a major increase in population 
sufficient to enable invasive non-native plants to dominate the natural plant community within the 
short-term (2-5 years). 

There are several landscape constraints and minimum management requirements (MMRs) 
described in Chapter 2 which will limit the potential impact from invasive species resulting from the 
implementation of projects. These include watercourse buffer zones, protection of special status 
plants & populations through DFG consultation, utilization of an integrated pest management 
approach, and utilization of only weed free straw and mulch. Additionally, MMR 14 requires that 
grazing animals used for prescribed herbivory “be confined to forage that is free of invasive plants or 
seeds for at least four days before being introduced into project areas”, which will help to reduce 
the potential spread of invasives.  

The discussion in this section focuses on potential impacts that could occur even if all the 
constraints and MMRs are adhered to. The botanical resources section has already analyzed the 
potential impacts to special status plants and communities from program implementation and 
determined that the impacts are less than significant. The essential question for this section is 
whether or not the resulting spread of invasive species from particular VTP projects will be enough 
to push the conclusion regarding botanical resources to ‘significantly adverse’. 
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5.5.4.4   Direct & Indirect Effects Common to all Bioregions From Implementing the Program/ 
Alternatives 

See Section 4.5.4 for a background on invasive plants in California rangelands. 

Invasive non-native plant species can be threats to natural habitats in California. Many of these 
species colonize habitats following ground disturbance when seeds are introduced from regions 
where these species are common. The introduction of invasive non-native species into natural 
habitats is considered a potentially significant impact.  

Most notably, invasions have altered fuels, and therefore fire regimes, in many ecosystems. 
Grasslands previously characterized by frequent surface fires have been converted to shrublands 
and woodlands as fire suppression has facilitated establishment of native woody plants. 
Concomitant alterations in fuel have decreased fire frequencies in former grasslands, and have 
contributed to high-intensity crown fires in some woodlands (McPherson, 2002). Fire can also 
facilitate non-native plant invasion by reducing competition from native species and increasing the 
availability of soil nutrients.  

Invasive plant species occur predominantly in plant communities subject to periodic natural 
disturbance such as stream channels, in areas adjacent to development (e.g., coastal bluffs, coastal 
terrace, valley bottoms), and in areas where native species cover and natural regeneration has been 
displaced, thereby providing an opening for non-native species invasions (USDI National Park 
Service, 2005). This situation can occur as a result of some VTP projects, particularly prescribed 
burning and associated fire lines. An unintended consequence of extensive fuel break construction 
and maintenance may be the establishment of non-native plant species.  

Although there is some variability in numbers and types of invasive plants between bioregions, 
all bioregions contain non-native plants with the potential to act as seed sources for the spread of 
invasives. Table 5.5.4.1 shows the number of state-listed invasive species by life form and bioregion.  
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Table 5.5.4.1           
State-Listed Invasive Species by Lifeform & Bioregion 
Noxious    Bioregion 
Weed Life  North Modoc Sacto Sierra Bay San Joaquin Central Mojave South Colorado 
Rating Form Habitat Coast  Valley  Delta Valley Coast  Coast Desert 

A Forb disturbed areas, fields, rangelands, grasslands, roadsides 19 14 19 16 22 17 20 13 11 2 
    lakes, ponds, wet areas 2 1 1 3 2 2 4 5 4 2 
    sandy washes   1 1 1  1 1 1 1 
    scrubland 1 1 1 1   1 1 1  
    woodlands/forest  (damp areas)         1  
  Grass disturbed areas, fields, rangelands, grasslands, roadsides    1 1 1 1 1 2 1 
  Shrub scrubland   3 1 3 3  2 3 3 
    lakes, ponds, wet areas       2    
B Forb disturbed areas, fields, rangelands, grasslands, roadsides 19 9 26 19 28 18 25 13 19 5 
    wet meadows, riparian 3  3 3 2 4 2 1 3 1 
    sandy washes  3    1 3 1 1  
    scrubland 1  1 1 1      
    woodlands/forest  (damp areas) 1    2 1 1    
    cultivated    1       
  Grass disturbed areas, fields, rangelands, grasslands, roadsides 9 3 8 10 9 7 6 8 8 6 
  Shrub scrubland 2 2 2 2 3 1 2 1 2  
    lakes, ponds, wet areas 1  1 1 1 1 1 1 1 1 
  Tree woodlands/forest  (damp areas) 1 1 5 3 3 4 4 3 5 2 
C Forb disturbed areas, fields, rangelands, grasslands, roadsides 9 3 10 10 8 10 8 9 7 2 
    wet meadows, riparian 6  8 6 7 7 7 6 6 1 
    sandy washes  1         
    scrubland 1  1 2 1 1 1 1 1  
    woodlands/forest  (damp areas) 1   1 1 1 3 2 2  
    parasitic 1 1   1 1 1 1 1 1 
  Grass disturbed areas, fields, rangelands, grasslands, roadsides 3 2 4 4 7 4 5 3 5 2 
  Shrub scrubland 1  1 1 1 1 1 1   
    woodland, forests 1  1 1 1 1 1  1  
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  Tree woodlands/forest  (damp areas)    1 1 1 1 1 1  
Q Forb disturbed areas, fields, rangelands, grasslands, roadsides 1  1 1 2 2 6 4 5  
    wet meadows, riparian 2  2  3 2 3 1 3  
    sandy washes 1 1 1 1 1 1 1 1 1 1 
    woodlands/forest  (damp areas)       1    
    parasitic      1     
  Grass disturbed areas, fields, rangelands, grasslands, roadsides     1  2  1  
    wet meadows, riparian       1    
  Shrub scrubland   1  1 1 1  2  
  Tree woodlands/forest  (damp areas)     2 2   2  
    Habitat Total 87 49 102 92 117 97 117 82 101 31 
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Effects from Fuel Break Construction and Maintenance 
Disturbance is considered one of the primary factors promoting non-native invasion (Rejmanek, 

1989, Hobbs and Huenneke, 1992), and a number of studies have documented an association of 
non-native plant species with disturbed areas similar to fuel breaks, such as logging sites, roads, 
trails, and pipeline corridors (D’Antonio, 1999). 

In many cases, non-native species are well adapted to fire and can invade fire-prone 
ecosystems, particularly when natural fire regimes have been altered through fire suppression, 
increased human-caused ignitions, or by feedback effects from changes in plant species composition 
(D’Antonio and Vitousek, 1992, Brooks et al., 2004). Merriam et al., 2006 conducted a study of plant 
species composition on fuel breaks in a variety of habitats around California. They found that non-
native plants were present in 49% of the study plots, but differed significantly between vegetation 
types. Fuel breaks in coastal scrub habitats had the highest relative non-native cover (68.3% +/- 
4.0%), followed by chaparral (39.0% +/- 2.4%), oak woodland (25.0% +/- 2.5), and coniferous forests 
(4.0% +/- 1.1%) (Merriam et al., 2006). 

Fuel breaks thinned with rubber-tired logging equipment and chainsaws had significantly lower 
relative non-native cover than fuel breaks constructed by either bulldozers or hand crews. It is 
apparent that bulldozers scraping off the duff layer and/or topsoil created conditions favorable to 
invasives, but why non-native cover was higher in fuel breaks constructed by hand crews is not so 
clear. The study found that environmental variables significantly associated with non-native species 
presence and abundance, including overstory canopy, litter cover, and duff depth, were significantly 
lower on fuel breaks than in adjacent wildlands. These findings suggest that fuel break construction 
and maintenance strategies that retain some overstory canopy and ground cover may reduce the 
establishment and widespread invasion of non-native plants (Merriam et al., 2006). It also suggests 
that fuel break maintenance projects may need to include noxious weed eradication as an integral 
component.  

Other relevant conclusions of their study are that non-natives become increasingly dominant 
over time and may thrive on fuel breaks because they can more easily tolerate frequent 
disturbances caused by fuel break maintenance. Fuel breaks may act as points of introduction for 
non-natives because they receive external inputs of nonnative seeds through vehicles, equipment, 
or humans traveling on them (Schmidt, 1989; Lonsdale and Lane, 1994). Equipment may disperse 
the seeds of non-native plants into fuel breaks during construction and maintenance. The 
establishment of alien plants within fuel treatments is a serious concern because many treated 
areas extend into remote, pristine wildland areas. If alien species can establish a seed source in fuel 
breaks, adjacent wildland areas might become be more susceptible to widespread invasion, 
particularly following widespread disturbances such as natural or prescribed fires (Merriam, Keeley 
& Beyers, 2006). 

Effects from Prescribed Burning 
Fire can be used to either control invasive species or to restore historical fire regimes. However, 

the decision to use fire as a management tool must consider the potential interrelationships 
between fire and invasive species. Historical fire regimes did not occur in the presence of many 
invasive plants that are currently widespread, and the use of fire may not be a feasible or 
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appropriate management action if fire-tolerant invasive plants are present (Brooks & Pyke, 2001). 
The use of prescribed burning to reduce non-native plant populations can be complicated by the 
positive effect of fire on many invasive plants, and the subsequent effects of invasives on post-fire 
establishment by native species. In a series of controlled burns in Sequoia Kings Canyon National 
Park, Keeley and others (2003) found that non-native species respond positively to fire in conifer 
forests, and this response is greater under higher intensity fires (D’Antonio et al., 2002). This would 
mean the effects from a cooler burning prescribed fire would be preferable to the effects from a 
wildfire of higher intensity. 

Invasive alien grasses especially benefit from fire, and promote recurrent fire, in many cases to 
the point where native species cannot persist and native plant assemblages are converted to alien-
invaded annual grasslands (Brooks & Pyke, 2001). The management of fire and invasive plants must 
be closely integrated for each to be managed effectively. 

The best and most recent thorough study of the relationship between fire and invasive species 
in California is a chapter from “The Landscape Ecology of Fire” (Keeley et al., 2011). Essentially, it is 
much more complicated than previously understood. Some of the conclusions are worth including 
here. 

• Fires are natural ecosystem processes on many landscapes. Perturbations to the fire regime, 
such as increased fire frequency and fire suppression, are the real “disturbances” to these 
systems and can lead to alien plant invasions. 

• In forests, both too little fire and too much fire can enhance invasions. Restoration of historical 
fire regimes may not be the best way to balance these two risks. 

• Repeated fires in shrublands decrease fuel volumes, decrease fire intensity and increase alien 
plant invasion. Decreasing fire frequency may be the best means of reducing alien invasions. 

• Prescription burning that targets noxious species in grasslands is often not sustainable unless 
coupled with restoration. 

Effects from Mastication (Mechanical Treatments) 
Mastication treatments can also create a risk of invasive species colonization and spread. 

Mastication of surface and ladder fuels results in a short to medium term increase in fire severity 
potential. If prescribed fire were planned to follow mastication, then the potential for colonization 
by exotic species would be high due to the more severe burn that would result (Bradley et al., 
2006). Severe burns consume a much greater portion of the native vegetation, increase recovery 
time for native species, and create opportunity for non-natives to invade if they exist nearby. 
Research shows that ‘time since fire’ is the most critical factor in alien invasion and colonization. 
Apparently, it is the closed canopy of pre-fire shrublands that reduces alien populations and thus 
limits the alien seed bank present at the time of fire (Bradley et al., 2006). 

Effects from Prescribed Herbivory  
The estimated 21,000 acres/year of prescribed grazing or herbivory will have a range of 

vegetation treatment goals, with the reduction of invasive plants being an important one. The 
challenges of controlling invasive plants on rangelands include vast roadless areas that limit access 
for weed control. These challenges limit the feasibility of chemical and mechanical treatments and 
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favor use of biological control (Launchbaugh, 2006). An unknown proportion of herbivory 
treatments will target the spread of non-native species, and this proportion will vary between 
alternatives. Overall, prescribed herbivory treatments are expected to have a net beneficial effect 
on the status of non-native plant populations since they will often be used to reduce them. MMR 
14, which mitigates against the spread of non-native seeds in livestock, will minimize potential 
negative effects from the movement of animals during implementation of projects.  

Prescribed grazing is an effective technique, rivaling traditional chemical and mechanical 
control methods, for the management of deleterious invasive plants including leafy spurge, spotted 
knapweed, yellow starthistle, cheatgrass, salt cedar, and kudzu (Pittroff, 2006). Its use has been 
increasing in the last few years and is expected to be a particularly important technique in 
Alternative 2 which precludes herbicide use. Prescribed grazing is viewed as an “environmentally 
friendly” alternative to traditional methods because it leaves no chemical residue, does not utilize 
potentially toxic substances, and can mimic natural disturbance processes. 

“Current research is beginning to lay the foundation for herbivory management strategies 
capable of being (a) selective against undesired species, and (b) selective in favor of desired 
species. Thus, understanding prescribed herbivory (and prescribed fire, for that matter) as 
planned disturbances and studying their effects on plant communities has the potential to 
significantly contribute to better understanding of ecosystem level processes underpinning 
weed invasion” (Pittroff, 2006). 

There is variation in growth curves and life cycles amongst plants in all plant communities. The 
timing and intensity of herbivory can be used to fine-tune and steer grazing selectivity. In particular, 
goats are extremely selective and thus ideally positioned to become rather highly specific biocontrol 
agents (Pittroff, 2006). 

Effects of Program 
Although implementation of the Proposed Program does create the indirect effect of 

encouraging the spread of invasive species, much of this potential impact is balanced by the VTP 
projects designed to reduce or eradicate invasive species. In fact, by including both treatments that 
favor and treatments which inhibit invasive species under one program, managers have the ability 
to coordinate projects to complement each other and deal with the impacts either immediately or 
in follow up treatments. As long as the mitigation measures designed to limit invasive species are 
followed, long-term and widespread increases in their populations as a result of the proposed 
program should remain at a less than significant level. 

Proposed Program Effects and Goals 
Goal 7 directly relates to invasive species. The Proposed Program would help to achieve this 

goal directly by applying projects to eradicate invasives. In areas where other types of vegetation 
treatments are successfully implemented, following the MMRs and mitigation measures will 
minimize impacts from invasives. Restoring the natural range of fire-adapted plant communities will 
take multiple treatments spread over a significant portion of a bioregion, but when accomplished, 
this would also inhibit the spread of invasives.    
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Alternatives Effects and Goals 
Implementation of Alternative 2 would not meet goal 7 at the same rate and to the same 

extent as the Proposed Program because herbicides are the most common and inexpensive way of 
eradicating invasives. Alternative 3 would initially meet this goal at approximately the same rate and 
to the same extent as the Proposed Program. However, over the long term, Alternative 3 only treats 
about 13.7 million acres with prescribed fire and mechanical treatments which is only about 40% of 
the acres that would be treated under the Program, thus, this Alternative over the long term would 
not meet goal 7 as effectively as the Proposed Program. Alternative 1 would not meet goal 7 at the 
same rate or to the same extent as the Proposed Program since it would treat so few acres and 
substantially more acres would likely burn at high intensity, which encourages the spread of 
invasives. Alternative 4, like Alternative 1 would not meet the goal at the same rate or to the same 
extent as the Proposed Program since it would treat so few acres and substantially more acres 
would likely burn at high intensity.  

Table 5.5.2 
Summary of Effects1/ from Non-Native Invasive Species from 
Implementing the Proposed Program 
Bioregion Prescribed Fire Mechanical Hand Herbivory 
Klamath North Coast NA/NB NA/NB NA/NB NA/NB 
Modoc NA/NB NA/NB NA/NB NA/NB 
Sacramento Valley NA/NB NA/NB NA/NB NA/NB 
Sierra NA/NB NA/NB NA/NB NA/NB 
Bay Area NA/NB NA/NB NA/NB NA/NB 
San Joaquin NA/NB NA/NB NA/NB NA/NB 
Central Coast NA/NB NA/NB NA/NB NA/NB 
Mojave NA/NB NA/NB NA/NB NA/NB 
South Coast NA/NB NA/NB NA/NB NA/NB 
Colorado Desert NA/NB NA/NB NA/NB NA/NB 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or are 
within the natural range of variability, for the resource at issue. SA/SB – significant adverse effects are those 
effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. MA/MB - 
moderately adverse or beneficial effects - those effects that can be detected beyond the affected area, but are 
transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects that are 
imperceptible or undetectable. 

5.5.4.5   Effects of Alternatives 

All the alternatives would be expected to have similar effects from/to invasive species except 
for possibly Alternative 2, the “no herbicide” alternative. Alternative 2 has all the same constraints 
as the proposed program but with about 6% more prescribed fire treatments and about 20% more 
mechanical treatments. The greater amount of mechanical treatments creates the potential for 
increased spread of invasives. However, since it does not allow projects using herbicides to be 
funded, other methods would have to be used in projects treating invasives. Hand treatments using 
volunteers have proven to be effective on a small scale but would likely be impractical or too 
expensive to meet the need for non-native eradication projects statewide. Prescribed herbivory is 
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the most logical and cost effective treatment to be used for treating populations of non-native 
species under Alternative 2. The result would likely be similar to the other alternatives with only a 
negligible potential increase in non-native invasive species in any single bioregion. 

5.5.4.6   Determinations Regarding Invasive Species  

The Proposed Program and Alternatives will not cause a net substantial increase in the 
population of invasives sufficient to have a substantial long-term adverse effect on any species 
identified as a candidate, sensitive, or special status plant species in local or regional plans, policies, 
or regulations, or by the California Department of Fish and Game or U.S. Fish and Wildlife Service. 
Due to implementation of MMR 5, 13 & 14, as well as the mitigation measures outlined below, VTP 
treatments will not adversely affect sufficient acres in any bioregion to cause a negative change in 
the state rank of any special status plant species.  

The determination threshold of increasing invasive species populations on over 10% of a WHR 
Lifeform in a bioregion will certainly not be reached under any of the alternatives. Only a very few 
lifeforms, primarily in the Sacramento Valley, even have this much area treated in a decade within a 
bioregion (see Tables 5.5.3.2 through 11). In these cases virtually all VTP projects would have to 
cause increases in invasive species for this threshold to be crossed. Importantly, projects that 
specifically target invasive species will limit the potential impact from invasive species outbreaks 
facilitated by VTP projects.  

The program and alternatives will not cause a net substantial increase in the population of 
invasives sufficient to have a significant adverse effect on any riparian habitat or other sensitive 
natural community identified in local or regional plans, policies, and regulations or by the California 
Department of Fish and Game or US Fish and Wildlife Service. Compliance with Landscape 
Constraints 1-3 dealing with riparian and wet areas along with implementing projects to specifically 
control populations of invasives, will ensure that VTP treatments do not have a net adverse effect 
on sufficient acres in any bioregion or habitat type sufficient to threaten to eliminate any plant 
community. 

5.5.4.7   Mitigation Measures and Checklist Items 

Mitigation Measure 5.5.3-2 has previously been described and its implementation will help 
reduce potentially significant treatment effects due to invasives to less than significant.  

Mitigation Measure 5.5.4-1:  Equipment shall be thoroughly cleaned offsite before beginning 
ground-disturbing activities when such equipment has previously worked within the last year in an 
area with invasive species. Equipment shall be thoroughly cleaned onsite before leaving the project 
area when the project area is infested with invasive species.  

Rationale:  Implementing this mitigation measure will reduce this impact to a less-than-significant 
level. 

Mitigation Measure 5.5.4-2:  When mechanical clearing is used in tree-dominated habitats subject 
to invasive species, the project proponent shall maintain a minimum of 60% tree canopy closure, or 
100% of existing canopy if it is less than 60%, to minimize the amount of suitable habitat for invasive 
species. 
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Mitigation Measure 5.5.4-3:  Prior to implementing any project, which could create conditions 
favorable to invasive species, CAL FIRE/applicant shall contact the county Agriculture Dept. and any 
local groups concerned with noxious weed control, to ascertain the location and extent of known 
populations of non-native invasive species, which could provide a seed source for the project area.  
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5.6 Air Quality 

This section summarizes the impacts to air quality due to implementing either the Proposed 
Program or any of the alternatives.  

5.6.1 Significance Criteria 
Based on Appendix G of the CEQA Guidelines, an air quality impact would be considered 

significant if the Program and Alternatives would: 

a) Conflict with or obstruct implementation of the applicable air quality plan; 
b) Violate any air quality standard or contribute to an existing or projected air quality 

violation; 
c) Result in a cumulatively considerable net increase of any criteria pollutant for which the 

region is non-attainment under an applicable federal or state ambient air quality standard 
(including releasing emissions that exceed quantitative thresholds for ozone precursors); 

d) Expose sensitive receptors (see Glossary) to substantial pollutant concentrations; 
e) Create objectionable odors affecting a substantial number of people; 

5.6.2 Determination Threshold 
The federal and state governments—specifically, the U.S. Environmental Protection Agency 

(EPA) and California Air Resources Board (CARB)—each establish ambient air quality standards for 
several criteria pollutants. These are referred to as the national ambient air quality standards 
(NAAQS) and California ambient air quality standards (CAAQS), respectively.  

Currently, most of the effort to improve air quality in the United Sates and California is directed 
toward the control of five pollutants, called “criteria” air pollutants: ozone (O2), CO, PM10, NO2, and 
SO2. Pollutants subject to federal ambient standards are referred to as “criteria” pollutants because 
the EPA publishes criteria documents to justify the choice of standards. 

Criteria air pollutants are classified in each air basin, county, or in some cases within a specific 
urbanized area. The classification is determined by comparing actual monitoring data with State and 
federal standards. If a pollutant concentration is lower than the standard, the pollutant is classified 
as “attainment” in that area. If an area exceeds the standard more times than allowed under the 
established violation criteria (see below), the pollutant is classified as “non-attainment”. If there are 
not enough data available to determine whether or not the standard is exceeded in an area, the 
area is designated “unclassified”. A nonattainment classification may be used to specify what air 
pollution reduction measures an area must adopt and when the area must reach attainment.  

The current State of California ambient air quality standards are listed below in Table 5.6.1 and 
in Table 4.6.7 and in general, are more stringent than the existing federal standards for the criteria 
air pollutants. Most of the standards have been set to protect public health, although some are 
based on other values (e.g., protection of crops, protection of materials, or avoidance of nuisance 
conditions). The Program and Alternatives will create a significant effect as defined below in the 
column titled California Violation Threshold. 
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Table 5.6.1 
California Ambient Air Quality Standards and Thresholds 
(From Section 4.6) 

Pollutant Symbol Averaging Time 
California National California 

Violation 
Threshold 

National 
Violation Threshold ppm Mg./cu 

meter ppm Mg./cu 
meter 

Ozone O3 8 hours 0.07 137 0.075 160 N/A If 3-year average of annual 
third-highest daily 8-hour 

maximum exceeds 
standard 

  1 hour 0.09 180 0.12 235 If exceeded If exceeded on more than 
3 days in 3 years 

Carbon 
monoxide 

CO 8 hours 9 10,000 9 10,000 If exceeded If exceeded on more than 
1 day per year 

  1 hour 20 23,000 35 40,000 If exceeded If exceeded on more than 
1 day per year 

(Lake Tahoe 
only) 

 8 hours 6 7,000 N/A N/A If exceeded N/A 

Nitrogen 
dioxide 

NO2 Annual average 0.03 57 0.053 100 N/A If exceeded 

  1 hour 0.18 339 N/A N/A If exceeded N/A 
Sulfur dioxide SO2 Annual average -- -- 0.03 80 N/A If exceeded 

  24 hours 0.04 105 0.14 365 If exceeded If exceeded on more than 
1 day per year 

  1 hour 0.25 655 N/A N/A N/A N/A 
Respirable 
particulate 

matter 

PM10 Annual 
arithmetic mean 

-- 20 N/A 50 N/A If exceeded 

  24 hours -- 50 N/A 150 N/A If exceeded on more than 
1 day per year 

Fine 
particulate 

matter 

PM2.5 Annual average -- 12 N/A 15 N/A If spatial average 
exceeded on more than 

3 days in 3 years 
  24 hours No state std N/A 65 N/A If exceeds 98th percentile 

of concentrations in a year 
Lead L 30 day average  1.5 N/A N/A If equaled or 

exceeded 
N/A 

5.6.3 Data and Assumptions 
Section 4.6 contains substantial information concerning air quality in California’s 15 air basins, 

including the contribution of wildfire emissions to total emissions of the six criteria air pollutants. 
Table 4.6.2 contains information on the estimated annual air pollution due to emissions from 
wildfire in California between 1994-2003 in tons/yr. Table 4.6.4 shows emission factors in pounds of 
emissions per ton of fuel consumed for different categories of fuels by fuel moisture content. As 
Table 4.6.4 shows, fuel moisture content does not appear to influence the production of PM10, but 
wetter fuel three inches and larger does increase the production of PM2.5 and CO. According to 
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Table 4.6.4, fuel moisture content does not appear to change emissions of NO2, SO2 or total non-
methane hydrocarbons.  

Section 4.6 also discusses the regulatory framework associated with air quality in California 
including the following: 

• Federal Clean Air Act and NAAQS 
• EPA Interim Air Quality Policy on Wildland and Prescribed Fires 
• Federal requirement that States have State Implementation Plans in non-attainment air 

basins that address the NAAQS.  
• California Clean Air Act and non-attainment air basins and districts 
• Visibility requirements including requirements in Class I federal areas (generally National 

parks and certain wilderness areas) 
• Smoke Management requirement to implement Best Available Control Methodologies in 

non-attainment air basins for PM10 
• Smoke Management and the CARB  

Sugihara (2006) also describes the regulatory environment associated with reducing air quality 
impacts from wildfire and prescribed fire in California. Additional regulatory requirements noted in 
Sugihara include: 

• Prevention of Significant Deterioration Program for Class I, II and III federal areas. 
• California’s agricultural burning regulations in Title 17 of the California Code of 

Regulations. Individual AQMDs require burn plans with varying amounts of detail 
depending on size of burn and/or tons of fuel to be burned. Size and quantity 
requirements vary by AQMD. 

• The Western Regional Air Partnership is a regional planning organization that is 
developing guidance to implement EPA’s regional haze rule.  

As noted in Jones and Stokes (2000), “Many individual air districts have developed thresholds of 
significance to determine if project-related air quality impacts require mitigation. Those thresholds 
vary by air district but generally equal 15 tons per year (tpy) for PM10, 100 tpy for CO, and 27 tpy for 
sulfur oxides (SOx). For the ozone precursors ROG and NO2, the thresholds generally equal 15 tpy, 
especially for areas with severe or serious ozone problems.” 

Table 5.6.2 shows potential Program treatment acreages by treatment type by air basin (see 
Figure 4.6.1 for location of air basins). 
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Table 5.6.2 
Proposed Program Treatment Acreages by Air Basin 
 Prescribed Burn Mechanical Hand Herbicides Herbivory Total 1/ 
Great Basin Valleys 1,400 500 300 200 300 2,700 
Lake County 1,500 500 300 300 300 2,900 
Lake Tahoe 100 0 0 0 0 100 
Mojave Desert 4,500 1,600 900 800 900 8,700 
Mountain Counties 15,300 5,200 2,900 2,600 2,900 28,900 
North Central Coast 10,900 3,700 2,100 1,900 2,100 20,700 
North Coast 9,100 3,100 1,700 1,500 1,700 17,100 
Northeast Plateau 12,400 4,300 2,300 2,000 2,300 23,300 
Sacramento Valley 20,200 6,900 3,800 3,500 3,800 38,200 
Salton Sea 1,800 600 300 300 300 3,300 
San Diego County 6,100 2,000 1,100 1,000 1,100 11,300 
San Francisco Bay Area 5,000 1,700 900 800 900 9,300 
San Joaquin Valley 10,900 3,700 2,100 1,900 2,100 20,700 
South Central Coast 10,700 3,600 2,000 1,800 2,000 20,100 
South Coast 5,000 1,700 1,000 900 1,000 9,600 
Total 114,900 39,100 21,700 19,500 21,700 216,900 

 1/ Acreage may not equal 216,910 acres of treatments due to rounding. 

Data And Assumptions About Emissions From Prescribed Fire  
In order to determine the emission of criteria air pollutants by air basin, the acreage treated by 

treatment type by WHR lifeform by air basin was determined. For broadcast and pile burning the 
pounds of emissions per ton of fuel consumed by major vegetation type were obtained from 
Sugihara’s (2006) Table 21.1 for PM2.5, PM10, CO and non- methane hydrocarbons (NMHC). The 
pounds of NO2 and SO2 emissions per ton of fuel consumed and the pounds of NMHCs for 
herbaceous vegetation types were obtained from Battye and Battye (2002). Typical emissions from 
prescribed fire are in the range of 14 to 70 pounds of PM2.5 or PM10 per ton of fuel consumed for 
hardwood forests and 75-150 pounds of PM2.5 or PM10 per ton of fuel consumed in conifer forests. 
Sagebrush is expected to produce about 67 pounds of PM2.5 or PM10 per ton of fuel consumed, 
while chaparral is expected to give off about 150-200 pounds of PM2.5 or PM10 per ton of fuel 
consumed.  

Fuel loading by vegetation type is a combination of Sugihara’s Table 21.2 values by vegetation 
type and Scott and Burgan’s (2005) fuel models by vegetation type. Scott and Burgan’s values were 
based on the sum of all fuel loading and not just the fine fuel loading. Typical fuel loading varied 
from 4.5 tons/acre of fuel in sagebrush to 0.5 tons/acre for grass. Conifer forest fuel loadings were 
in the range of 14-16 tons/acre while hardwood forest fuel loadings were in the range of 6 
tons/acre for oak woodlands and 14 tons/acre for montane hardwood types. Fuel loading for 
chaparral was based on 19.5 tons/acre from Sugihara.  

Fuel load consumption values for broadcast burn and pile burn were based on work completed 
for the BLM PER (ENSR 2005) by ENSR International as well as professional experience. Most 
broadcast burn values were in the range of 25-50% fuel consumption (except for 90% for grass) 
including assigning a consumption value of 50% for chaparral and sagebrush burns. Burning of piles 
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created in mechanical and hand treatments was estimated to amount to 10% of all acres treated by 
the specific treatment type, e.g., if 500 acres were treated by mechanical methods, then 
approximately 50 acres of piles would likely be created and 90% of those piles would be burned. 
Fuel consumption in pile burns was estimated at 90% for all vegetation types.  

Data And Assumptions About Non-Prescribed Fire Emissions  
BLM’s PER (ENSR 2005) includes an exhaustive analysis of the emissions expected from travel to 

and from treatment sites, as well as emissions from heavy equipment performing treatments. In 
addition, the BLM analysis includes possible dust from equipment traveling on unpaved roads as 
well as dust from exposed soil caused by treatments such as prescribed fire, tractor piling, 
masticating, etc. Emissions data are available by treatment type (e.g. prescribed burn, mechanical, 
hand, etc.) by state.  

For this analysis, the pounds per acre of emissions for several of the criteria air pollutants were 
calculated using the BLM PER data for California, except for herbivory, which used South Dakota 
emissions. The reason to use the South Dakota herbivory data instead of the California data is 
because the BLM California data assumed 50% of all “biological” treatments were by herbivores and 
the other 50% were by insects. South Dakota’s data modeled the biological treatments on 100% 
herbivore treatments. Also, since the BLM PER did not break out the prescribed fire emission values 
from the vehicle/treatment emissions, the hand treatment emissions from vehicles/equipment 
were used to predict the emissions of vehicles and equipment used to implement a prescribed fire. 
The latter approach probably overstates the emissions from vehicles/equipment that would be used 
in a prescribed fire, as hand treatments were modeled by the BLM to take as long as 25 person days 
to treat 25 acres, when in fact, it would normally be the case that a prescribed burn of 260 acres 
would be accomplished in one day with fewer than 25 person days assigned to the burn. Once the 
per-acre values were determined they were extrapolated to the entire state based on the acreage 
by treatment type from Chapter 2 or Chapter 3. Table 5.6.3 summarizes the expected emissions 
from mechanical, hand, herbicide and prescribed herbivory as well as the vehicle and other non-
prescribed fire emissions for prescribed fire treatments.  

Table 5.6.3 
Potential Emissions From Vehicles/Heavy Equipment Performing Treatments 
Statewide by the Proposed Program 

Pollutant 
Prescribed 
Burn Mechanical Manual Chemical Herbivory Total 

Tons Per Year 
PM10 29.8  5.0  5.6  16.9  0.6  29.8  
PM2.5 17.4  5.0  3.3  2.4  0.0  17.4  
CO 600.6  6.6  113.4  1.9  1.1  600.6  
NMHC 1/ 99.3  3.3  18.7  0.9  0.0  99.3  
NO2 2.5  31.4  0.5  1.5  0.0  2.5  
SO2 0.0  1.7  0.0  0.0  0.0  0.0  

1/ NMHC emissions are generally taken as equivalent to VOC emissions (Battye and Battye, 2002). 
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Total California wide emissions of CO, PM10 and PM2.5 from all sources in 2005 were 5.8 
million tons, 0.9 million tons and 0.39 million tons respectively. Total carbon emissions from 
Program mechanical and hand treatments (~60,500 acres/year) from vehicles and heavy equipment 
(but not from prescribed fire) are expected to be 650 tons/year or about 0.011% of all CO emissions 
in the state in 2005. Compared to the criteria pollutant emissions for all sources in California, the 
amount of emissions from the Proposed Program vehicle trips and heavy equipment is considered 
insignificant and is not considered further.  

5.6.4 Direct Effects Common to all Bioregions From Implementing the Program/ 
Alternatives  

Table 5.6.4 summarizes the information from the balance of this subchapter of the effects to air 
quality from implementing the Proposed Program across the state by air basin. In this case, a 
significant effect is one in which emissions exceed the California violation thresholds described in 
Table 5.6.1. 

Table 5.6.4 
Summary of Effects 1/ On Air Quality From Implementing the Proposed Program 

Air Basin Prescribed Burn Mechanical Hand Herbicides Herbivory 
Great Basin Valleys SA NA NA NA NA 
Lake County SA NA NA NA NA 
Lake Tahoe SA NA NA NA NA 
Mojave Desert SA NA NA NA NA 
Mountain Counties SA NA NA NA NA 
North Central Coast SA NA NA NA NA 
North Coast MB NA NA NA NA 
Northeast Plateau SA NA NA NA NA 
Sacramento Valley MB NA NA NA NA 
Salton Sea SA NA NA NA NA 
San Diego County SA NA NA NA NA 
San Francisco Bay Area SA NA NA NA NA 
San Joaquin Valley MB NA NA NA NA 
South Central Coast SA NA NA NA NA 
South Coast NB NA NA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or are 
within the natural range of variability, for the resource at issue. SA/SB – significant adverse or beneficial 
effects are those effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. 
MA/MB - moderately adverse or beneficial effects - those effects that can be detected beyond the affected 
area, but are transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects 
that are imperceptible or undetectable. 

Two minimum management requirements are expected to help reduce impacts to air quality 
due to implementation of the Proposed Program—MMRs 3 and 4. MMR 3 requires that applicants 
contact the local air quality management district and comply with all state and local laws and 
regulations. AQMD requirements vary as to the acres and/or tons of fuel consumed in “agricultural 



Environmental Impact Analysis--Air Quality 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

     5.6- 7 

   
 

burns” and the corresponding amount of information requested from the applicant. MMR 4 
requires that applicants not burn on no-burn days in order to reduce emissions of criteria air 
pollutants into conditions where they would potentially create a health hazard or become a 
nuisance. Typical burn days are those with enough wind and other weather factors that lead to 
substantial dispersal of the smoke from prescribed fire.  

Effects to Air Quality From Implementation of Proposed Program Prescribed Fire Treatments 
Creating CO, PM2.5, PM10, NO2 and SO2 

The primary air pollutants that are detrimental to public health or ecosystems, or that impair 
visual quality include particulates, oxides of sulfur and nitrogen, elemental carbon and carbon 
oxides, ozone and toxic air pollutants. Air pollution affects human health and welfare. The latter 
includes damage to vegetation, injury to animals, effects on soil and water, and impairment of 
visibility. Health effects include respiratory problems and decreased lung function, heart disease 
and premature death. Chronic injury to plants often results from intermittent or long-term exposure 
to relatively low pollutant concentrations with chlorophyll destruction or chlorosis as the principal 
symptom of injury (USFS, 2005). Nitrates and sulfates contribute to acid rain and dry deposition of 
acid compounds. Lower elevation aquatic systems tend to be less sensitive to acid rain than higher 
elevation systems. Current levels of acidity are not high enough to cause mortality of amphibians or 
to fish but may have other subtle effects particularly during the spring snowmelt period (USFS, 
2005).  

Pollutants from prescribed fire can cause visibility reductions from natural levels in Class I areas, 
which is largely due to sulfates, nitrates, organic compounds and dust particles from soil.  

Atmospheric conditions that create temperature inversions and permit air masses to remain 
stagnant for long periods allow the airborne concentrations of smoke and other pollutants to 
increase. These conditions aggravate air pollution over urban, industrial, and agricultural areas. Air 
pollution is occasionally aggravated by daily and seasonal wind patterns. Sea-to-land breezes 
remove pollution from coastal areas during the day as cold, dense air moves onshore, but push it 
back during the night as the land breeze gently flows offshore (Jones and Stokes, 2000). 

Wind direction and intensity during prescribed burns and wildfires are important because air 
quality is poorest immediately adjacent to and downwind of such fires. Fires near populated areas 
may pose an increased risk of air quality–related health problems. 

The potential to ignite prescribed fire is dependent on whether the particular day is a 
permissive burn day and whether the project area is available to burn. An analysis of the number of 
permissive burn days by the California Air Resources Board, Planning and Technical Support 
Division, Meteorology Section of burn day information in 2005 showed that on average, the number 
of permissive burn days varies from a low of only 15 days per month in July to a high of 28 days per 
month in February. On the other hand, the average number of permissive burn days varies by 
AQMD location; the South Central Coast AQMD, for instance only averages about 21 permissive 
burn days per month. The Lake Tahoe AQMD has the lowest number of permissive burn days, at 19 
days per month. Permissive burn days during the critical prescribed burn months of February 
through June average about 28 days per month statewide.  
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The number of available burn days is much lower than the number of permissive burn days. 
Available burn days are those days where fuel moisture content, wind speed and other 
meteorological conditions can support a burn and the AQMD has issued a permissive burn day 
forecast. Forest Service data (USFS, 2005) in the Mountain Counties, Northeast Plateau and 
Sacramento Valley air basins shows that there are only an average of 11 available burn days per 
month compared to an average of 26 permissive burn days per month.  

The actual amount of pollutants produced compared to the amount predicted from Table 4.6.4, 
due to implementation of the Proposed Program, could vary substantially. A variety of factors 
influence the emission of criteria pollutants in a prescribed fire including amount of area burned, 
whether the prescribed fire is accomplished with a broadcast burn, pile burning or windrow 
burning, moisture content of the fuel and type of fuel (e.g., whether the fuel is grass, sagebrush, 
untreated conifer forest litter, duff and shrubs). One factor is whether the entire area to be burned 
actually is burned. Many broadcast burns do not completely burn the entire planned area resulting 
in fewer pounds of emissions.  

The amount of emissions is also dependent on the amount of fuel that is actually consumed in a 
fire, which depends on the type of fuel, its depth on the forest floor, its moisture level, and other 
factors, such as humidity, wind speed, and fire intensity. Many pollutants emitted from fire are 
products of incomplete combustion, including carbon monoxide (CO), particulate matter, and 
hydrocarbons. Therefore, emissions from a fire depend not only on the fuel consumption, but also 
on the combustion efficiency (Battye and Battye, 2002). 

In general, NO2 emissions from combustion processes can be produced by two mechanisms: 1) 
oxidation of nitrogen compounds in the fuel, and 2) oxidation of nitrogen gas in the combustion air. 
However, very high temperatures (>1000 degrees C) are required for significant oxidation of 
nitrogen gas. Based on a large number of field and laboratory tests, Battye and Battye concluded 
that temperatures in the flames of prescribed fires do not typically reach levels that would result in 
significant oxidization of nitrogen in the air. Therefore, NO2 emissions from fires are strongly 
dependent on the nitrogen levels in fuel materials. 

Sulfur compounds in fuel materials produce SO2 emissions from wild and prescribed fires. 
These emissions are minor in comparison with other pollutants (Battye and Battye, 2002).  

Pollutant concentrations are a function not only of the total emissions within the airshed, but 
also the timing of the emissions, the location of the fire with respect to sensitive receptors (e.g. 
schools, churches, hospitals, etc.) meteorology of the area, and the physical characteristics of the 
smoke plume (USFS, 2005). These factors are normally assessed during site-specific project 
planning.  

Based on the data and assumptions noted above, implementation of the Proposed Program 
(Table 5.6.5) could potentially increase the amount of CO, NO2, SO2, PM2.5 and PM10 emitted over 
the amounts already being emitted under the status quo (Alternative 1). However, as noted in 
Section 5.2, treatments from the Proposed Program would reduce wildfire severity on about 41,500 
acres per year, which could reduce the annual production of criteria pollutants to levels associated 
with prescribed fire. 
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Table 5.6.5 
Annual Increase in Tons of Pollutants Emitted Due to Implementation of the 
Proposed Program Prescribed Fire Treatments Compared to Status Quo  
(Alternative 1) 

Air Basin 
Annual Tons Produced Above Status Quo 
PM10 PM 2.5 CO NMHC2/   NO2 SO2 

Great Basin Valleys 123 107 996 109 80 5 
Lake County 80 70 667 65 43 3 
Lake Tahoe 1/ 1/ 1/ 1/ 1/ 1/ 

Mojave Desert 203 178 1,678 158 113 9 
Mountain Counties 578 519 5,597 319 207 24 
North Central Coast 342 297 2,875 281 194 15 
North Coast 371 337 3,695 175 108 15 
Northeast Plateau 599 542 5,589 331 209 24 
Sacramento Valley 362 321 3,470 216 147 16 
Salton Sea 140 122 1,110 117 87 6 
San Diego County 494 426 3,893 463 324 22 
San Francisco Bay Area 129 113 1,135 92 59 5 
San Joaquin Valley 171 150 1,538 107 73 8 
South Central Coast 357 308 2,957 314 223 16 
South Coast 386 333 3,100 363 258 17 
Total Tons Produced by Proposed Program 4,335 3,823 38,301 3,110 2,125 186 
Total Tons Produced By Status Quo 1083 954 9370 797 539 46 
Total Increase Over Status Quo 3,252 2,869 28,931 2,313 1,586 140 
Total Tons Produced by Wildfire 92,485 78,478 1,445,832 11,154 nd 8,927 

1/ The Proposed Program would potentially only treat about 100 acres with prescribed  
fire in this air basin, which is below the analytical threshold for this Programmatic analysis.  

2/ NMHC emissions are generally taken as equivalent to VOC emissions (Battye and Battye, 2002). 

Overall, emission of criteria pollutants from prescribed fire treatments due to the Proposed 
Program would exceed the thresholds for CO (100 tons/year), PM10 (15 tons/year) and ozone 
precursors (NMHC – 15 tons/year) in all air basins except for the Lake Tahoe Air Basin. Emission of 
SO2 by prescribed fire treatments would not exceed the threshold of 27 tons/year in any of the air 
basins, but would approach the threshold in the Mountain Counties and San Diego County air 
basins.  

Effects to Air Quality From Implementation of Alternatives 1 through 4 Prescribed Fire Treatments 
Creating CO, PM2.5, PM10, NO2 and SO2 

Table 5.6.6 shows the effects to air quality from implementing Alternatives 1 through 4 
treatments. Implementation of Alternative 1 would result in less tons of pollutants being emitted as 
a result of treatments compared to the Proposed Program, but would not change the overall 
emission of pollutants from wildfire from that described in Table 4.6.2, as 47,000 acres of 
treatments are already incorporated into the wildfire emissions shown. The emissions shown do not 
include any net gains or decreases due to change in wildfire behavior due to treatments.  
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Table 5.6.6 
Comparison of Pollutants Emitted by Alternatives 1-4 Prescribed Fire Treatments 

Alternative 
PM10 PM 2.5 CO NMHC NO2 SO2 
Annual Tons of Pollutants Emitted by Treatments 

Proposed Program (from Table 5.6.5) 4,335 3,823 38,301 3,110 2,125 186 
Alternative 1 1,083 954 9,370 797 539 46 
Alternative 2 4,436 3,907 39,082 3,210 2,191 191 
Alternative 3 4,534 3,998 39,788 3,257 2,204 193 
Alternative 4 483 421 5,253 314 257 29 

Alternatives 2 and 3 would produce about the same amount of pollutants and have the same 
impact on wildfire emissions as the Proposed Program. Alternative 4 could have a dramatically 
lower impact on air quality as pollutants would be reduced in some cases by nine-fold over the 
Proposed Program (e.g. 4,538 tons of CO produced by Alternative 4 compared to 33,353 tons by the 
Proposed Program). Implementing Alternative 4 in the Great Basin, Lake County, Lake Tahoe, North 
Central Coast, North Coast, Sacramento Valley, San Diego Coast and the South Central Coast air 
basins would not increase PM10 and CO above air basin thresholds. No air basin would exceed the 
threshold for SO2 as a result of implementing Alternative 4.  

Effects to Air Quality From Implementation of Proposed Program Treatments on Wildfire CO, 
PM2.5, PM10, NO2 and SO2 Emissions 

Section 5.2 describes treatments by prescribed fire, mechanical and hand, which are expected 
to result in a reduction in the severity of wildfire, and potentially a reduction in the overall number 
of acres burned. Implementation of 216,910 acres of annual treatments by the Proposed Program is 
expected to reduce wildfire severity from severe to low-to-moderate on 29,000 acres annually. 
Average annual emissions from wildfire across the entire state (not just on jurisdiction lands) have 
previously been described in Table 4.6.2. The change in severity from severe fire behavior to low-to-
moderate fire behavior is approximated here as a change in emissions between wildfire and 
prescribed fire. Based on Ahuja’s (2006) Table 21.5 values, the difference in the emission rate of 
pollutants between wildfire and prescribed fire is on the order of about 30-40% for PM2.5, PM10, 
CO and volatile organic compounds (Table 5.6.7). There is little difference in the amount of SO2 
emitted between wildfire and prescribed fire. Prescribed fire is expected to emit substantially less 
NO2 emissions because prescribed fires are expected to burn at lower temperatures than wildfire.  
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Table 5.6.7 
Reduction in Pollutants Emitted by Wildfire as a Result 
of Program Treatments 

Pollutant 
Wildfire Prescribed % Reduction 

Pounds/acre emitted 
PM10 300.6 180.2 40.1% 
PM2.5 257.7 158.6 38.5% 
VOC 145.5 97.3 33.1% 
CO 3089.5 1819.8 41.1% 
SO2 18.3 18.0 1.5% 
NO2 66.4 7.2 89.1% 

Total Program emissions from both wildfire and prescribed fire together are potentially 
lower than the Status Quo as a result of treatments shown in Table 5.6.8. These effects are 
speculative in that, while there is a moderate degree of certainty as to the amount of pollutants 
emitted by prescribed fire, there is a low degree of certainty that a treated area will be burned 
by wildfire as well as to the amount of emissions these acres emit due to wildfire in a particular 
bioregion or air basin. Thus, while there is a moderate degree of confidence in the estimates of 
the pollutants emitted by the Proposed Program prescribed fire treatments, there is a low 
degree of confidence in predictions about the amount of pollutants that might be “saved” due 
to treated areas burning at lower intensity by wildfire.  
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Table 5.6.8 
Tons of Pollutants Not Emitted (“Saved”) as a Result of Proposed Program Treatments 

Air Basin 
Treated 

Annual 
Acreage 
Burned 

1994-2003 

Acreage Burned By 
Wildfire At Low-

Moderate Severity 
As A Result Of 

Treatments 

Annual Tons Emitted By 
Wildfire 

Tons Of Pollutants Emitted By 
Wildfires After Proposed 

Program Treatments 

CO SO2 PM10 PM25 CO SO2 PM10 PM25 

Acres Tons of Pollutants 1/ 
Great Basin Valleys 2,700 7,392 361 3,074 34 321 272 3,012 34 314 267 
Lake County 2,900 10,629 387 45,139 471 4,660 3,954 44,463 471 4,592 3,899 
Lake Tahoe 100 89 13 344 3 35 30 323 3 33 28 
Mojave Desert 8,700 19,398 1,162 34,655 318 3,492 2,964 33,802 318 3,408 2,895 
Mountain Counties 28,900 42,900 3,861 144,667 1,365 14,648 12,430 139,316 1,363 14,120 11,999 
North Central Coast 20,700 14,579 2,766 15,882 167 1,643 1,394 14,644 167 1,518 1,292 
North Coast 17,100 24,811 2,285 143,315 1,542 14,886 12,631 137,891 1,540 14,337 12,183 
Northeast Plateau 23,300 27,053 3,113 77,485 809 8,000 6,788 73,821 808 7,631 6,488 
Sacramento Valley 38,200 37,755 5,104 138,172 1,353 14,088 11,954 130,495 1,350 13,325 11,333 
Salton Sea 3,300 4,549 441 4,414 39 443 376 4,238 39 426 362 
San Diego County 11,300 60,514 1,510 50,215 474 5,089 4,319 49,700 474 5,038 4,278 
San Francisco Bay Area 9,300 7,920 1,243 18,017 183 1,850 1,570 16,855 182 1,734 1,475 
San Joaquin Valley 20,700 58,206 2,766 126,841 1,193 12,835 10,892 124,364 1,192 12,591 10,693 
South Central Coast 20,100 57,534 2,686 43,676 417 4,435 3,763 42,838 417 4,352 3,696 
South Coast 9,600 55,477 1,283 599,937 559 6,059 5,142 594,237 558 6,003 5,096 
Total 216,900 428,806 28,979 1,445,832 8,927 92,485 78,478 1,409,999 8,916 89,423 75,984 

  1/ Figures may not add due to rounding 
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Table 5.6.9 summarizes the amount of pollutants that would be emitted as a result of 
treatments reducing wildfire severity from severe to low/moderate on 29,000 of the 156,000 acres 
burned annually. As a result of treatments, about 1.409 million tons of CO would be emitted by 
wildfire after treatment instead of 1.445 million tons without treatment, an annual savings of about 
35,800 tons of CO. About 3,060 tons of PM10 and about 2,500 tons of PM2.5 would not be emitted 
as a result of wildfire burning at lower intensity. As noted above, there is low degree of certainty as 
to whether a treated area will be burned by wildfire, whereas there is a relatively high degree of 
certainty as to the amount of pollutants emitted by prescribed fire. However these effects are 
outweighed by the production of the same criteria pollutants by the prescribed fire treatments.  

Table 5.6.9 
Comparison of Tons of Pollutants Emitted by Proposed Program Treatments and Tons of 
Pollutants “Saved” by Proposed Program Treatments 
 Annual Tons Of Pollutants 
 PM10 PM2.5 CO NMHC NO2 SO2 
Increase due to Treatments (Table 5.6.5) 4,335 3,823 38,301 3,110 2,125 186 
Decrease Due to Change in Wildfire Behavior (Table 5.6.8) -3,062 -2,494 -35,832 nd nd -11 
Difference (“-“ indicates an overall reduction) 1,273 1,329 2,469 nd nd 175 

Implementation of the Proposed Program would potentially increase the amount of PM10, 
PM2.5, CO, and SO2 generated from the combination of prescribed fire and reduction in wildfire 
emissions.  

Implementation of the Proposed Program would likely meet the goal to reduce impacts to air 
quality from wildfires as a result of treatments which reduce the severity of fire on treated acres as 
well as treating about 2.6% of the state's watersheds during a decade at a level where the extent 
and size of fire would be reduced (e.g. at the 35% level). As noted above the effect of implementing 
the program on wildfire emissions would be to reduce PM10, PM2.5 and CO emissions. Overall 
emissions of these criteria pollutants might increase over the status quo, though the prescribed fire 
emissions would likely occur at a time of year when the receiving air quality is much higher 
compared to the air quality when wildfire emissions normally occur.  

Effects to Air Quality From Implementation Alternatives 1 through 4 Treatments on Wildfire CO, 
PM2.5, PM10, NO2 and SO2 Emissions 

Alternatives 1, 2 and 3 would have similar impacts to air quality as the Proposed Program in 
terms of reducing emissions from wildfire, that is wildfire emissions would be reduced on 
approximately 29,000 acres per year due to treatments. Alternative 4, on the other hand, treats so 
few acres annually, since so few watersheds experience more than 35% treatment, wildfire 
behavior is not reduced nearly as much as the other alternatives. As a result, emissions from 
wildfire would only be affected on about 5,000 of the 93,000 acres treated in Alternative 4, out of 
the 156,000 acres per year that are likely to burn, statewide on jurisdiction lands.  

Alternatives 1, 2 and 3 would each meet the goal related to reducing air quality impacts from 
wildfire (Goal 5) at about the same rate and level as the Proposed Program (e.g. 1/5 of all acres 
burned annually on jurisdiction lands would likely have reduced emissions as a result of treatments). 
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Alternative 4 would not meet this goal nearly as well since the rate of treatment would only reduce 
emissions from about 1/15 of the acres that burn annually on jurisdiction lands due to wildfire.  

Effects to Visibility From Implementation of Proposed Program Treatments 
As noted in Section 4.6, there are 29 Class I areas within the State. The location of these is 

mostly off jurisdiction lands, however prescribed fire on jurisdiction lands can create haze and 
reduce visibility off site. Class I areas can be considered “smoke sensitive areas” as almost no 
change from current air quality is allowed from new sources. 

Fine particulate matter (PM2.5) is more efficient per unit mass than coarse materials at causing 
visibility impairment. Current visual range in the western US is about 60-90 miles (40 CFR Part 51). 
Visibility rules enacted by the EPA in 1999 (40 CFR Part 51) require states to make reasonable 
progress toward the Clean Air Act goal of “prevention of any impairment of visibility” (Sanberg, 
Ottmar, Peterson and Core 2002). Current data from a national visibility-monitoring network do not 
show fire to be a predominant long-term source of visibility impairment in any Class I area (40 CFR 
part 51). However wildfire (and prescribed fire) can have short-term visibility effects on Class I areas 
(Sanberg, Ottmar, Peterson and Core, 2002). Guidance from the Western Regional Air Partnership 
(WRAP) now classifies some wildfire and prescribed fire emissions as “natural” in recognition of 
fire’s inherent occurrence as part of the landscape (Ahuja, 2006). The EPA haze reduction rule (40 
CFR Part 51) guidance requires that states address natural reductions of visibility from fire as well as 
identify those fire emissions that need to be controlled to achieve progress toward the 2064 natural 
conditions goal.  

There are two general strategies for reducing smoke emissions: avoidance (e.g., fire prevention 
and suppression) and fuel modification. The latter includes techniques for altering the existing fuel 
loading, structure, or both. Techniques for fuel modification include utilization (such as thinning or 
final harvest), mechanical treatment (piling, lopping and scattering, and crushing), and prescribed 
fire. These strategies can benefit air quality both short and long term.  

Battye and Battye (2002) note that prescribed fire emissions can be reduced by:  

1. Having clear smoke management objectives,  
2. Burning when conditions favor rapid combustion and dispersion,  
3. Burning under favorable moisture conditions,  
4. Using backfires when applicable,  
5. Burning smaller vegetation blocks when appropriate, and  
6. Coordinating with regional and local air pollution and fire control officials to ensure that 

the burn plan complies with federal, state, and local regulations.  

The WRAP has produced guidance to prescribed fire managers that includes: 1) minimizing air 
pollution emissions, 2) public education, 3) surveillance and enforcement, 4) program evaluation 
and reporting, 5) air quality monitoring, 6) evaluation of smoke dispersion and 7) regional 
coordination.  

As noted in Section 4.6, the application of best available control measures (BACM) for 
prescribed fire is a required element of State Implementation Plans for PM10 non-attainment areas 
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that are significantly impacted by prescribed fire smoke (US EPA, 1992). When a burn plan is 
completed for a project it should include the following smoke management components: 

• Actions to minimize fire emissions – The steps taken prior to the burn and actions that 
will be taken after the burn to reduce air pollutant emissions. 

• Evaluate smoke dispersion – Fire prescriptions submitted prior to the day of the fire 
must specify minimum requirements for the atmospheric capacity for smoke dispersal 
such as minimum surface and upper level wind speeds, desired wind direction, 
minimum mixing height, and dispersion index. 

• Public notification and exposure reduction procedures – Actions should be taken to 
notify populations and authorities at sensitive receptors, including those in adjacent 
jurisdictions, prior to the fire. The plan should also identify contingency actions that will 
be taken if smoke intrusions occur. 

• Air Quality Monitoring – The plan should identify how the effects of the fire on air 
quality at sensitive receptors and visibility in mandatory Class I Federal areas will be 
monitored. 

Implementation of the above practices will help reduce the effects of implementing the 
Proposed Program on Class I air quality areas. The Proposed Program is expected to emit an 
estimated 4,325 tons of PM2.5 annually across the entire state, which is 1.1% of the total PM2.5 
emitted annually across the state between 1994 and 2003. A greater impact on Class I areas is the 
impact expected from wildfire, which is expected to emit approximately 78,500 tons of PM2.5 
statewide annually. Because of the small amount of PM2.5 emitted annually by the Proposed 
Program, some of which is expected to be classified as natural, there is not expected to be a 
significant deterioration to visibility in Class I air quality areas across the state due to 
implementation of the Program. There is expected to be a short-term degradation to visibility at 
some Class I areas, but due to the fact that actual treatment locations are not known at this point, it 
is speculative to predict which areas might be affected. Mitigation measures described below will 
help to reduce effects on Class I areas. In addition, treatments between now and the 2064 target 
date are likely to result in 1.64 million treated acres burning at lower intensities from wildfire due to 
treatments which will likely reduce the amount of PM2.5 generated by wildfire.  

5.6.5 Bioregion Specific Direct Effects of Implementing the Program/ Alternatives 
While treatments produce CO, PM2.5 and PM10, they also reduce wildfire emissions of the 

same pollutants due to reducing the severity of wildfire on approximately 29,000 acres. However, as 
noted above, these effects are speculative because while the effects from prescribed fire and 
wildfire are relatively certain, there is far less certainty that a treated area will burn due to wildfire, 
notwithstanding the relative fire frequency in a particular bioregion or air basin. Thus, while there is 
a moderate degree of certainty in the estimates of the emissions emitted by the Proposed Program 
prescribed fire treatments there is a low degree of certainty in predictions about the amount of 
pollutants that might be “saved” due to treated areas burning at lower intensity.  

Table 5.6.10 compares the emissions due to prescribed fire treatments with the possible 
reduction in emissions from wildfires due to treatments.  
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Table 5.6.10 
Comparison of Proposed Program Annual Treatment Emissions to Emissions “Saved” on Treated 
Areas Burned by Wildfire 

Air Basin 
Treatment Emissions 

Emissions “Saved” By 
Wildfire Burning Treated 

Areas 

Net Increase (+) or 
Decrease (-) in Emissions 

PM10 PM 2.5 CO SO2 PM10 PM25 CO SO2 PM10 PM25 CO SO2 
Tons of Pollutants Emitted Annually 

Great Basin Valleys 123 107 996 5 -6 -5 -62 0 117 102 934 5 
Lake County 80 70 667 3 -68 -55 -676 0 12 15 -9 3 
Lake Tahoe 1/ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
Mojave Desert 203 178 1,678 9 -84 -68 -853 0 119 109 824 8 
Mountain Counties 578 519 5,597 24 -528 -430 -5,351 -2 50 89 246 22 
North Central Coast 342 297 2,875 15 -125 -102 -1,238 0 217 196 1,636 15 
North Coast 371 337 3,695 15 -549 -447 -5,423 -2 -179 -111 -1,729 13 
Northeast Plateau 599 542 5,589 24 -369 -300 -3,664 -1 231 242 1,925 23 
Sacramento Valley 362 321 3,470 16 -763 -622 -7,676 -3 -400 -301 -4,206 13 
Salton Sea 140 122 1,110 6 -17 -14 -176 0 123 108 935 6 
San Diego County 494 426 3,893 22 -51 -41 -515 0 443 384 3,378 21 
San Francisco Bay Area 129 113 1,135 5 -116 -95 -1,162 0 12 18 -26 5 
San Joaquin Valley 171 150 1,538 8 -244 -199 -2,477 -1 -74 -49 -938 7 
South Central Coast 357 308 2,957 16 -83 -68 -838 0 274 241 2,120 16 
South Coast 386 333 3,100 17 -56 -46 -5,700 0 330 287 -2,600 17 
Total 4,335 3,823 38,301 186 -3,060 -2,493 -35,811 -11 1,273 1,329 2,469 175 

  1/ The Proposed Program would potentially only treat about 100 acres with prescribed fire in this air basin, which 
is below the analytical threshold for this Programmatic analysis.  

The greatest effects to air quality from potential treatments occur in the North Central Coast, 
Northeast Plateau, San Diego County, South Coast and South Central Coast air basins. Total annual 
production of CO ranges from a savings of 4,200 tons in the Sacramento Valley to 2,120 additional 
tons/year in the South Central Coast, which exceeds the threshold value of 100 tons/year stated 
above. Values for PM2.5 and PM10 also exceed threshold values in various air basins. Some air 
basins experience improvements in some criteria pollutants such as the Sacramento Valley where 
the scope of treatments and the incidence of recurrent wildfire result in substantial savings in 
emissions.  

Overall, due to differences in vegetation types, location of treatments, location of wildfires and 
differences in treatment types different air basins experience different results from treatments. The 
Great Basin Valleys, Mojave Desert, Mountain Counties, North Central Coast, Northeast Plateau, 
Salton Sea, San Diego County and South Central Coast all have CO emissions that would exceed 
thresholds even when accounting for reductions due to changes in wildfire behavior. Proposed 
Program treatments would exceed PM10 thresholds for the Great Basin Valleys, Mojave Desert, 
Mountain Counties, North Central Coast, Northeast Plateau, Salton Sea, San Diego County, South 
Central Coast and South Coast. Improvements in air quality due to the combination of vegetation, 
treatment acreage, location of wildfires and range of treatment types might be experienced in the 
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North Coast, Sacramento Valley and San Joaquin air basins with respect to PM10 and for the same 
air basins along with the South Coast air basin with respect to CO. 

Bioregion Specific Effects to Air Quality From Implementation of Alternatives 1 through 4 Prescribed 
Fire Treatments Creating CO, PM2.5, PM10, NO2 and SO2 

At the bioregional level implementation of Alternative 1 would result in less tons of pollutants 
being emitted as a result of treatments compared to the Proposed Program, but would not change 
the overall emission of pollutants from wildfire from that described in Table 4.6.2, as 47,000 acres 
of treatments are already incorporated into the wildfire emissions shown. The emissions shown do 
not include any net gains or decreases due to change in wildfire behavior due to treatments.  

At the bioregional level Alternatives 2 and 3 would produce about the same amount of 
pollutants and have the same impact on wildfire emissions as the Proposed Program. Alternative 4 
could have a dramatically lower impact on air quality as pollutants would be reduced in some cases 
by 9-fold over the Proposed Program (e.g. 4,538 tons of CO produced by Alternative 4 compared to 
33,353 tons by the Proposed Program). Implementing Alternative 4 in the Great Basin, Lake County, 
Lake Tahoe, North Central Coast, North Coast, Sacramento Valley, San Diego Coast and the South 
Central Coast air basins would not increase PM10 and CO above air basin thresholds. No air basin 
would exceed the threshold for SO2 as a result of implementing Alternative 4. On the other hand, 
because so few acres are treated and because so few watersheds experience more than 35% 
treatment, wildfire behavior is not reduced nearly as much as the other alternatives. As a result, 
emissions from wildfire would only be affected on about 5,000 of the 80,400 treated acres in 
Alternative 4, out of the 156,000 acres per year that are likely to burn, statewide.  

5.6.6 Indirect Effects of Implementing the Program/Alternatives 
Over 70% of the total mass of emissions from prescribed fire (and wildfire for that matter) is in 

the form of CO2. As a result, impacts to greenhouse gases, which have been discussed in Section 5.4 
–Climate Change, are substantially affected by the different proportion of treatments among the 
alternatives. Thus, while the impact of the Proposed Program may be positive with respect to the 
emission of criteria pollutants, there may be indirect and adverse effects to climate from the 
Proposed Program. Increases in the amount of SO2 and NO2 could potentially lead to increases in 
acidification of low elevation lakes with possible impacts to amphibians. Although most of the 
prescribed fire takes place on private lands, there is a potential to create nuisance effects to 
neighbors including the soiling of adjacent properties with soot, ash, etc. There is also a potential 
nuisance effect from prescribed fire on visibility. 

5.6.7 Determination of Significance 
There is a relatively high degree of certainty associated with the prediction of emissions of 

pollutants from treatments under the Proposed Program, while there is a low degree of certainty 
about the effect of treatments on emissions from wildfires. Emission of five of the six criteria 
pollutants from the Proposed Program treatments could potentially exceed thresholds for CO, 
PM10 and ozone precursors (NMHCs) in all air basins except for the North Coast, Sacramento Valley, 
San Joaquin and possibly the South Coast air basins which would likely result in a substantial 
adverse effect to air quality. Treatments by the Program could exceed the SO2 thresholds in all air 
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basins resulting in a significant effect. Proposed Program treatments would exceed the thresholds 
of NO2 in all air basins. As a result, the Program and Alternatives will potentially create a significant 
impact to air quality because total emissions of criteria pollutants will likely exceed California’s 
Ambient Air Quality Standards, but with mitigation, the impacts are expected to be less than 
significant. 

Mitigation measures described below will ensure that impacts to air quality are reduced to less 
than significant.  

5.6.8 Similar Effects Described Elsewhere 
The effects to climate and greenhouse gases described in Section 5.4 are similar to the effects 

to air quality.  

5.6.9 Mitigation Measures for the Proposed Program 
Adopt Mitigation Measures 5.6-1 through 5.6-2 to help ensure that adverse effects to air 

quality are reduced to the greatest extent possible.  

Mitigation Measure 5.6-1.  The project applicant shall submit a Smoke Management Plan and obtain a 
smoke management permit from the local Air District.   
 
Mitigation Measure 5.6-2.  Active-phase smoke monitoring shall be conducted during prescribed 
burns. If smoke impacts occur the mitigations or contingencies in the smoke management plan will 
be implemented. 
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5.7 Effects of Program/Alternative Implementation on Water Resources  

This section analyzes the potential impacts to water quality and peak flows due to 
implementing either the Proposed Program or any of the Alternatives.  

5.7.1 Significance Criteria 
Appendix G of the CEQA Guidelines contains the following significance criteria relating to water 

quality and quantity. An effect will be considered significant if results of the analysis indicate that 
any of the following Criteria will be met if implementation of the Program would: 

a) Violate any water quality standards or waste discharge requirements;  
b) Substantially deplete groundwater supplies or interfere substantially with 

groundwater recharge such that there would be a net deficit in aquifer volume or a 
lowering of the local groundwater table level (i.e., the production rate of pre-existing 
nearby wells would drop to a level which would not support existing land uses or 
planned uses for which permits have been granted);  

c) Substantially alter the existing drainage pattern of the site or area, including through 
the alteration of the course of a stream or river, in a manner which would result in 
substantial erosion or siltation on- or off-site;  

d) Substantially alter the existing drainage pattern of the site or area, including through 
the alteration of the course of a stream or river, or substantially increase the rate or 
amount of surface runoff in a manner which would result in flooding on- or off-site;  

e) Create or contribute runoff water which would exceed the capacity of existing or 
planned stormwater drainage systems or provide substantial additional sources of 
polluted runoff;  

f) Otherwise substantially degrade water quality;  
g) Place housing within a 100-year flood hazard area, as mapped on a federal Flood 

Hazard Boundary or Flood Insurance Rate Map or other flood hazard delineation 
map;  

h) Place structures within a 100-year flood hazard area that would impede or redirect 
flood flows;  

i) Expose people or structures to a significant risk of loss, injury or death involving 
flooding, including flooding as a result of the failure of a levee or dam; or  

j)  [Cause] Inundation by seiche, tsunami, or mudflow.  

5.7.2 Determination Threshold 
The Federal Clean Water Act and State Porter-Cologne Water Quality Control Act are the 

primary laws regulating water quality in California. Both contain reference to “designated” or 
“beneficial” uses and water quality “criteria” or “objectives”. The concept of “anti-degradation” is 
also common to both laws and refers to restrictions on activities that will or could decrease the 
water quality of a receiving body of water even if the water body currently exceeds defined water 
quality criteria. Although the aforementioned laws ensure that water quality objectives are similar 
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across California, numeric thresholds for water quality are specific to individual regions and 
waterbodies.  

The nine State Regional Water Quality Control Boards develop and implement Basin Plans, 
which contain the numeric and/or narrative water quality objectives for specific waterbodies in 
each region. There are also specific analyses and recovery plans for waterbodies listed as impaired 
on the 303(d) list. It was beyond the scope of this analysis to predict a numeric change in each of 
the 18 water quality parameters listed in the Basin Plans for each of the 5,600 Cal-Water 2.2 basins 
in the analysis area. Instead, the water quality parameters most likely to be affected by VTP 
treatments were selected for analysis at an intensity level that could be achieved on a statewide 
basis.  

The determination thresholds used in the water quality analyses were based on the following 
narrative standards, which originate in State and Federal water quality control regulation.  

The Program and Alternatives will have a significant adverse effect if treatments ultimately 
result in: 

a) A significant degradation of water quality; 
b) Violations of basin plan objectives; or 
c) Impact a beneficial use.  

Determinations were made at the bioregional level based on modeled effects at the Cal 2.2 
planning watershed scale. The ranges of numeric thresholds established in the Regional Basin Plans 
were reviewed in order make determinations regarding the narrative standards cited above.  

5.7.3 Data and Assumptions 
Based on a review of the literature it was determined that the following water quality 

parameters were most likely to be directly affected by VTP treatments: sediment, temperature, 
fecal coliform levels, and peak flows. Due to the types of treatments and retention of streamside 
buffers in the Program, other water quality parameters (nutrients, pH, toxicity, dissolved oxygen, 
etc.) were not considered to be at risk from VTP treatments and were not analyzed. The potential 
effects of herbicide applications on water quality are addressed in Section 5.17. A modeling 
approach was used to analyze potential effects due to sediment impairment and peak flows and is 
presented below. Modeling was not used in regards to stream temperature or fecal coliform. 

In order to analyze the potential effects of implementing the Program or Alternatives it was 
necessary to consider the types of treatments proposed, the extent of those treatments and the 
Landscape Constraints (LCs) and Minimum Management Requirements (MMRs) included in the VTP, 
which are designed to moderate potential impacts to water quality (Chapters 2 and 3). LCs 1-5 and 
MMRs 1, 2, 6,12 and 17 were designed to protect water quality. The description of treatment 
intensity and extent are described separately for each of the water quality parameter sections 
below. 

• Modeling Approach- Sediment and Peak Flows 
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By altering infiltration rates and evapotranspiration rates, and disturbing the soil VTP 
treatments have the potential to increase overland flow rates and sediment yield, both of which 
directly influence sediment concentrations and turbidity in receiving waters as well as peak flows. In 
general, the more vegetation removed and the more bare ground exposed, the greater the 
potential to increase erosion and ultimately impact water quality. Robichaud, MacDonald and Foltz 
(2007) summarized this relationship as follows: 

 “Erosion rates tend to be positively correlated with percent bare soil and the amount of 
surface disturbance, and these two factors generally are proportional to the number of trees 
being harvested (Haupt and Kid 1965). In general, erosion rates are acceptably low when the 
proportion of bare soil is less than 30 to 40 percent (Benavides-Solorio and MacDonald, 
2005; Gary, 1975; Swank and others, 1989).” 

In order to compare the potential impacts to sediment water quality and peak flows between 
the Proposed Program and the Alternatives it was first necessary to develop estimates of intensity 
for each of the individual VTP treatment types (prescribed fire, mechanical, etc.). The estimates of 
intensity for each treatment type and fire regime were based on the percent of vegetation removed 
and the percent bare ground typically left after treatment (Table 5.0.3). The relative intensity of the 
Proposed Program and each of the Alternatives was then estimated based on the proportion of 
each of the treatment types carried out (see Table 5.0.1). 

In addition to an estimate of the intensity of each treatment type a model was developed to 
predict the potential extent of VTP treatments that would occur in each bioregion over a 10-year 
time period. The 10-year time period was chosen because, except for roads, most VTP treatments 
will recover to near pre-treatment condition (re-vegetate and decrease bare ground) in that time 
period. The extent of VTP treatments was expressed as the percent of each Cal 2.2 watershed 
projected to be treated by VTP projects. The number of watersheds within each percent-disturbed-
area class was then summarized for each bioregion for the Proposed Program (Table 5.0.7) and the 
Alternatives (Table 5.0.8). 

Estimates of the intensity and extent of each treatment type were the basis for analyzing 
potential impacts to sediment effects on water quality and peak flows. Specific site factors such as 
slope, soil type and distance to stream channel were not possible to analyze since the locations of 
future VTP projects could occur anywhere within the 5,600 watersheds in the program area. As a 
result this analysis of water quality is similar to a cumulative effects and not a site-specific analysis 
of a particular project. Given the vast scope of this analysis and lack of site-specific information, 
many of the more detailed physical watershed effects computer models (SEDMODL, WEPP, 
WRENSS, KWCEA, etc.) normally used to link treatment effects and water quality were not useful for 
this analysis. Menning et al., (1996) came to a similar conclusion when attempting to evaluate 
treatment effects across the Sierra Nevada Mountains in the Sierra Nevada Ecosystem Project 
(SNEP) analysis. As with Menning et al., (1996) this analysis uses a modified version of the USFS 
Equivalent Roaded Acre (ERA) methodology.  

The ERA methodology is a “lumped, conceptual model that quantifies total disturbance in the 
watershed through the use of empirical coefficients and recovery curves for each activity 
(MacDonald and Coe, 2004)”. The primary limitations of the ERA model are: 1) it does not separate 
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effects on sedimentation from peak flows, 2) evaluation of recovery time is linked to causes of the 
effects rather than the effects themselves, 3) results are not spatially explicit (location of the project 
in the watershed is not accounted for) and 4) ERA describes a level of risk due to management 
activities but does not offer an index of actual effects (Menning et al., 1996, MacDonald and Coe, 
2004). Despite these shortcomings ERA has proven to be a useful, quantitative accounting 
procedure for estimating potential effects of management activities on water quality and peak flows 
(McGurk and Fong, 1995; USDA Forest Service 2003; USDA Forest Service, 2005; USDA Forest 
Service, 2007).  

The analysis used in this EIR is a variant of the ERA methodology that was limited to analysis of 
treatments within the VTP program, rather than the cumulative effects of all disturbance activities 
in each watershed. Briefly, the ERA method relies on developing an estimate of the relative intensity 
of each treatment type and multiplying that by the number of acres treated by treatment type in 
each watershed. The relative intensity of each treatment is based on assigning a coefficient to each 
treatment type using the common currency of an un-surfaced dirt road as the most intense activity 
possible in terms of concentrating flows and producing sediment (USDA, 1988). An acre of road was 
assigned a coefficient of 1.0; all other activities were assigned a coefficient with a fractional value of 
1. Mechanical treatments were assigned the highest disturbance coefficient(s), followed by 
prescribed burning, hand, herbicide and herbivory (Table 5.7.1 and 5.7.2). 

The ERA coefficients assigned to each treatment type were based in part on the table of 
vegetation removal and disturbed ground (Table 5.0.3) as well as review of ERA coefficients for 
various activities used in USFS regional analyses, particularly the Eldorado National Forest 
coefficients cited in Menning et al., (1996). The ERA coefficients were modified to reflect the fact 
the relative treatment intensity was higher for prescribed fire and mechanical treatment types in 
crown fire-dominated ecosystems (chaparral and grasslands compared to surface fire vegetation 
types (forest/woodland—see Table 5.0.2). The ERA values assigned to crown fire vegetation types 
were reviewed by a USFS Hydrologist familiar with ERA analyses in those vegetation types (Moser, 
pers. comm. 2007). 

 

Table 5.7.1 
ERA Treatment Coefficients for Surface Fire Regime Vegetation Type 
 Prescribed Fire Mechanical Hand  Herbicide Herbivory 
Year 1 0.05 0.15 0.05 0.05 0.0135 
Year 5 0 0.1 0 0 0 
Year 10 0 0.05 0 0 0 
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Table 5.7.2   
ERA Treatment Coefficients for Crown Fire Regime Vegetation Type 
 Prescribed Fire Mechanical Hand  Herbicide Herbivory 
Year 1 0.18 0.4 0.05 0.05 0.0135 
Year 5 0.1 0.3 0 0 0 
Year 10 0.05 0.2 0 0 0 

All ERA coefficients were originally developed for the Eldorado N.F. and were included in the SNEP addendum 
(Menning et al., 1996). Coefficients for surface fire vegetation types were approximated from similar treatment 
types on the Eldorado National Forest. Coefficients for crown fire vegetation types were based on the following 
categories in the Eldorado N.F. Prescribed fire = “High intensity wildfire”, Mechanical treatment = “Ripped and 
obliterated roads and landings.”(Moser, pers. comm., 2007). 

An average ERA coefficient was calculated for the Proposed Program and each Alternative, 
based on the proportional mixture of treatment types in each (Table 5.0.1). The ERA coefficients for 
the Program and each Alternative were then multiplied by the number of acres potentially treated 
in each Cal 2.2 Watershed over a 10-year time period (Table 5.0.7 and 5.0.8). The ERA “acreage” 
values for each watershed were then divided by the total watershed area to get an ERA value 
expressed as the percentage of area of each watershed. ERA values per watershed were assigned to 
bins and the number of watersheds in each bioregion that fell into these bin categories were 
summed for the Proposed Program and the Alternatives.  

The ERA values calculated in this analysis represent only the disturbance related to 
implementation of VTP projects (Tables 5.7.4 and 5.7.5). Other disturbances in a watershed such as 
the road building and maintenance, timber harvest, wildfire, other vegetation management 
projects, housing construction, etc., also would contribute to potential effects on water quality or 
peak flows. The ERA method includes the concept of a Threshold of Concern (TOC) for each 
watershed, which is an estimate of the maximum amount of disturbance (from all sources) in a 
watershed that can occur without initiating adverse water quality or peak flow effects. TOCs 
generally range from 10-20% ERA, depending on the inherent sensitivity of the watershed (USDA, 
1988; Menning et al., 1996).  

Since it was not possible to develop TOCs for each of the 5,600 watersheds in the analysis area 
due to data limitations, it was conservatively assumed that all watersheds were highly sensitive to 
disturbance, which equates to a TOC of 10-14%. Guidance from the Plumas National Forest Empire 
Environmental Impact Statement indicates that disturbances that increase the ERA of a watershed 
by 25-30% of the TOC will tend to produce small, but detectable increases in peak flows (USDA, 
2005). Using the presumed statewide TOC of 10-14% means that ERA increases above 2.5-3.5% 
could begin to produce detectable impacts to peak flows and, presumably, water quality.  

For this analysis, watersheds with less than 2% ERA due to VTP treatments were judged to be at 
very low risk of affecting sediment, water quality or peak flows. Watersheds with 2-5% ERA due to 
VTP treatments were at moderate risk of water quality/quantity effects; 5-10% was considered high 
risk and; greater than 10% ERA would indicate extreme risk of adverse impacts to water 
quality/quantity due to VTP treatments. These thresholds have been set conservatively and may 
need to be adjusted as results become available from site-specific observations. 
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5.7.4 Direct Effects Common to all Bioregions from Implementing the 
Program/Alternatives  

Table 5.7.3 summarizes the information from the balance of this subchapter on the effects of 
implementing the Program across the State by bioregion regarding water quality and peak flows. 
Generally, prescribed fire and mechanical treatments were predicted to have negligible effects in 
bioregions dominated by surface fire regime vegetation types and moderate risk of adverse effects 
in bioregions dominated by crown fire regime vegetation types. Hand and herbivory treatments 
were predicted to have negligible adverse effects regardless of vegetation type. Also, small 
watersheds (<5,000 acres) were more susceptible to water quality and peak flow impacts than 
larger watersheds. Effects due to herbicides are discussed in Section 5.17. 

Table 5.7.3 
Summary Of Effects 1/ on Water Quality and Peak Flows From Implementing the 
Proposed Program 

Bioregion Prescribed Fire Mechanical Hand Herbivory 
Klamath North Coast NA NA NA NA 
Modoc NA NA NA NA 
Sacramento Valley MA MA NA NA 
Sierra NA NA NA NA 
Bay Area NA NA NA NA 
San Joaquin MA MA NA NA 
Central Coast MA MA NA NA 
Mojave NA NA NA NA 
South Coast MA MA NA NA 
Colorado Desert MA MA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, abundance or number of; or are 
outside the natural range of variability, for the resource at issue. Beneficial effects are those effects that improve the diversity, structure, 
size, integrity, abundance or number of; or are within the natural range of variability, for the resource at issue. SA/SB – significant adverse 
effects are those effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. MA/MB - moderately 
adverse or beneficial effects - those effects that can be detected beyond the affected area, but are transitory and usually reversible. NA/NB 
- negligible adverse or beneficial effects - those effects that are imperceptible or undetectable. 
 

• Sediment- Potential Effects on Water Quality 

At the statewide level, for the Proposed Program and all of the Alternatives, 96 to 99% of 
watersheds were projected to have less than 2% ERA due to VTP treatments after 10 years, thus 
being at low risk of impairing water quality/quantity (Table 5.7.4 for the Program and Table 5.7.5 for 
the Alternatives). For the Program and Alternatives 2 and 3 approximately 1% of watersheds were 
projected to be at high (>5% ERA) or extreme risk (>10% ERA) for water quality/quantity effects. At 
the statewide scale, none of the Alternatives or the Proposed Program were significantly different 
from one another - this is due to the overwhelming effect of scale and the coarse grain of this 
analysis. The VTP is small and the State is huge. The annual acreage proposed for treatment within 
the VTP ranges from 47,000 acres in Alternative 1 to 216,910 acres for the Proposed Program and 
Alternatives 2 and 3, which is between 0.1% and 0.5% of the 37 million acre program area each 
year. Essentially, there were so few projects spread over so many acres that the probability of many 
occurring in a single watershed was very low, even after 10 years. Additionally most of the 
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treatment types (except prescribed fire and mechanical in crown fire regimes) are relatively low 
intensity, which combined with the small number of treatments in each watershed, resulted in 
predominantly low ERA values- regardless of alternative. 

Table 5.7.4   
Percentage of Watersheds in Each Bioregion that Fall into ERA Disturbance Categories for 
the Proposed Program 

Bioregion 

Equivalent Roaded Acre Values per Watershed After 10 Years 
 

0% 0-1% 1-2% 2-5% 5-10% >10% 

Proposed Program 

Klamath/North Coast 57.88% 40.42% 1.31% 0.20% 0.20%   
Modoc 43.33% 51.99% 3.12% 1.04% 0.17% 0.35% 
Sacramento Valley   32.86% 18.57% 20.00% 14.29% 14.29% 
Sierra Nevada 38.53% 56.91% 3.58% 0.91% 0.07%   
Bay Area / Delta 36.69% 56.65% 5.85% 0.60% 0.20%   
San Joaquin 31.37% 42.48% 11.11% 9.15% 4.58% 1.31% 
Central Coast 30.27% 52.21% 12.38% 5.02% 0.12%   
Mojave 87.25% 10.29% 1.96% 0.49%     
South Coast 9.56% 67.24% 9.56% 7.85% 3.07% 2.73% 
Colorado Desert 5.41% 75.68% 8.11% 5.41% 5.41%   

Total 42.30% 49.46% 5.07% 2.14% 0.63% 0.39% 
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Equivalent Roaded Acre Values per Watershed After 10 Years 
0% 0-1% 1-2% 2-5% 5-10% >10% 

Klamath/North Coast 86.20% 13.73% 0.07% 
Modoc 95.67% 4.33% 
Sacramento Valley 7.14% 55.71% 15.71% 15.71% 5.71% 
Sierra Nevada 76.84% 22.60% 0.42% 0.14% 
Bay Area / Delta 75.40% 23.19% 0.81% 0.60% 
San Joaquin 62.75% 27.45% 6.54% 2.61% 0.65% 
Central Coast 67.52% 29.90% 2.21% 0.37% 
Mojave 96.57% 3.43% 
South Coast 59.73% 31.40% 4.78% 2.39% 1.71% 
Colorado Desert 27.03% 67.57% 2.70% 2.70% 

Total 78.09% 20.02% 1.16% 0.55% 0.18% 

Klamath/North Coast 58.14% 39.76% 1.44% 0.59% 0.07% 
Modoc 43.67% 50.78% 3.64% 1.56% 0.17% 0.17% 
Sacramento Valley 31.43% 14.29% 25.71% 11.43% 17.14% 
Sierra Nevada 39.02% 55.72% 4.28% 0.77% 0.21% 
Bay Area / Delta 34.27% 57.66% 6.05% 1.61% 0.40% 
San Joaquin 30.07% 42.48% 7.84% 12.42% 4.58% 2.61% 
Central Coast 29.78% 49.63% 14.46% 5.39% 0.74% 
Mojave 87.25% 10.78% 0.98% 0.98% 
South Coast 12.63% 61.09% 11.26% 8.19% 4.10% 2.73% 
Colorado Desert 5.41% 75.68% 5.41% 8.11% 5.41% 

Total 42.38% 48.25% 5.55% 2.63% 0.75% 0.45% 

Klamath/North Coast 58.67% 39.96% 0.85% 0.46% 0.07% 
Modoc 42.81% 52.69% 2.77% 1.39% 0.17% 0.17% 
Sacramento Valley 34.29% 12.86% 24.29% 15.71% 12.86% 
Sierra Nevada 39.65% 55.51% 3.93% 0.56% 0.28% 0.07% 
Bay Area / Delta 37.30% 55.65% 6.25% 0.60% 0.20% 
San Joaquin 29.41% 44.44% 9.15% 11.76% 3.27% 1.96% 
Central Coast 31.62% 48.65% 14.71% 4.78% 0.25% 
Mojave 87.25% 10.29% 1.96% 0.49% 
South Coast 10.92% 62.80% 11.95% 7.51% 5.46% 1.37% 
Colorado Desert 2.70% 78.38% 8.11% 5.41% 5.41% 

Total 43.00% 48.30% 5.38% 2.23% 0.77% 0.32% 

Klamath/North Coast 77.89% 22.04% 0.07% 
Modoc 56.33% 41.94% 1.21% 0.35% 0.17% 
Sacramento Valley 4.29% 51.43% 15.71% 21.43% 5.71% 1.43% 
Sierra Nevada 64.77% 34.88% 0.35% 
Bay Area / Delta 63.71% 34.88% 1.21% 0.20% 
San Joaquin 50.98% 37.25% 7.84% 3.27% 0.65% 
Central Coast 55.39% 42.16% 2.08% 0.37% 
Mojave 93.63% 6.37% 
South Coast 37.20% 51.88% 5.80% 3.75% 1.02% 0.34% 
Colorado Desert 27.03% 67.57% 5.41% 

Total 64.25% 33.50% 1.39% 0.66% 0.16% 0.04% 

Alternative 4 - Air Quality 

Alternative 1- Status Quo 

Alternative 2 - No Herbicide 

Alternative 3 - Water Quality 

Table 5.7.5  Percentage of Watersheds in Each Bioregion That Fall 
  Into Disturbance Categories for the Four Alternatives 
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Alternative 1 resulted in the fewest number of watersheds having post treatment ERA values 
greater than 5%, followed by Alternative 4. These two Alternatives treated the fewest number of 
acres per year at 47,000 and 93,060 acres, respectively - which largely explains why the potential 
impacts were lowest at the state and bioregional scale. The Proposed Program and Alternatives 2 
and 3 treat the same number of acres per year (216,910), but with varying treatment mixtures and 
resulting intensities. At the statewide and bioregional scales there was no significant difference in 
projected proportion of watersheds with ERA Values exceeding 2% between the Proposed Program, 
Alternative 2 or Alternative 3. Again, scale overwhelmed potential differences due to variations in 
treatment intensity.  

However, at the project scale and within a single watershed Alternative 3 would have the 
lowest risk of impacting water quality due to the more protective Landscape Constraints and MMRs 
compared to the other alternatives and the Program. Alternative 4, which limits the amount of 
prescribed burning, has a greater proportion of projects using mechanical treatments. Since 
mechanical treatments are estimated to result in greater ground disturbance than the other 
treatments, it is likely that within a single watershed fewer acres could be treated under Alternative 
4 without initiating water quality impacts compared to the other alternatives. 

Generally, the ERA analysis presented above indicates that, for all alternatives, in the vast 
majority of the watersheds across the state (96-99%) the number of projects will be so few (< 3 in 
ten years) and the intensity of treatments low enough that water quality impacts are very unlikely. 
In watersheds where multiple treatments accumulate over time Alternative 3 will permit the 
greatest acreage to be treated without impacting water quality. Alternative 4 would permit the 
fewest acres treated in a single watershed due the emphasis on mechanical treatments. 

There are no watershed-level studies of the impacts to water quality from the suite of 
treatments contained within the VTP. The majority of studies have focused on 
treatments/disturbances that are more intense than those contained in the VTP; including wildland 
fire, clear-cut timber harvest, road construction, etc. Prescribed burning has received some study. 
Prescribed herbivory (e.g. goats maintaining fuel breaks), hand treatments, understory thinning and 
mechanical treatments have received very little study. The effects of herbicide usage are covered in 
Section 5.17. 

In surface fire vegetation types (i.e. forested areas) the majority of VTP treatment types are 
relatively ‘low-impact’ compared to commercial forestry operations and wildfire. Non-commercial 
thinning, removal of understory vegetation, hand pile and burn, and low intensity prescribed 
burning are all common in surface fire vegetation types. VTP treatments in crown fire regime 
ecosystems remove more live vegetation and leave more disturbed soil than VTP treatments in 
surface fire regime vegetation types. Moderate to high intensity prescribed fire, complete removal 
of vegetation via heavy equipment, and broadcast herbicide applications are commonly used in 
crown fire regime vegetation types.  

Research indicates that when cover of vegetation and litter exceeds 75% only about 2% of 
rainfall becomes runoff and erosion is low (Robichaud et al., 2000). Conversely, when ground cover 
is reduced to less than 10% through severe disturbance, runoff can increase by 70% and erosion can 
increase by three orders of magnitude (Robichaud et al., 2000). Ground cover may be reduced to 



Environmental Impact Analysis -- Water Resources 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.7- 10 

 

less than 10% after high severity wildland fire and road construction. In surface fire regime 
vegetation types most VTP treatments typically retain  >75% ground cover (Table 5.0.3). In crown 
fire vegetation types, residual canopy cover and undisturbed ground are often much lower after 
treatment (Table 5.0.3). 

Although roads occupy a relatively small percent of the area in most forest or wildland settings 
they are typically responsible for the majority of sediment originating from management activities 
(Megahan and King, 2004; Gucinski et. al., 2001; others). Roads increase sediment generation and 
delivery through increased surface erosion, increased incidence of landsliding, and concentration of 
peak flows leading to channel scour. Typically, haul road and skid road construction and subsequent 
yarding and hauling practices are responsible for the majority of road-related erosional impacts.  

No new haul roads or skid roads will be constructed as part of the VTP. Very few of the VTP 
treatment types include yarding or hauling of logs. Road-related erosion impacts from the VTP will 
be limited to re-opening some existing roads to access treatment sites, light truck traffic during 
project implementation, and heavy equipment hauling at the beginning and end of some 
mechanical treatment projects (See MMR 17). Overall, road-related erosion, which is typically a 
dominant source of erosion from wildland management, would be very minor in the VTP projects.  

Within the VTP, prescribed fire and mechanical treatments are the management activities most 
likely to increase the risk of soil erosion (USDA, 2003). Fire severity has a direct influence on post 
fire erosion rates. Low intensity fires generate minimal increases in erosion and return to 
background rates in less than five years, while high severity fires can generate order of magnitude 
increases in sediment yield and require a decade or more to return to background conditions. Slope 
is also a major factor affecting post fire erosion rates, with most of the higher reported sediment 
yields occurring in steep settings. In forests and woodlands, sediment yields from surface fires range 
from 0.1 to 6 Mg/ha/year after prescribed burns and 0.01 to 110 Mg/ha/year after wildland fires 
(Robichaud et. al., 2000). Post fire erosion rates in forested areas returned to baseline conditions in 
2-4 years after low intensity fires, but took as long as 7-14 years after severe wildland fires 
(Robichaud et. al., 2000). Empirical field data collected by Lee MacDonald contained in the Herger-
Feinstein Quincy Library Group FSEIS (USDA, 2003a) yielded the following conclusions: 

  “At the scale of the entire (project area), estimated “worse case” first year 
sediment reaching perennial and intermittent channels from mechanical and 
prescribed fire treatments is considered minimal and approximately equal to 
background erosion rates (0.09 tons/treated hectare from mechanical 
treatments and 0.14 tons/treated hectare from prescribed fire versus 0.1 
tons/hectare/year background).”  

Prescribed fires in chaparral systems often burn at moderate to high severity, which is more 
similar to wildfire than the low intensity broadcast burns conducted in the understory of forested 
systems (DeBano, 1989; Wohlgemuth pers. comm., 2007). In chaparral, sediment yields after 
moderate severity prescribed fires have been reported as generating 10 to 30% of the sediment 
yields generated after high severity wildfires (Wohlgemuth, 2001). Compared to erosion rates from 
unburned areas, sediment yields increased from less than 1 Mg/ha/year to between 3 and 7 
Mg/ha/year (300 to 700% increase) after prescribed fire and 30 to 60 Mg/ha/year after wildfire 
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(3,000 to 6,000% increase) (Robichaud et al., 2000). Wohlgemuth (2001) reported that in one 
Southern California chaparral watershed a high severity wildfire that burned through an area that 
was previously burned in a prescribed fire burned at lower intensity and produced only 10-20% of 
the sediment produced by wildfire in adjacent areas (1.083 Mg/ha versus 20.183 Mg/ha/year). 
Wohlgemuth (2001) also reported that post fire sediment yields returned to background levels in 2-
4 years for both high and low severity fires.  

Mastication of understory vegetation is one of the more intensive mechanical treatments, 
however it may have minimal effects on erosion or runoff rates where vegetation volumes are high 
prior to treatment. Hatchet et al., (2004) found that an excavator based masticator working in 
mixed conifer forests in the Tahoe basin generated 0-9% bare ground and insignificant soil 
compaction after treatment, and concluded that “erosion impacts would be slight to insignificant” 
where a mulch layer 4 to 8 inches thick was developed during the mastication process. The key to 
reduced impacts after mastication is the thick layer of ground-up vegetation (mulch) that the 
machine operates on top of and leaves behind after treatment. However, in vegetation types such 
as desert scrub where the volume of vegetation is relatively low, mastication may have a much 
more dramatic impact on erosion rates due to the minimal mulch cover created during treatment. 

Elliot and Miller (2002) prepared an analysis of implementing the National Fire Plan, which used 
the WEPP model to compare wildland fire, prescribed fire and thinning to one another. The analysis 
indicated that the erosion from wildfire would be about 40 times that of prescribed burning 
(assuming that the prescribe burn was conducted with 90 meter streamside buffers). The model 
estimated thinning at about 70% of the erosion potential of prescribed fire, or 1% of wildfire. For 
stands that were thinned and followed by prescribed fire, 85% ground cover was assumed post 
treatment and 45% ground cover was assumed post wildfire. The analysis was based on the 
assumption that if an acre was not treated, it would eventually burn in a wildfire - thus erosion rates 
from wildfire are used as the “baseline” or “background” condition, rather than the condition that 
existed prior to treatment (unburned, unmanaged). 

Descriptions of hand treatments in the Herger-Feinstein Quincy Library Group Final 
Supplemental EIS indicate that due to the lack of ground disturbance or soil compaction “no water 
quality effects are anticipated to result from hand treatments (USDA, 2003).”  The same document 
also indicated that soil erosion from herbicide application was minimal to non-existent. 

• Peak Flows 

The analysis of VTP treatments on peak flows relies on the same ERA analysis presented in the 
effects of sediment to water quality section and the conclusions reached were the same. The 
following review of relevant literature is meant to provide a check on the conclusions reached using 
the ERA analysis. 

Research indicates that approximately 15-20% of the vegetation in a watershed needs to be 
removed within a decade in order to generate a statistically significant change in water yield 
(Stednick, 1996; MacDonald and Stednick, 2003). Changes in peak flows are roughly proportional to 
the percent of vegetation removed. For example, compared to untreated control watersheds peak 
flows increased by 20-28 percent after removing 30-50% of the forest canopy in northern Arizona, 
while peak flows increased by 90 percent after removing 77 percent of the canopy in another 
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watershed and by 170 percent after removing 100% of the vegetation in a clearcut watershed 
(MacDonald and Stednick, 2003).  

In forested systems (surface fire regimes) timber harvest-related effects on peak flows are less 
pronounced than timber harvest related effects on sediment production (MacDonald et al., 2004). 
Maximum increases in sediment yield from small research watersheds have been reported at one or 
two orders of magnitude, while winter peak flow increases are typically only 10-20% above 
background (MacDonald et al., 2004). These results were predominantly from intensive forestry 
operations, including clear-cutting a significant portion of the watershed. However the pattern is 
instructive, in that management-related effects in forested vegetation types tend to be more 
significant for sediment yield than for peak flows. Also, most of the literature indicates that erosion 
risk from VTP type treatments is low, so by inference risk of increased peak flows would be even 
lower. In reference to forested vegetation types Robichaud et al., (2010) noted “no measurable 
increase in runoff can be expected from thinning operations that remove less than 15% of the forest 
cover.” Based on this research, the risk of increased peak flows due to VTP treatments in surface fire 
vegetation types is very low because none of the VTP treatments will significantly reduce forest 
canopy cover.  

However, in crown fire regime vegetation types where reductions in vegetative cover average 
50-70% and the percent bare ground averages 35-50% after prescribed fire and mechanical 
treatments, the risk of increasing peak flows may be significant (USDA, 2007). The effect of lower 
canopy cover and higher bare ground is accentuated by the fact that soils are typically thin in 
chaparral systems and high severity fires can create hydrophobic soils, either of which can lead to 
elevated overland flow rates (DeBano, 1989). In crown fire dominated ecosystems (chaparral and 
grasslands) increases in peak flows after wildfire tend to be extreme, exceeding 1,000% in many 
cases (Robichaud et al., 2000). Although the potential exists to create hydrophobic soils through 
prescribed burning, burning prescriptions typically are successful at keeping severity low enough to 
prevent formation of hydrophobic soils (DeBano, 1989).  

• Water Temperature- Potential Effects on Water Quality 

The potential mechanisms by which VTP treatments could increase stream water temperatures 
include: removal/burning of riparian vegetation, resulting in increased solar gain on the stream 
surface and decreased water volume in small streams due water drafting for fire control.  

The Proposed Program and Alternatives 2 and 4 include the following Landscape Constraints 
and MMRs, intended to reduce potential impacts to stream temperature from direct solar gain: 

Riparian vegetation, as well as any vegetation significant to maintenance of watercourse shade, 
will be not be disturbed within the WLPZ established on each side of all Class I and II watercourses. 
WLPZs are measured by slope distance from the high water mark of the streamcourse. Vegetation 
within and adjacent to Class III watercourses will be retained, as feasible, to trap sediment.  

Alternative 3 increases the width of the WLPZs for all VTP projects to the maximum width 
specified in the FPRs. Establishing streamside management zones in which vegetation removal, fuel 
reduction and ground disturbance are limited is effective in minimizing the adverse effects of 
vegetation management on water temperature (Murphy, 1995; CAL FIRE, 1997). 
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In general, VTP treatments do not target overstory trees for removal. Considering that few or 
no overstory trees would typically be removed within or outside WLPZs, and disturbance of 
understory vegetation is limited within 50 feet of the watercourse, there is very low risk that VTP 
treatments could decrease shade on Class I or II streams enough to increase stream water 
temperatures. Occasionally a VTP project may include a prescription to remove non-native or 
undesired native overstory tree species to improve habitat, however Landscape Constraints 1, 3 and 
5 provide protection measures to prevent degradation of habitat or water quality when overstory 
trees are removed near watercourses. For the Proposed Program and Alternatives 2, 3 and 4 there 
is no requirement to retain overstory trees along Class III streams, however these are seasonal 
streams that do not flow during the summer months, and thus are not subject to increased solar 
radiation on the stream surface when these streams are flowing. 

The other potential mechanism by which VTP projects could increase stream temperatures is 
reduction of stream flows. Removal/burning of vegetation will not decrease summer low flows 
because reductions in vegetation result in reduced transpirational losses from the watershed and 
typically result in increased, rather than decreased flows (Stednick, 1996). Water drafting is another 
mechanism that could reduce stream flow and result in increased water temperatures. Minimum 
Management Requirement (MMR) 15 (Chapter 2) for the Proposed Program and Alternatives 2-4 
addressed this issue.  

For streams without special status species this MMR will not apply. However, this is not likely to 
have a significant adverse impact on water temperature because most treatments that require 
water drafting (prescribed fire and mechanical) are not conducted during the critical low flow 
months of July, August, and September. Most VTP treatments occur from late fall through spring, 
when streamflows are likely to be higher and more resilient to the relatively minor water 
withdrawals required for VTP treatments. Water drafting for VTP treatments is mostly limited to 
filling one or two fire engines for fire line control, not continuous use for watering roads. 

• Coliform Bacteria- Potential Effects on Water Quality 

Prescribed herbivory will be used to maintain a portion of the fuels treatments in the VTP. At 
the statewide scale there will be up to 21,690 acres per year treated using prescribed herbivory, 
representing 0.05% of the program area (Table 5.0.1). The presence of warm-blooded, grazing 
animals increases the risk of introducing bacterial contamination into the stream channel, and the 
contamination risk increases with the intensity of grazing (Tiedman et al., 1989). Fecal coliform (FC) 
is the standard water quality indicator used to assess the potential for pathogenic contamination of 
surface water and is used in setting water quality standards. 

Direct defecation in the stream channel by animals is the primary mechanism for introducing FC 
into the water column, however FC may also be transported to the stream channel via 
contaminated sediment suspended in overland flow. The types of animals (cattle, sheep, goats, 
etc.), the number of animals, season and duration of treatment, slope, proximity to stream 
channels, soil characteristics, vegetation types, and local hydrology all affect the risk of FC 
contamination. It is not possible to predict the myriad combinations of these factors, which may be 
implemented within the VTP in order to predict potential effects. Therefore, site specific BMPs will 
be required to address this issue for each project (see Mitigation Measure 5.7-3). 
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Proposed Program Effects and Goals 
The Proposed Program would help to reduce the detrimental environmental effects of wildfire 

to watersheds and thus to soil resources (Goal 6) by helping reduce fire severity across the 
landscape, particularly in watersheds where 35% or more of the watershed is treated which helps to 
reduce wildfire extent and severity.  

Alternatives Effects and Goals 
Implementation of Alternative 2 would meet Goal 6 at approximately the same rate and to the 

same extent as the Proposed Program. Alternative 3 would initially meet Goal 5 at approximately 
the same rate and to the same extent as the Proposed Program. However over the long term, 
Alternative 3 only treats about 13.7 million acres with prescribed fire and mechanical treatments 
which is only about 40% of the acres that would be treated under the Program, thus, this 
Alternative over the long term would not meet Goal 5 as effectively as the Proposed Program. 
Alternative 1 would not meet Goal 5 at the same rate or to the same extent as the Proposed 
Program since it would treat so few acres and substantially more acres would likely burn at high 
intensity. Alternative 4, like Alternative 1 would not meet Goal 5 at the same rate or to the same 
extent as the Proposed Program since it would treat so few acres and substantially more acres 
would likely burn at high intensity.  

5.7.5 Bioregion Specific Direct Effects of Implementing the Program/ Alternatives 
on Water Quality 

• Sediment- Potential Effects on Sediment and Peak Flows 

For the Proposed Program and all of the Alternatives the Sacramento Valley, San Joaquin, South 
Coast and Colorado Desert, and to a lesser extent Central Coast Bioregions had the greatest 
proportion of watersheds at moderate (2-5% ERA) or higher risk of water quality/quantity 
impairment. Part of this effect was due to the fact that (except for the Central Coast) these 
bioregions had relatively few total watersheds and many of them were small (<5,000 acres). The 
other reason for the higher ERA values was that, except for the Colorado Desert, these bioregions 
were dominated by crown fire regime vegetation types, which correlate with higher intensity 
treatments (higher ERA coefficients, Table 5.7.2 and 5.7.3). In general, these results indicate that 
small watersheds with a high number of relatively intense treatments are more prone to water 
quality/quantity impacts than larger or less intensively treated watersheds.  

The results from the bioregional analysis of potential impacts to water quality from VTP 
projects (noted above) indicates little overlap with bioregions designated by the State as the “high 
priority landscape1” for water quality (CAL FIRE, 2010). The high priority landscape includes the 
North Coast/Klamath Bioregion, and selected watersheds in the Sierra and South Coast Bioregions 
(CAL FIRE, 2010). Thus, the additional potential risk attributable to VTP projects will not occur in 
watersheds already deemed by the State to be high quality and at elevated risk of impairment to 
water quality. 

                                                 
1  According to CAL FIRE (2010),  “The high priority landscape (HPL) identifies watersheds that support a broad range of 
beneficial uses and coincide with high threats to water quality. The analysis highlights areas where stewardship projects 
have the highest potential to protect and enhance water quality.”   
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5.7.6 Indirect Effects of Implementing the Program/Alternatives on Water Quality 
The indirect effects of implementing any of the alternatives is a decreased burn severity on 

treated acres in the event that a wildfire burns through a treated area. The analyses in this chapter 
and the literature indicate that impacts to water quality are proportional to the intensity of 
disturbance. High severity wildfires followed by significant storm events are amongst the most 
extreme disturbances that occur in California. Thus, VTP treatments, which have the potential to 
reduce burn severity, may also result in decreased water quality impacts, specifically sediment, 
temperature and peak flows (Elliot and Miller, 2002; Wohlgemuth, 2001). The Program and 
Alternatives 2 and 3, which treat the most acres, maximize this potential benefit. 

However, the potential beneficial effects of VTP treatments on water quality will not be realized 
on every acre treated, because the odds of a wildfire burning through a treated area during the 
approximately 10-year post treatment window of treatment effectiveness are variable and low for 
much of California. Analysis conducted in Section 5.2 for the Program (216,910 acres treated per 
year) indicates that, “Due to treatments, particularly in the South Coast, Central Coast and Sierra 
bioregions, the number of acres severely burned could fall from 124,000 acres per year to ~ 98,000 
acres per year. Part of the reason that there is not a larger effect is that only about 41,500 acres of 
treatments in any one- year period could be expected to burn in a wildfire.”  Analyses in Section 5.2 
further indicate that areas that have high fire frequencies over the past 50 years are most likely re-
burn a treated area. Thus, VTP treatments in the South Coast, Central Coast and Sierra bioregions 
are most likely to realize the beneficial effect of reduced impacts to water quality via reduced 
severity of wild fires. 

5.7.7 Similar Effects Described Elsewhere 
The effects of VTP implementation associated with water quality, particularly with regard to 

increased soil erosion or geologic instability are discussed in Section 5.15, Geology and Soils. The 
effects of changes in water quality parameters on Aquatic Biota are discussed in Section 5.5.1, 
Aquatic Resources.  

5.7.8 Determinations Regarding Water Quality  
• Sediment- Determination of Effects on Water Quality 

A concentration of prescribed fire and mechanical treatments in a crown fire regime vegetation 
type dominated landscape represents the highest risk of water quality impairment (of the treatment 
types and landscape types analyzed) and could result in significant, negative effects on water quality 
due to sediment, particularly in small (<5,000 acre) watersheds. The risk of water quality 
impairment due to excessive sedimentation is lower for surface fire regime dominated landscapes, 
though still possible where a large portion of a small watershed is treated in a short amount of time. 
Mitigation Measures 5.7-1 and 5.7-2 were developed to mitigate this risk. 

After considering the Landscape Constraints, Minimum Management Requirements, and 
Mitigation Measure 5.7-1 and 5.7-2 (see below), along with the results of ERA analysis, neither the 
Program nor any of the Alternatives would cross the following thresholds of significance: 

1) Significantly degrade water quality,  
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2) Violate basin plan objectives, and/or  
3) Impact a beneficial use related to effects of sediment on water quality.  

Alternative 1 would result in the fewest number of watersheds statewide with moderate or 
higher risk of sediment water quality impairment. However, since the Landscape Constraints and 
Minimum Management Requirements do not apply to Alternative 1 the risk of site-specific impacts 
are higher on a per watershed basis for this alternative. 

The review of relevant literature corroborates the conclusion that the Proposed Program and 
the Alternatives have a very low risk of causing adverse impacts to sediment water quality at the Cal 
2.2 watershed scale. However, localized discharges of sediment are likely to occur, particularly after 
intense winter storms following treatment. 

There are also potential beneficial effects of VTP treatments on sediment impacts to water 
quality due to reducing the acreage of land burned at high severity by wildfire, which, as noted, 
typically leads to high erosion rates (Section 5.2). Elliot and Miller (2002) and Wohlgemuth (2001) 
both addressed this potential beneficial effect of vegetation treatment projects. Essentially, every 
treated acre represents an acre with decreased fire severity ranking during the next wildfire, IF a 
wildfire burns the treated area within approximately 10 years after treatment. The Proposed 
Program and Alternatives 2 and 3 would maximize this beneficial effect due to the greater area 
treated. 

• Peak Flows – Determination regarding effects on Water Quantity 

As with sediment impacts, a concentration of prescribed fire and mechanical treatments in a 
crown fire regime vegetation type dominated landscape represents the highest risk of increased 
peak flows, particularly in small (<5,000 acre) watersheds. The risk of significantly increased peak 
flows is lower for surface fire regime dominated landscapes, though still possible where a large 
portion of a small watershed is treated in a short amount of time. Mitigation Measures 5.7-1 and 
5.7-2 were developed to mitigate this risk. 

After considering the Landscape Constraints, Minimum Management Requirements, and 
Mitigation Measure 5.7-1, 5.7-2 and 5.7-3 (see below), along with the results of ERA analysis, 
neither the Program nor any of the alternatives would cross the following thresholds of significance: 

1) significantly degrade water quality,  
2) violate basin plan objectives, and/or  
3) impact a beneficial use related to effects of sediment on water quality.  

Alternative 1 would result in the fewest number of watersheds statewide with moderate or 
higher risk of adverse peak flows.  

The review of relevant literature corroborates the conclusion that the Proposed Program and 
the Alternatives have a low risk of causing adverse impacts to peak flows at the Cal 2.2 watershed 
scale after implementing Mitigation Measure 5.7-1. 

• Temperature- Determination regarding Effects on Water Quality 

After considering the Landscape Constraints, Minimum Management Requirements, and 
Mitigation Measure 5.7-1, 5.7-2 and 5.7-3 (see below), along with the results of ERA analysis, 
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neither the Program nor any of the Alternatives would cross the following thresholds of significance: 

1) Significantly degrade water quality,  
2) Violate basin plan objectives, and/or  
3) Impact a beneficial use related to effects of sediment on water quality.  

There is a significant risk of adverse impacts to water temperature under Alternative 1 because 
of the lack of streamside buffers in this alternative. The risk of increased temperature is greatest in 
crown fire vegetation types where significant removal/burning of the majority of vegetation on a 
site is likely under any treatment type. The risk is lower in surface fire vegetation types because VTP 
treatments typically retain overstory vegetation, which will provide adequate stream shade in most 
cases. 

• Fecal Coliform- Determination Regarding Effects on Water Quality 

The risk of significant FC contamination at the bioregional scale is low due to the small scale of 
the proposed treatment type within the VTP (0.05% of program area per year). However, in order to 
prevent potential FC contamination it will be necessary for the project proponent to develop and 
implement standard BMPs suitable for control of animal wastes – Mitigation Measure 5.7-3. After 
considering the Landscape Constraints, Minimum Management Requirements, and Mitigation 
Measures 5.7-1 and 5.7-3 (see below), neither the Program nor any of the Alternatives would cross 
the following thresholds of significance: 

1) Significantly degrade water quality,  
2) Violate basin plan objectives  

5.7.9 Mitigation Measures for the Proposed Program 
The following mitigation measures will be used to help reduce potentially significant effects to 

less than significant. Small watersheds (<5,000 acres) with crown fire regime vegetation are at the 
highest risk of sediment-impaired water quality due to VTP treatments. Mitigation Measure 5.7-1 
will be used to help reduce potentially significant effects to less than significant.  

Mitigation Measure 5.7-1.  The ERA of proposed VTP treatments shall be calculated for all Cal 
2.2 watersheds that will be directly affected by the proposed project. If the ERA value for the 
proposed project will exceed 2%, a more detailed watershed-specific analysis of potential water 
quality effects shall be required (see ERA formula below). A qualitative analysis will be required 
where VTP related ERA is projected to fall between 2 and 5 percent. A quantitative analysis will be 
required where VTP related ERA is projected to exceed 5 percent. The coefficients for each 
treatment type are provided in Tables 5.7.2 and 5.7.3. 

ERA Calculation Formula:  ERA% ={[∑1-x (Tc1*Ta1)]/Wa}*100 
 

Tcx= Treatment Type  Coefficient (look up in Tables 5.7.2 and 5.7.3) 
Tax = Treatment Acreage  
 where x = each type of treatment and corresponding acreage used in the project. 
Wa = Cal 2.2 watershed area expressed in acres 
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Explanation and Rationale: For example, it would be possible to stay below the 2% ERA 
threshold if the suite of treatments in the Proposed Program was applied to ~ 3,300 acres of a 
5,000-acre watershed in a decade if the watershed were composed of surface fire regime 
vegetation type or ~740 acres if the vegetation type was crown fire regime. In order to treat more 
acres in a watershed a detailed, watershed-specific analysis would have to be completed which 
indicated there was a low risk of impairment to water quality/quantity.  

The intensity of site-specific analyses shall reflect the risk posed by the project. Higher intensity 
and/or more extensive treatments, particularly on steep slopes with erodible soils, should receive 
more analytical effort. If the ERA for VTP projects is predicted to fall between 2 and 5% a qualitative 
analysis similar to the  “explain and justify” language contained in the Forest Practice Rules will be 
required which would be a description of site-specific factors, types of treatments and current 
condition of the watercourse with an estimate of potential effects. For projects where ERA is 
predicted to exceed 5% after project implementation the project proponent will have to 
quantitatively “predict” potential impacts and “verify” that actual impacts did not exceed projected 
impacts through monitoring. Prediction could be based on extrapolation of empirical data (i.e. 
sediment budgets or studies of similar treatments in similar settings) or modeling (i.e. WEPP FuME, 
SEDMODL2, watershed specific ERA, etc.). Verification could be based on checklist type hillslope 
monitoring- recording physical evidence of rilling, gullying or sediment delivery at the project site 
after 1 or 2 winters and reporting results to CAL FIRE. Water column monitoring is not likely to be 
feasible or useful as a mitigation. 

Mitigation Measure 5.7-2.  A protective buffer zone shall be designated on Class III 
watercourses in order to prevent introduction of sediment into Class III channels or accelerate 
sediment transport through Class III channels due to VTP treatments. The width of buffer zones shall 
be a minimum of 25 feet where slopes are less than 30% and 50 feet where slopes exceed 30%. 
Heavy equipment shall be excluded except at designated crossings in these buffers (ELZ) and 
broadcast burn intensity will be minimized so that the loss of large fuels (1,000 hour fuels [greater 
than 9 inches in diameter]) shall be minimized. The project proponent shall develop measures to 
limit ground disturbance and consumption of wood within streamcourses that contribute to channel 
stability. 

Rationale:  The Landscape Constraints and Minimum Management Requirements (Chapters 2 
and 3) for the Program and Alternatives 2, 3, and 4 do not include any protection for Class III 
streams. Class III streams occupy a large percentage of the landscape and effectively transport 
sediment to larger Class I and II streams. Sediment transport in Class III streams is often controlled 
by accumulated woody debris, which forms a stepped profile and meters out sediment over time. If 
the woody debris in Class III channels is removed or burned up sediment transport may be 
accelerated.  

Examples of protective measures for Class III buffers include: general exclusion of heavy 
equipment except for designated crossing points, use of fire control lines through wetting 
vegetation rather than bare ground fire lines, using backing fires through Class IIIs, etc. 

Mitigation Measure 5.7-3.  For any project that includes prescribed herbivory within the WLPZ 
of a Class I or II watercourse or the protective buffer of a Class III watercourse (see Mitigation 
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Measure 5.7-3) the following measures shall be followed. The grazed area must be part of a 
Recognized Nonpoint Source Management Plan (California Rangeland Water Quality Management 
Plan) approved by NRCS or local Regional Water Quality Control Board. Alternately, each VTP 
project must include a description of appropriate Best Management Practices (BMPs) that will be 
implemented in order to control nonpoint source pollution due to grazing activities. The description 
of BMPs must be approved by a state Certified Rangeland Manager (CRM). Appropriate BMPs are 
described in the National Range and Pasture Handbook (NRCS, 2003) and the UCANR Rangeland 
Water Quality Fact Sheets (UCANR). 

The following BMPs are typically used to protect sensitive areas (such as streambanks, 
wetlands, estuaries, ponds, lake shores, and riparian zones): (a) exclude livestock, (b) provide 
stream crossings or hardened access to watering areas, (c) provide alternative drinking water 
locations away from surface waters, (d) locate salt and additional shade, if needed, away from 
sensitive areas, or (e) use improved grazing management (e.g., herding) to reduce the physical 
disturbance and reduce direct loading of animal waste and sediment caused by livestock. 

Rationale: There is a potential for substantial adverse effects to water quality due to grazing. 
The Landscape Constraints and Minimum Management Requirements do not include provisions to 
prevent water quality impacts due to grazing. The mitigation measure is consistent with standard 
range management practices and is known to be effective in preventing impacts to water quality. 
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5.8 Effects of Program/Alternatives on Prehistoric, Historic, 
Ethnographic, and Paleontological Resources  

This section summarizes the impacts to prehistoric, historic, ethnographic, and paleontological 
resources from implementing either the Proposed Program or any of the alternatives. Generally, in 
this section these resources will collectively be referred to as “cultural resources”, except where a 
distinction needs to be drawn for analysis purposes. 

5.8.1 Significance Criteria 
The management of archaeological and historical resources for the VTP is designed to comply 

with requirements of CEQA (as amended), the State CEQA Guidelines, the Public Resources Code 
(Section 5020 et. seq.), the California State Register Bill (CCR Title 14), and Executive Order W-26-92, 
and to conform to established CAL FIRE procedures (Foster, 1992; 1994). 

The CEQA Environmental Checklist specifies that the Program and Alternatives would have a 
significant adverse effect to prehistoric, historic, and paleontological resources if any of them 
would:  

a) Cause an adverse change in the significance of a historical resource, as defined in Section 
15064.5 of the CEQA Guidelines (Bass et al., 1999); 

b) Cause an adverse change in the significance of an archaeological resource, pursuant to 
Section 15064.5 of the CEQA Guidelines; 

c) Directly or indirectly destroy a unique paleontological resource or site or unique geologic 
feature; 

d) Disturb any human remains, including those interred outside of formal cemeteries. 

In addition to prehistoric and historic archaeological sites, cultural resources also include those 
used for traditional cultural practices, or “ethnographic” resources. The term “traditional” refers to 
those beliefs, customs, and practices of a living community of people that have been passed down 
through generations, usually orally, or through practice. The term “cultural” refers to those 
attributes that are important to support the traditions, practices, lifeways, arts, crafts, or social 
institutions of a community, Indian Tribe, or other local ethnic group. The traditional cultural 
significance of a historic resource, then, is derived from the role the site plays in a community’s 
historically rooted beliefs, customs, and practices (USDI BLM, 2005). Examples of traditional sites 
possessing such significance include: 

• Locations which are associated with the traditional beliefs of local Native American 
communities about their origin or cultural history, or the nature of the world; 

• Locations where Native American religious practitioners have historically gone, and are 
known or thought to go today, to perform ceremonial activities in accordance with 
traditional cultural rules of practice; or 

• Locations where Native Americans have traditionally carried-out economic, artistic, or other 
cultural practices important in maintaining their historical identity (e.g., gathering sites for 
basketry materials or medicinal herbs).  
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5.8.2 Determination Threshold 
The Program and Alternatives would have a significant effect to cultural resources if treatments 

ultimately result in: 
 

• A substantial adverse change in the characteristic(s) contained in that resource which qualify 
it as being significant; 

• An adverse change to locations associated with the traditional beliefs of Native Americans, 
including areas used or assumed to be used for ceremonial activities; or 

• An adverse change to locations and or resources used by Native Americans to carry out or 
support economic, artistic, or other cultural practices.  

 
State law and regulation requires that any proponent of a VTP project must follow a defined 

methodology to determine the potential to affect cultural resources, including measures to avoid or 
mitigate adverse impacts to these resources (Foster, 1992; 2003) (CAL FIRE, 1996). This “CAL FIRE 
Protocol” is described in detail in Section 5.8.4 below. 

The significance of an historical resource is materially impaired when a project demolishes or 
materially alters in an adverse manner the physical characteristics of a historical resource so that it 
would no longer be included in the California Register of Historic Places or a local register of 
historical resources (Bass et al., 1999). The criteria for listing are included in Section 4.8.2 of this 
document. 

An adverse change to an ethnographic resource is one that would lessen the ability of Native 
Americans to access traditional sites, or to utilize such sites or the resources therein for their 
traditional purposes. 

A “substantial adverse change” in the significance of an historical resource means physical 
demolition, destruction, relocation, or alteration of the resource or its immediate surroundings such 
that the significance of an historical resource would be materially impaired. 

5.8.3 Data and Assumptions 
One of the primary goals of the Vegetation Treatment Program is to restore a natural range of 

fire-adapted plant communities through periodic low intensity vegetation treatments. Before 
contact with Europeans, the indigenous Indian inhabitants of California conducted seasonal burning 
in order to manage for various amenities, including ease of travel, observation of the landscape, 
improvement of forage for game species, pest suppression (e.g., burning to reduce acorn worms), 
maintenance of grasslands for seed gathering, stimulating the production of basket materials, and 
others. These practices allowed for the development of healthy mixed-species and all-aged forests, 
with a high proportion of large conifers that could withstand repeated fire.  

European intrusion greatly curtailed burning by Native Americans, but it continued on a limited 
scale. Seasonal burning was also commonly practiced by ranchers through the mid-late 1800s, but 
was suppressed by the USFS or other government entities during the widespread institution of fire 
suppression that began in the early 1900s. With the suppression of burning, the older trees became 
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progressively older and more senescent, and timber stands became crowded with smaller trees and 
brush that had formerly been periodically removed by burning (Round Valley Indian Tribes 2006). 
Comparison of photographs (including aerial photographs) from the mid-1900s to the 1990s or later 
shows a decrease in grassland area as shrubs and trees encroached upon prairies. Today, due to the 
accumulation of fire-prone vegetation types and the seasonally fire prone Mediterranean climate of 
California, there is an elevated risk of high intensity wildfire across much of California. Fires that are 
more intense than those that occurred in the pre-contact landscape have the potential to degrade 
or destroy not only prehistoric cultural remains, but historical features and sites as well. While fire is 
often compatible with the lifeway values of current-day Indian people (such as production of 
basketry material), very intense fires can alter native plant communities and lead to infestation by 
non-native invasive plants. Restoration of natural fire regimes and removal of invasive vegetation 
can decrease the risk of high intensity wildfire while contributing to the restoration and 
maintenance of historic and ethnographic features (USDI National Park Service, 2003).  

However, vegetation treatment techniques and methods pose their own risks to cultural 
resources. Prescribed burning is typically conducted within smaller units than would normally be 
affected by a wildfire, within which fire intensities and burning patterns may cause more impacts 
than would natural disturbance, even that of high intensity wildfire (Foster pers. comm. 2006). The 
use of heavy equipment or hand treatments to construct firelines and safety zones, or as the 
primary treatment for vegetation, obviously did not occur in the pre-contact period and has great 
potential to disturb cultural resources. Because of the abundance of cultural resources within the 
state and the potentially destructive nature of many vegetation treatments, implementation of the 
Proposed Program or any of the Alternatives has high potential to cause adverse impacts to cultural 
resources. This potential for harm, however, is balanced to a large extent by the protocol that CAL 
FIRE has instituted to avoid adverse impacts, as described below. The VTP is unique to CAL FIRE 
programs in that it contains an Archaeological Survey Report with a signature line whereby a 
professional archaeologist provides specific project approval (Foster, pers. comm., 2006). 

Legal Requirements 

The Archaeological Review Process for CAL FIRE Projects (Foster and Pollack, 2010) summarizes the 
legal requirements for archaeological responsibilities of the agency, as below:  
 

“Legal Requirements:  A number of state laws and regulations require CAL FIRE to 
identify and protect cultural resources. Section 106 of the National Historic 
Preservation Act and its implementing regulations also apply to some CAL FIRE 
projects when federal funds are being used. The primary mandate requiring 
archaeological review of CAL FIRE projects is found in the California Environmental 
Quality Act (CEQA). This state law requires CAL FIRE to identify potential impacts to 
archaeological resources during our assessment of environmental impacts from CAL 
FIRE projects, and to change the project or develop mitigation measures to eliminate 
or reduce the severity of those impacts. Additional state agency requirements 
pertaining to the management of cultural resources on state-owned lands are found 
in Public Resources Code (PRC) Section 5024. Environmental Impact Reports (EIRs) for 
CAL FIRE’s California Forest Improvement Program (CFIP), Vegetation Management 
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Program (VMP), State Forest Management Plans, and our statewide Management 
Plan for Historic Buildings and Archaeological Sites contain specific requirements we 
must follow. California Executive Order W-26-92 directs CAL FIRE to develop programs 
for the preservation of the state’s heritage resources throughout our jurisdiction. CAL 
FIRE also receives funding from several federal agencies to support our programs. This 
brings in a suite of federal laws and regulations pertaining to the protection of cultural 
resources. In 1996, CAL FIRE entered into a Programmatic Agreement (PA) with the 
U.S. Forest Service (USFS), State Office of Historic Preservation, and the Advisory 
Council on Historic Preservation that specifically addresses CAL FIRE’s responsibilities 
for archaeological review of CAL FIRE projects funded by the USFS. This PA was 
superseded by a new PA in 2004 that is broader in scope to include CAL FIRE projects 
utilizing federal funds provided by the Bureau of Land Management (BLM) and United 
States Department of the Interior, Fish and Wildlife Service (FWS) in addition to the 
USFS. The procedures outlined in this document are intended to satisfy all of these 
legal requirements. A more complete listing of applicable laws and regulations is 
presented in CAL FIRE’s Reference Manual and Study Guide for the CAL FIRE-CLFA 
Archaeological Training Program for Registered Professional Foresters and Other 
Resource Professionals.” 

Bioregional Variation in Cultural Resources or Effects from Treatments 

Certain regions within California contain notable concentrations of cultural resources, such as 
the historic resources associated with the Gold Rush in the Sierra Nevada foothills. Prehistoric 
resources, on the other hand, are common across the entire state, where they tend to be associated 
with geographical features such as gentle terrain and water or lithic sources. Ethnographic, or 
traditional, resources are generally known to contemporary Native Americans; for instance, the 
California Indian Basket Weavers’ Association actively manages many gathering areas on tribal and 
non-tribal lands, and the Hupa, Yurok, and Karuk people maintain and protect many village sites 
dating back thousands of years. Paleontological resources, though not as common as prehistoric 
resources, are found in many places statewide. For instance, Mount Diablo and Anza Borrego State 
Parks contain particularly rich and varied concentrations of fossils. 

However, although certain areas are known or can be assumed to contain concentrations of 
cultural resources, the likelihood of the VTP program adversely affecting such resources cannot 
reasonably be differentiated by bioregion. Prehistoric resources, in particular, are equally likely to 
occur in any bioregion due to the multi-millennia long occupation of the state by Native Americans 
during the prehistoric period. Cultural resources of many types may occur within any bioregion and 
any number of vegetative types (Foster pers. comm., 2006). While a proposed treatment in the 
Sierra foothills may be more likely to affect historic resources than in the Central Coast, there is 
nevertheless almost always potential for some type of cultural resource to occur within a proposed 
project area within any bioregion. For this reason, the analysis in this chapter will cover the entire 
state, and will focus on identification and protection measures to protect all significant sites, as 
prescribed by State law and regulation. 
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5.8.4 Direct Effects Common to all Bioregions From Implementing the 
Program/Alternatives 

Table 5.8.1 summarizes the information from the balance of this subchapter on the effects of 
implementing the Program across the state by bioregion in terms of effects on Cultural Resources. 

Table 5.8.1 
Summary of Effects1/ On Cultural Resources from Implementing the 
Proposed Program 
Bioregion Prescribed Fire Mechanical Hand Herbivory 
North 
Coast/Klamath 

NA NA NA NA 

Modoc NA NA NA NA 
Sacramento Valley NA NA NA NA 
Sierra NA NA NA NA 
Bay Area NA NA NA NA 
San Joaquin NA NA NA NA 
Central Coast NA NA NA NA 
Mojave NA NA NA NA 
South Coast NA NA NA NA 
Colorado Desert NA NA NA NA 

1/ Key to Effects: adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or are 
within the natural range of variability, for the resource at issue. SA/SB – significant adverse effects are those 
effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. MA/MB - 
moderately adverse or beneficial effects - those effects that can be detected beyond the affected area, but are 
transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects that are 
imperceptible or undetectable. 

Prescribed Fire 

Prescribed fire can produce a variety of changes to cultural resources that can be adverse, 
neutral, or beneficial depending on the intensity of the burn, types of materials comprising the 
resource, and history of previous fires. The relationship between these factors must be taken into 
consideration to adequately assess the effect of burning on specific characteristics of these 
resources and to identify appropriate mitigation measures (Jones and Stokes Associates, 2000). 

Burn intensity is a product of combustion temperature, duration of heat, and heat penetration 
into the soil (Lentz et al., 1996). These, in turn, are dependent on environmental variables such as 
type and quantity of woody fuels, soil moisture content, wind, and air temperature. Studies typically 
describe these effects in terms of low, moderate, and high intensity burn categories that generally 
correspond to those defined by Eininger (1990): 

• Low intensity burns—212-482°F, temperatures in soil do not exceed 212°F at a depth of 
1-2 cm; 

• Moderate intensity burns—572-752°F, temperatures in soil will reach 392-572°F at a 
depth of 1 cm; and 
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• High intensity burns—932-1,382°F, temperatures in soil can reach 662-842°F at a depth 
of 1-2 cm and 212°F at 5 cm. 

The elevated temperatures for each of these categories are confined primarily to the ground 
surface, with little heat transferred below the first few centimeters of the soil. Little attention has 
been given to the added effects contributed by the duration of burning for any of these categories 
(Foster, pers. comm., in Jones and Stokes, 2000). Preliminary studies show that when fuels are 
allowed to burn at a single location (e.g., such as a large log or stump) for an extended time, 
subsurface temperatures can become elevated substantially (Deal, 1997; Lentz et al., 1996). 

Burn intensity can be correlated to some degree with typical fuels reported for specific 
vegetation types (Skinner and Chang, 1996). Jones and Stokes (2000) contains a detailed discussion 
of the relative effects of low, moderate, and high fire intensity to a variety of cultural resources, as 
well as dating techniques, which is summarized in Table 5.8.2. 
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Table 5.8.2  
Effects from Low, Moderate, and High Intensity Fire on Cultural Resources 
Intensity Associated 

Fuel Types 
Cultural 

Materials 
Potentially 
Damaged 

Surface vs. 
Subsurface 

Damage 

Dendro-
chronology 

Thermo-
luminescent 

dating of 
pottery and 

Archaeo-
magnetic 

dating 

Hydration 
Values 

Low Grassland, 
Forests with 

Thin Duff 

Organic 
materials: 

Wood, Bone, 
Plant, Antler 

Surface only Negatively 
affected 

None to 
light 

damage 

Largely 
Unaffected 

Moderate Mixed Grass 
Prairie, 

Pinõn-Juniper, 
Younger 

Chaparral 

Organic 
materials 
including 

pollen. 
Surface stone 

tools, glass 
bottles, 

marine shell, 
bone, 

pottery, lead, 
glass 

Surface; 
subsurface 
with heavy 

fuels 

Negatively 
affected 

None to 
light 

damage 

Moderate 
damage 

High Mature 
Chaparral, 
Ponderosa 
Pine, Pinõn 

Pine/Juniper 

Same as 
moderate, 
also fossils, 

rock art, 
construction 

materials, 
ground stone 

items, 
sandstone 
masonry 
blocks. 

Sub-surface 
likely 

damaged 

Likely 
destroyed 

Negatively 
affected 

Not 
measurable, 

greatly 
damaged. 

Because of the variability in burn conditions (e.g., fuel load, wind, humidity, and air 
temperature) it is difficult to make an absolute correlation of burn intensity with any particular 
vegetation type. This is especially true for areas in which fire suppression practices have allowed 
fuels to accumulate in higher concentrations than under pre-fire suppression conditions. 

Post-burn Effects 

The loss of ground cover after a prescribed burn can result in increased visibility of the ground 
surface, exposing site constituents to collection by the public and by uninformed fire crew 
personnel. The loss of water-holding capabilities of vegetation and litter create increased erosion 
hazard. These effects from surface erosion are more severe on slopes of higher gradient than those 
of lower gradient (Kight, 1992). Removal of vegetation by burning also removes vegetation that has 
aided in stabilizing masonry and dry-laid walls (Traylor, 1981). These effects are generally short 
term, and slow as vegetation cover is re-established (Kelley and Maburry, 1980; Kight, 1992). 
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If an area has been burned within the past 75 years or so, most of the perishable items may 
have been destroyed. However, archaeological and historical resources should be evaluated in 
relation to the following conditions: 

• The potential for cumulative loss of information from repeated impacts;  
• The potential for future burn intensity to be more intense than past fire events (e.g., low 

versus high fuel buildup); and  
• The potential for recent surface exposure of artifacts or features from bioturbation and 

erosional processes. 

Beneficial effects as well can result from controlled burning practices. Reducing heavy fuel 
loads through controlled, prescribed burns will result in lower fire intensity in future natural or 
prescribed burns. Prescribed burning can be used to reestablish the historic environmental context 
of significant archaeological and historical resources. For example, fire can be used to combat the 
recent invasion of forest or chaparral vegetation into original grassland settings of a region, or 
remove overgrown brush from historic trails. For traditional Native American practices, burning can 
be used to promote the growth of certain plants used for spiritual practices (e.g., Angelica root) 
food, medicine, or craft manufacture. Post-fire surveys will reveal sites previously hidden by duff 
and slash, and better ground visibility will allow refinement of boundaries of previously identified 
resources, aiding in the future management of these resources (Jones and Stokes, 2000). 

Mechanical  

Mechanical treatment poses the greatest risk to cultural resources of any VTP treatment. Use of 
heavy equipment may adversely affect the physical integrity of cultural resources by physical 
destruction or damage, displacement, covering, uncovering and exposing resources to the 
elements, and/or to unauthorized collection. Impacts on resources could occur from disking, 
bulldozing, and driving across sites, or from covering sites with slash or chips (from chipping 
operations). Clearing of vegetation reduces soil cover, exposing artifacts and facilitating surface 
erosion. Felling and removal of trees and other vegetation can also expose the ground surface and 
displace or expose cultural resources (Jones and Stokes, 2000).  

Hand Treatments 

Hand clearing can damage artifacts and their spatial distributions within resource areas in many 
of the same ways as mechanical clearing, though not typically to the degree caused by mechanical 
treatments. However, the closer scrutiny likely with handwork can tempt work crews and other 
project personnel to collect artifacts (Jones and Stokes, 2000). 

Herbivory 

The effects of herbivory on cultural resources can include trampling, artifact breakage, soil 
compaction (which can disturb soil profiles and affect dating), reduced ground cover, and 
destabilization of stream banks, leading to erosion and displacement of artifacts (USDA Forest 
Service, 2007). Grazing animals, especially large, heavy animals such as cattle, can dislodge and 
damage cultural resources (Osborn et al., 1987). Vegetation reduction by prescribed grazing may 
reduce flame lengths and thus fire severity. The clearing of vegetation may also expose cultural 
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resources to the elements and to unauthorized collection. Fewer persons than are involved with 
hand clearing are on site during grazing activities, however, so the risk of collection is lower than for 
hand clearing. In Mexico, grazing on archaeological sites has led to erosion and unauthorized 
collection by herders (Society for American Archaeology, 2004). However, controlled grazing under 
the VTP would be much less likely to cause either of these effects. Herbivory using browsers, such as 
goats, could conceivably reduce vegetation (such as hazel shoots or bear grass) utilized by Indian 
basketweavers. Overall, negative effects of herbivory are considered lower than for mechanical or 
hand clearing. 

Herbicides 

Application of herbicides alone is unlikely to cause any direct effects to prehistoric, historic, or 
paleontological resources. However, herbicides could harm traditional use plants or threaten the 
health of the people gathering, handling, or ingesting recently treated plants, fish, or wildlife that 
are contaminated with herbicides. Since roots and other plant materials harvested by Native 
peoples are often found in close proximity to vegetation treatment areas, the potential exists for 
herbicides to drift from treatment areas onto gathering areas used by Native peoples. In some 
cases, vegetation important to Native peoples, including juniper, may be treated in areas where 
these plants are invasive and crowding out more desirable vegetation (USDI BLM, 2005).  

The use of herbicides on private and public lands is of utmost concern to California Indian 
basketweavers because of the potential harmful effects their use may have on the health of Native 
plant gatherers and communities, as well as the health and vitality of the environment. A weaver 
may be exposed to herbicides by making skin contact while gathering. In addition, most of the 
materials a weaver collects are passed through her mouth in preparing it for weaving. The plants 
that are eliminated by herbicide spraying because of their lack of commercial value are often the 
same plants that provide Native people with traditional foods and teas, and that are used in 
baskets, for healing, and for ceremonial and other traditional purposes (California Indian 
Basketweavers’ Association (CIBA), 2007). 

Effects of Treatments at the Landscape Scale 

Prehistoric, historic, and paleontological resources are fixed in place. Therefore, the effects on 
any of these resources located within the 216,910 acres annually treated by the Proposed Program 
depend on whether the cultural resource sites are identified before significant degradation has 
occurred. Effects to both known and unknown sites are mitigated by the standard practices of 
applying MMR 7 (the standard CAL FIRE protocol). No threshold is proposed for the number of sites 
that could be degraded so as to diminish their significance as a result of the Program: any such 
degradation would be considered a potentially significant effect of the program and would require 
development and application of mitigation measures. However, rather than developing mitigation 
measures, CAL FIRE has incorporated Minimum Management Requirement 7 that will apply to every 
VTP project. MMR 7 requires that a defined protocol be followed for each VTP project (Chapter 2).  

Standard CAL FIRE Protocol 

CAL FIRE protocol for protecting cultural resources is based on the CAL FIRE manual 
Archaeological Review Procedures for CAL FIRE Projects (Foster and Pollack, 2010). For every 
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project, a Preliminary Study to determine the potential for cultural resource impacts will be 
conducted by the project manager in collaboration with a CAL FIRE archaeologist or his/her 
designee. Based on recommendations from the Preliminary Study, further protective measures may 
be applied, including an on-the-ground cultural resources survey, notification of Native Americans, 
pre-field research, development of protective measures, recording of sites, and completion of an 
archaeological reconnaissance report. For projects funded with federal dollars, consultation with 
the State Historic Preservation Office (SHPO) under the requirements of Section 106 is required 
where significant archaeological or historic resources are identified. 

The flow chart on the following page (Figure 5.8.1) shows the review process for cultural 
resources for each CAL FIRE project. A detailed description of each of these steps is contained in 
Archaeological Review Procedures for CAL FIRE Projects (Foster and Pollack, 2010). 
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Figure 5.8.1
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If the Preliminary Study reveals the potential to affect cultural resources, the CAL FIRE 
project manager (or his/her designee) will conduct an intensive cultural resource survey of the 
project area. In most situations, this survey will include all of the procedural steps shown on the 
Cultural Resource Review Procedures flow chart above. Barring an unusual exception, the list of 
tasks specified in Cultural Resource Survey Procedures must be completed as part of the cultural 
resource review for every CAL FIRE project that is determined to have the potential to affect 
cultural resources. During the review of certain projects, the CAL FIRE project manager may 
determine that one or more of the procedural steps could be omitted. However, the 
concurrence of a CAL FIRE Archaeologist must be obtained in order to bypass any of these 
steps.  

CAL FIRE has established a list of practices determined to have little potential to adversely 
affect cultural resources (Foster, 2003: pp. 8-12). Barring unusual circumstances (such as 
consideration for Native American traditional gathering areas), if the proposed project includes 
only those activities, an archaeological (field) survey will not be required. If ground-disturbing 
activities are part of a proposed project, then an archaeological survey will be required. For 
projects that do not include ground-disturbing activities, this requirement can usually be waived. 
All forms of burning, including broadcast burning and the burning of piled brush, will usually 
require archaeological survey. 

Although Programmatic Environmental Impact Reports (PEIRs) such as this one discuss the 
broad aspects of environmental impacts, specific project impacts are identified and mitigations 
are developed through the Environmental Checklist process, which includes a structured 
component for archaeological resources. That structure involves the actions of Unit Foresters, 
sometimes assisted by a consulting Registered Professional Forester (RPF) and/or VMP 
Coordinator, working in close consultation with a CAL FIRE Archaeologist, who completes, 
assists, or oversees the archaeological survey work and impact analysis. Almost all Unit 
Foresters, VMP Coordinators, and consulting RPFs have completed CAL FIRE’s Certified 
Archaeological Training Course and provide valuable assistance to the CAL FIRE Archaeologist in 
completing this work. This process has been in place long enough that close working 
relationships have been developed, resulting in a well-coordinated and highly efficient 
archaeological review process that leads to the timely completion of archaeological clearance 
for the project and adequate protection for cultural resources (Foster and Robertson, 2005). 

CAL FIRE’s archaeological review procedures apply well to CAL FIRE projects where CAL 
FIRE is the lead agency and a certified Programmatic EIR covers the results of the review. 
Currently, for CEQA compliance for projects conducted under the Prop 40 Program, CAL FIRE may 
not be the Lead Agency. However, once the VTP PEIR is certified, projects must comply with the 
VTP checklist, which will dictate procedures. Other agencies that rely on this document will 
need to ensure that their procedures meet or exceed the requirements this EIR requires, 
including a field archaeological survey, as needed.  

If archaeological review procedures indicate that a project site has low potential for 
containing significant resources, the project may proceed without ongoing oversight by the CAL 
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FIRE archaeologist. In such cases, if an unknown site is discovered during project operations, 
the project proponent is required by the VTP Contract to immediately halt all operations that 
could damage the site, and contact the local CAL FIRE Archaeologist for an evaluation of the 
significance of the site. 

If potentially significant cultural resources are identified within project boundaries, the 
project may proceed if the project manager and archaeologist incorporate site-specific 
protective measures. Such measures may include: 1) soil will not be disturbed in areas where 
disturbance would harm the resources; 2) specific sites will be left unburned if burning would 
tend to degrade the resources; 3) crews will be carefully supervised to avoid unauthorized 
collecting or other disturbance of the site; and/or 4) areas will be designated for avoidance by 
machinery, hand crews, and/or fire. 

The effectiveness of the CAL FIRE procedure relies on the consultation and collaboration of 
the CAL FIRE project manager and the in-house expertise of the CAL FIRE Archaeologist. Project 
manager compliance is tracked through inclusion of questions specific to cultural resources in 
the Project Checklist (Chapter 8). CAL FIRE maintains a cadre of professional archaeologists who 
are assigned to review projects under CAL FIRE jurisdiction. There are 12 Cultural Resources 
Information Centers located around the state, which provide information on archeological and 
historical resources, allowing for ready identification of recorded cultural resources. 
Professional archaeologists on CAL FIRE staff have expertise regarding the multitude of factors 
that indicate the likely presence of an unknown site; this knowledge may also be supplemented 
by pre-project research. If a cultural site is potentially located within a proposed project area, a 
certified surveyor will conduct an on-the-ground cultural resources survey. Based on the results 
of that survey, the project may be allowed to proceed without hindrance, or protective 
measures may be instituted to protect any potentially significant site, including cancellation or 
major redesign of the project. 

As noted in Section 5.14.4, the VTP jurisdiction area includes the following amounts of land 
open to public recreation (see Section 4.14.2): 1.4 million acres of State Park Lands, ~1 million 
acres of DFG and CAL FIRE lands and ~2 million acres of Conservancy lands. In addition, there is 
an uncalculated acreage of likely CAL FIRE jurisdiction lands that are held in trust for American 
Indians by the Bureau of Indian Affairs. These trust properties include Indian reservations and 
Indian allotments (private lands held in trust for individual Indians).  

This analysis assumes that traditional lifeway (ethnographic) resources currently being 
utilized by Native Americans, such as ceremonial sites or gathering areas, are generally not 
located on private fee parcels; or if they are, the landowner most likely knows about such sites 
and the activity takes place with his/her consent. The same almost certainly holds true for 
traditional activities that take place on tribal trust properties. However, there is no guarantee 
that the ~3.4 million acres of land open to public recreation do not contain ethnographic 
resources. Because under CAL FIRE protocol it is possible that VTP projects could proceed 
without consultation with Native Americans who may be utilizing ethnographic resources on 
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publicly accessible lands, Mitigation Measure 5.8-1 has been developed to help ensure that 
such resources are protected from the impacts of VTP projects.  

Effects of Alternatives on Cultural Resources 

Alternative 1, the status quo, would annually treat 47,000 acres statewide, 9,870 acres 
with mechanical treatments (which, as noted, generally have the potential to cause the most 
damage to cultural resources). Because the geographic extent of this alternative is much less 
than the Proposed Program, the chances of causing a significant adverse impact are much less 
than under the Proposed Program or Alternative 2, each of which propose to treat 216,910 
acres yearly (42,000 acres of which, in each alternative, utilize mechanical treatments). 
Alternative 2 is identical to the Proposed Program, except that herbicides would not be used. 
Alternative 3 would also treat 216,910 acres, but slightly fewer acres by mechanical means, at 
36,750 acres. Alternative 3 includes the same mix of treatments and the same number of acres 
being treated as the Proposed Program but includes additional protections to reduce impacts to 
special status species and special status plant communities, which can be important to 
maintaining Native American lifeways. Acreages treated by herbicides are shown in the total 
acreage in Table 5.3.2, and the effects of treating forest and rangelands with herbicides are 
described in Section 5.17. Alternative 4 uses the same treatments as the Proposed Program but 
they are applied to substantially fewer acres: 80,400. However, because Alternative 4 includes 
significant restrictions on prescribed burning, it treats a higher proportion of its total acres: 
19,932, by mechanical means. Alternative 4 would have less chance than either the Proposed 
Program or Alternative 3 to adversely affect cultural resources, but more chance for adverse 
effects than Alternative 1. 

5.8.5 Indirect Effects of Implementing the Program/Alternatives 
Off-Site Project Impacts 

MMR 7 is focused on the project area; therefore, indirect effects of implementing the 
Program or the alternatives could potentially occur if off-site operations of the project were to 
impact a cultural site outside of the project area. For instance, effects might occur if project 
equipment were parked on an adjacent area that had not been evaluated as part of the project, 
or if an access road ran through an unknown site. These impacts are considered transitory and 
unlikely; nevertheless, indirect impacts can be addressed by requiring the project proponent or 
state archaeologist to assess the potential for sites to exist on off-site areas that might be used 
for parking, crew campsites, transportation, etc. 

Effects from Reduction of Wildfire Intensity 

As discussed in more detail below, wildfire can have detrimental effects to cultural 
resources. Generally, the more intense the fire, the more potential there is to degrade cultural 
resources. Table 5.2.1 indicates that the Proposed Program would have a negligibly beneficial 
to strongly beneficial effect on wildfire intensity across every treatment type and location, and 
would cause no exacerbation of wildfire intensity related to the Program. The Proposed 
Program can therefore be expected to have a beneficial effect to cultural resources to the 
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degree that wildfire intensity is decreased, thereby helping protect the integrity of the 
resources. 

5.8.6 Determination of Significance 
As long as the CAL FIRE archaeological protocol is followed throughout all the stages of 

each VTP project, including involvement of a professional archaeologist for evaluation and 
clearance of the project, the VTP program will not create a significant adverse impact to 
prehistoric, historic, or paleontological state cultural resources. The safeguards that are in place 
must be supported by personnel and funding adequate to perform their stated intention, and 
include training of CAL FIRE personnel that design VTP projects; review and approval by the CAL 
FIRE archaeologist, including a determination that there will be no significant adverse effects by 
signing off on the Archaeological Survey Report for every project; and notification, review, and 
continued consultation and communication with Native American persons or groups who may 
have an interest in any project. This protocol is codified in this EIR via inclusion of Minimum 
Management Requirement 7, as stated in Section 2.3.  
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5.9 Population and Housing 

This section summarizes the impacts to population & housing due to implementing either the 
Proposed Program or any of the Alternatives.  

5.9.1 Significance Criteria 
Appendix G of the CEQA Guidelines, the CEQA Environmental Checklist contains only one 

question, which is relevant to the VTP program. The Program and Alternatives would be considered 
to create a significant effect if treatments: 

a) Induce substantial population growth in an area, either directly (for example, by 
proposing new homes and businesses) or indirectly (for example, through extension of 
roads or other infrastructure) 

5.9.2 Determination Threshold 
While there is no accepted percentage population increase to be used as a threshold, 

population change less than a certain amount can easily be considered negligible. An increase in 
population of less than 0.5% in the bioregion resulting from implementation of the program would 
be considered negligible. 

5.9.3 Data and Assumptions 
Implementation of VTP projects within a bioregion will temporarily increase the population of 

that region. In order to determine how much of an increase the Proposed Program represents, 
information about production rates and crew sizes were derived from the BLM Vegetation EIS and 
Table 5.12.2. Some workers would likely come from the local population and some of the same 
workers would likely work on more than one project annually. However, in order to assess the 
maximum potential impact from population change, it is assumed that a separate crew does each 
project and that all workers represent an increase in population. 

Projects vary in size and in the details of implementation, but this analysis used the average 
project size of 260 acres and the average number of people needed to complete a project across the 
range of treatment variations. The number of projects by treatment type and bioregion from Table 
2.5 was multiplied by the average number of people needed to complete a project for each of the 
treatment types to figure the number of people working annually on VTP projects in each bioregion. 
The total number of workers required to complete VTP treatments was then compared to the total 
population within the bioregion from Table 4.9.1 to see what proportion of the bioregion 
population workers on VTP projects represented. 

5.9.4 Direct and Indirect Effects of Implementing the Program/Alternatives 
A typical mechanical treatment involving bulldozers or masticating excavators would include 

two or three equipment operators and several swampers who drag brush into piles and/or clear 
difficult to access places with chainsaws. This type of crew would take about 50 days to complete 
the average project. Less common mechanical treatments would be mowing and chaining, which 
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have a higher production rate and use fewer people. For this analysis, the more typical treatment 
with five workers is used to calculate the total annual population increase from mechanical 
treatments in a bioregion.   

A typical hand treatment would involve a 5-person crew using either chainsaws or hand tools to 
hoe, pull, and cut brush. It would take one crew about 52 days to complete a project, but in some 
instances more crews would be utilized at once if they were available and the project needed to get 
done more quickly. 

Prescribed burning utilizes the largest crew, but also requires the least time to complete a 
project. Typically two fire engines with three to five people are needed along with a command 
vehicle, support trucks and multiple igniters using drip torches. This works out to about 15 people 
on average to complete a project in 1.5 days. 

The application of herbicides is usually done with a backpack sprayer or sometimes from an 
ATV. The typical project would use a crew of five people and take about 35 days to complete. 

Herbivory or targeted grazing uses the least number of people to complete the average project 
because the animals do most of the work. Only two people would be necessary to tend the animals 
and provide vehicular support and supplies. The animals can typically treat 10 acres/day or 26 days 
for the average project. 

Table 5.9.1 shows the results of this analysis. The potential change in population resulting from 
implementation of the Proposed Program is negligible in all bioregions except for the Modoc. This is 
largely due to the very small population in this bioregion. Since the bioregion does not face 
population pressures, this type of seasonal increase in workers would actually be beneficial to the 
economy. An increase in temporary housing might potentially be necessary to accommodate VTP 
workers, but this impact is not considered to be adverse. 

For the rest of the bioregions, implementation of the program will not induce sufficient 
population change to cause a need for new housing, roads or infrastructure. Therefore, the impacts 
are considered less than significant. 

This same finding applies to all the alternatives because they propose either a similar number 
of projects annually or fewer, causing even less of an impact on population than the Proposed 
Program. 
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Table 5.9.1 
Annual Projects and Related Workers 

 Avg Annual Projects  Total 
Bioregion 

Population 

VTP 
Workers % 

of Total 
Population 

Bioregion Prescribed 
Fire Mechanical Hand 

Treatment Herbicide Herbivory VTP 
Workers 

North Coast 52 18 10 9 10 985 363,350 0.3% 

Modoc 46 16 9 8 9 873 44,275 2.0% 

Sacramento Valley 64 22 12 11 12 1,209 2,123,750 0.1% 

Sierra 87 30 16 15 17 1644 700,401 0.2% 

Bay Area 32 11 6 5 6 602 6,994,500 0.0% 

San Joaquin 24 8 4 4 5 450 3,302,792 0.0% 

Central Coast 79 27 15 13 12 1,484 2,109,823 0.1% 

Mojave 4 2 1 1 1 82 3,538,500 0.0% 

South Coast 42 14 8 7 8 791 15,179,460 0.0% 

Colorado Desert 16 5 3 3 1 297 150,900 0.2% 

 

5.9.5 Determinations Regarding Population and Housing 
The Proposed Program/Alternatives would not induce substantial population growth in an area, 

either directly (for example, by proposing new homes and businesses) or indirectly (for example, 
through extension of roads or other infrastructure). The impacts to population remain below the 
0.5% threshold and are considered negligible. 
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5.10   Effects of Program/Alternative Implementation on Transportation/ 
Traffic by Bioregion 

This section summarizes the impacts on transportation and traffic due to implementing either 
the Proposed Program or any of the alternatives. Only the effects of traffic volume were analyzed. 
Issues related to road design, parking, air traffic patterns or alternative transportation were not 
applicable to the potential effects from VTP treatments. 

5.10.1   Significance Criteria 
An effect will be considered significant if results of the analysis indicate that any of the 

following criteria will be met due to implementation of the Program or Alternatives:  

1. An increase in traffic that is substantial in relation to the existing traffic load and capacity of 
the street system (i.e., result in a substantial increase in either the number of vehicle trips, 
the volume to capacity ratio on roads, or congestion at intersections)  

2. Exceed, either individually or cumulatively, a level of service standard established by the 
county congestion management agency for designated roads or highways. 

5.10.2   Determination Threshold 
The following threshold is used to determine whether there is a significant adverse impact to 

local residential or commercial development resulting from traffic generated by the Program or any 
of the Alternatives: 

a) Traffic increases in excess of 10% Average Daily Trips (ADT) of the capacity of roads that 
serve residential and/or commercial areas appurtenant to the project. 

5.10.3   Direct Effects Common to all Bioregions From Implementing the Program or 
Alternatives  

Table 5.10.1 summarizes the effects on Transportation and Traffic utilizing information from the 
balance of this subchapter on the effects of implementing the Program across the State by 
bioregion  

The potential effects on traffic and transportation resulting from implementing the Program or 
Alternatives are expected to be of short duration (<2 weeks): limited to the time periods during 
which work is actually occurring on the project(s). Most projects occur in remote areas and 
background traffic levels on these roads is generally far below the capacity of the roads. Therefore 
the effects of increased traffic levels due to VTP projects was analyzed relative to the communities 
in nearest proximity to the potentially treated areas.  
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Table 5.10.1 
Summary of Effects 1/ On Transportation and Traffic from Implementing 
the Proposed Program 

Bioregion Prescribed Fire Mechanical Hand Herbivory 
North 
Coast/Klamath 

NA NA NA NA 

Modoc NA NA NA NA 
Sacramento Valley NA NA NA NA 
Sierra NA NA NA NA 
Bay Area NA NA NA NA 
San Joaquin NA NA NA NA 
Central Coast NA NA NA NA 
Mojave NA NA NA NA 
South Coast NA NA NA NA 
Colorado Desert NA NA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or 
are within the natural range of variability, for the resource at issue. SA/SB – significant adverse effects are 
those effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. MA/MB - 
moderately adverse or beneficial effects - those effects that can be detected beyond the affected area, but 
are transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects that are 
imperceptible or undetectable. 

 
Table 5.0.6 indicates that for the Proposed Program, on an annual basis, 88% of watersheds 

within the program area will not receive any VTP treatments. For the 12% of watersheds that could 
receive treatments annually, 98% of them will receive 3 treatments or less, and most (83%) will only 
receive 1 treatment annually.  

It is unlikely that a single residential or commercial area will be affected by the traffic from 
more than one treated watershed annually. Furthermore, in a watershed where multiple 
treatments could occur within one year, the likelihood of all treatments occurring simultaneously is 
low. Therefore at most, the nearest residential or commercial area to a VTP treated watershed 
would be affected by two simultaneous projects. 

The number of vehicles required for each treatment type is expected to vary from one to two 
light trucks every few days for a prescribed herbivory treatment, up to 10 vehicles per day for a 
large prescribed burn or hand thinning treatment. Most of the vehicles used on VTP projects will be 
used for transporting people or fire equipment, with a small number of heavy trucks required at the 
beginning and end of some projects to transport heavy machinery (dozers, masticators, etc.). There 
will not be regular heavy truck traffic to transport logs, as few if any logs will be removed from VTP 
projects in most all cases. Most projects will likely have 5-10 vehicles traveling to and from the work 
site each day, for total of 10-20 ADT per project. 

The areas most sensitive to the increased traffic levels from VTP projects are likely to be two-
lane, low volume roads that pass through residential and commercial areas traveling to and from 
project sites. Low volume roads are typically designed to handle <400 ADT (AASHTO, 2001). 
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Assuming that the same road carries the traffic for two VTP projects simultaneously, 20-40 ADT 
would be generated. This would not result in a >10% increase in the maximum capacity of the 
typical low volume road that is likely to service most VTP projects sites. Traffic levels on the wide 
variability of low volume roads Statewide cannot be accurately predicted; however traffic 
levels/patterns occurring on VTP projects are expected to be similar Statewide  

The Proposed Program and Alternatives 2 & 3 will conduct the same number of projects 
statewide per year, while Alternatives 1 & 4 will conduct fewer projects. Therefore the preceding 
analysis is based on the maximum number of projects possible amongst the alternatives. However, 
at the individual community level the assumptions regarding how many projects (vehicles) will 
affect a specific area is not significantly different between alternatives, (i.e., one or two VTP projects 
in the vicinity of a given community/road per year). 

5.10.4   Bioregion Specific Direct Effects of Implementing the Program/Alternatives 
The Sacramento Valley and Colorado Desert bioregions contained very few Cal 2.2 watersheds 

(70 and 37, respectively), whereas there were 690 watersheds per bioregion on average for the 
other eight bioregions (Table 5.0.6). The watersheds were also abnormally large for these two 
bioregions at 55,000 and 178,000 acres on average. Thus, the assumption stated above that only 
one community or road would be used to access multiple VTP projects in the same watershed may 
not be true for these watersheds. Given the large average size of these watersheds, multiple roads 
could be used to access different VTP projects in the same watershed. These two bioregions, 
because they have relatively few watersheds, were projected to have more projects per watershed 
(up to seven) than other bioregions (Table 5.0.6). However, given the large size of the watersheds it 
seems reasonable that the earlier assumption of a maximum of two VTP projects simultaneously 
utilizing the same road is still valid. 

There is not likely to be a significant difference in the quantity of VTP traffic per roadway 
between bioregions. However, the potential impacts to communities may be different between 
bioregions, depending on existing traffic levels. Predominantly rural bioregions such as the Colorado 
Desert, Modoc and Mojave have lower existing traffic volumes than predominantly urban 
bioregions like the South Coast and Bay Area/Delta. Nevertheless, at the bioregional scale, VTP 
projects are not expected to result in a net increase in traffic volumes. Most vehicles used in VTP 
projects will be traveling to the site from within the same bioregion and were likely already in use 
somewhere else in the bioregion prior to working on the VTP project. 

5.10.5   Indirect Effects of Implementing the Program/Alternatives 
There are no indirect effects on traffic and transportation identified as a result of implementing 

the Program/Alternatives. 

5.10.6   Determination of Significance 
No significant adverse impacts (that would exceed 10% of the design capacity of roads serving 

VTP project sites) are expected from implementing the Program or any of the Alternatives.  
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5.10.7   Similar Effects Described Elsewhere 
Traffic and transportation effects are also described in Section 5.9, Population and Housing. 

5.10.8   Mitigation Measures for the Proposed Project 
No mitigation measures are required because no potentially significant effects have been 

identified associated with traffic and transportation.  

The following checklist item will be incorporated into the VTP project checklist: 

A project-specific checklist item will require the applicant to confirm that 
additional VTP projects that rely on the same road will not be conducted 
simultaneously if combined traffic volumes will exceed 10% of the ADT of access roads 
in proximal residential or commercial areas.  

Additionally, it will be the project applicant’s responsibility to determine if the project would 
“Exceed, either individually or cumulatively, a level of service standard established by the county 
congestion management agency for designated roads or highways.” (Criteria 2, 5.10.1 above). This 
determination cannot be made at the statewide, programmatic level. 
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5.11   Effects of Program/Alternative Implementation on Utilities and 
Energy 

This section summarizes the impacts resulting from implementing either the Proposed Program 
or any of its Alternatives to utilities and energy, including the electricity grid, telecommunications 
facilities, and water supply facilities. 

5.11.1  Significance Criteria 
An impact to utilities and energy is considered to be significant if the Program and Alternatives 

would: 
• Cause substantial alterations to water, wastewater, or power systems. 
• Cause substantial disruption in utility service or access to public facilities. 
• Cause substantial damage to utilities, utility service or public facilities within the project 

area.  

5.11.2  Determination Threshold 
Any direct damage to water, power or telecom facilities from a project would be considered a 
significant impact. 

5.11.3  Data and Assumptions 
Evaluation of the potential significant effects are unnecessary for most of the criteria found in 

the CEQA checklist because the program/alternatives do not fund any building projects or the 
development of any permanent facilities requiring power or water. 

Some of the treatments could result in impacts to wastewater treatment facilities due to 
erosion from projects, but this is addressed in the water quality Section 5.7. 

It is anticipated that some material generated by the Program might be removed to a biomass 
plant concurrent with Program operation. Because the cost to remove such fuel is high, it is 
anticipated that no more than 10% of mechanical treatments might generate biomass, and only 
then when the material is chipped on site and only when the projects are near an existing biomass 
plant. Also, several bioregions have few to no biomass plants including the Mojave, Colorado 
Desert, South Coast and Bay Area Delta, such that little if any biomass produced from mechanical 
treatments is expected to be removed from the project site. Removal of material for commercial 
purposes will require an additional CEQA review, most likely through filing a timber harvest plan, or 
filing for one of several exemptions available to landowners under the Forest Practice Rules. 

5.11.4  Direct Effects Common to all Bioregions from Implementing the 
Program/Alternatives  

The primary mechanism by which the VTP program could have a significant adverse effect 
would be through an escaped prescribed burn damaging a water, power or telecom facility. The 
mechanical, hand, herbicide and herbivory treatments would all be confined to the project area. 
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Table 5.11.1 
Summary of Effects 1/ On Utilities And Energy from Implementing the 
Proposed Program 

Bioregion Prescribed 
Fire Mechanical Hand Herbivory 

North 
Coast/Klamath 

NA NA NA NA 

Modoc NA NA NA NA 
Sacramento Valley NA NA NA NA 
Sierra NA NA NA NA 
Bay Area NA NA NA NA 
San Joaquin NA NA NA NA 
Central Coast NA NA NA NA 
Mojave NA NA NA NA 
South Coast NA NA NA NA 
Colorado Desert NA NA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or 
are within the natural range of variability, for the resource at issue. SA/SB – significant adverse effects are 
those effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. MA/MB - 
moderately adverse or beneficial effects - those effects that can be detected beyond the affected area, but 
are transitory and usually reversible.  NA/NB - negligible adverse or beneficial effects - those effects that are 
imperceptible or undetectable. 

5.11.5  Determination of Significance 
No significant adverse impacts that would damage water, power or telecom facilities from a 

project are expected from implementing the Program or any of the Alternatives. Significant adverse 
effects are not expected as the odds of a prescribed fire escaping are very low, and with the 
checklist items below the odds of a prescribed fire escaping and then burning a utility or energy 
facility are even lower and not considered significant. 

5.11.6  Mitigation Measures for the Proposed Project 
No mitigation measures are required. However, the following checklist items will be included in 

the environmental checklist. 

5.11.7-1 Checklist Item:  Are there any transmission lines or other electrical, telecom or water 
supply facilities in or near the project area? Protective measures need to be taken and may include 
installation of firebreaks using hand treatments around sensitive equipment. 

5.11.7-2 Checklist Item:  If treatments will include digging below the surface of the ground to a 
depth of >2 feet, project manager should contact local utilities to determine location of buried 
underground utilities. 
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5.12 Noise 
This section summarizes the impacts due to noise from implementing either the Proposed 

Program or any of the Alternatives.  

5.12.1   Significance Criteria 
As Section 4.12 notes, the California Code of Regulations (CCR), section 65302(f) requires that 

Counties contain a noise element in their General Plans. In addition, California Department of 
Health Services (1987) has developed noise guidelines for noise elements in local General Plans. The 
State guidelines also recommend that local jurisdictions consider adopting local nuisance noise 
control ordinances. Because CAL FIRE is the proponent and lead agency for this project, compliance 
with local standards is not required. However, the State considers local noise standards as they 
relate to the compatibility between the Program and various land uses adjacent to project sites. 
Thus, local noise standards are used as guidelines for what the CAL FIRE considers as acceptable 
noise levels in noise-sensitive areas. 

Noise impacts would be considered significant if the Program and the Alternatives would cause: 

a) Exposure of persons to, or generation of noise levels in excess of standards 
established in the local general plan or noise ordinance, or applicable standards of 
other agencies;  

b) Exposure of persons to, or generation of, excessive ground-borne vibration or 
ground-borne noise levels; 

c) Substantial permanent increase in ambient noise levels in the project vicinity (above 
levels existing without the project); 

d) Substantial temporary increase in ambient noise levels in the project vicinity (above 
levels existing without the project). 

5.12.2   Determination Threshold 
The Program and Alternatives are considered to create a significant effect when a treatment or 

treatments creates:  

a) Noise in excess of 90 dBA* at 50’, or in excess of 65 dBA at 1,600 feet at sensitive receptor 
locations (schools, residential units, churches, libraries, commercial lodging facilities, and 
hospitals or care facilities).  

b) Noise levels in excess of 70 dBA Ldn*   

c) The Program and Alternatives are considered to create moderately adverse effects when 
noise levels are between 60 and 70 dBA Ldn* (State Office of Noise Control 1976). 

 
(*See definitions in Section 4.12.4 for a description of dBA and dBA Ldn) 
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5.12.3   Data and Assumptions 
Section 4.12 provides the context for describing the consequences to sensitive receptors 

from noise due to implementation of the Proposed Program and Alternatives. The Proposed 
Program potential treatment acreage by bioregion is described in Tables 5.0.1, 5.0.3, 5.0.4, 
5.0.5 and 5.0.7. Total acreage treated over a ten-year period is projected to be approximately 
2.16 million acres, which represents about 5.6% of the total acreage of CAL FIRE jurisdiction 
lands that might be treatable in any ten-year period. Annual acreage treated is expected to be 
about 216,910 acres.  

Table 4.12.1 describes the dBA at 50 feet of various types of equipment and machinery, 
which would be used or is similar to equipment likely to be used in the Proposed Program. 
Table 4.12.2 describes the sound levels of various types of equipment measured at 150 feet 
from the equipment, which is expected to be very similar to noise levels from the mechanical 
equipment used to implement mechanical treatments. Table 4.12.2 also includes the sound 
levels from chainsaws measured at 250 feet. Additional dBA levels at 50 feet for other types of 
equipment are shown below in Table 5.12.1. Noise impacts from helicopters (used for ignition 
of prescribed fire) are based on FAA Advisory Circular-AC36-1G, Bell Series and Hughes models 
noise levels (CAL FIRE, 2005). 

Table 5.12.1 
Noise Levels of Equipment Likely to be Operated Under 
Proposed Program 
Equipment dBA at 50' 
Dozer 85-90 
Tractor 77-82 
Front End Loader 86-90 
Hydraulic backhoe 81-90 
Hydraulic excavator 81-91 
16 wheel Truck 81-87 
Chainsaw 90 
Mobile Chippers 115 

Helicopter 
Flyover Takeoff Landing 
dBA at 150 meter dBA at 50’ dBA at 50’ 

Bell 206 L-111 86.9 87.6 91.1 
Bell 206 L-IV 83.3 84.1 87.3 
Bell 206 B-III 85.2 88.4 90.7 
Hughes 500 D 88.7 n/a n/a 

 
Duration of time for projects (Table 5.12.2) is based on estimates from ENSR International 

(ENSR International, 2005) for the BLM PER (USDI BLM, 2005).  
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Table 5.12.2 
Production Rates and Associated Noise Levels For Equipment Used in Proposed Program 

 
Pro-

duction Rate 

Days to 
Complete 
a Project Equipment 

dBA 
@ 50’ Assumptions 

Mechanical mowing 50 ac/day 5.2 Tractor 80 
BLM, plus 1 16-wheel lowbed for move 

in/out 
Mechanical dozer blade and 
pile 6 ac/day 44.2 Dozer 87 

BLM, plus 1 16-wheel lowbed for move 
in/out 

Mechanical chaining (2 
dozers) 11 ac/day 22.7 2 dozers 87 

est., 2 dozers 500’ apart at 2000’/day, also 
2 16-wheel lowbed for move in/out 

Mechanical excavator 
mastication 5 ac/day 52.0 excavator 85 

est., plus one 16 wheel lowbed for move 
in/out 

Road side chipping 7 Ac/day 39 

Feller bunches, 
skidder and 

mobile 200-400 
hp chipper 115 

Remove 190 tpa 7” in diameter with feller 
buncher, skid to landing, chip and blow into 

chip vans 
Hand pulling cutting, shoveling 1 ac/day 52.0 None 45 BLM 5-person crew clearing 5 acres/day 
Hand cutting and hand 
clearing  1 ac/day 52.0 5 chainsaws 90 BLM 5-person crew clearing 5 acres/day 
Herbicide backpack spray 1 ac/day 52.0 None 45 BLM 5-person crew spraying 5 acres/day 
Herbicide ATV spray 10 ac/day 26.0 ATV 70 BLM, 10 acres/day 

Prescribed fire hand ignition 260 ac/day 1.0 
Pickup truck, 
fire engines 65 

7 igniters, 1 command vehicle, 1 crew rig, 2 
fire engines 

Prescribed fire helitorch 260 ac/day 1.0 Helicopter 90 
2 fire engines, command vehicle, helicopter, 

helicopter support trucks 
Prescribed herbivory 10 ac/day 26.0 Pickup truck 65 1 person tending with 1 rt/day 

 

5.12.4   Direct Effects Common to all Bioregions From Implementing the 
Program/Alternatives  

Table 5.12.3 summarizes the information from the balance of this chapter from the noise 
created through implementing the Proposed Program across the state by bioregion. 
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Table 5.12.3 
Summary of Noise Effects 1/ From Implementing the Proposed Program 

Bioregion Prescribed 
Fire Mechanical Hand Herbicide Herbivory 

Klamath North Coast NA NA NA NA NA 
Modoc NA NA NA NA NA 
Sacramento Valley NA NA NA NA NA 
Sierra MA MA MA NA NA 
Bay Area MA MA MA NA NA 
San Joaquin NA NA NA NA NA 
Central Coast MA MA MA NA NA 
Mojave NA NA NA NA NA 
South Coast MA MA MA NA NA 
Colorado Desert NA NA NA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. 
Beneficial effects are those effects that improve the diversity, structure, size, integrity, abundance or 
number of; or are within the natural range of variability, for the resource at issue. SA/SB – significant 
adverse effects are those effects that are substantial, highly noticeable, at the watershed scale; and often 
irreversible. MA/MB - moderately adverse or beneficial effects - those effects that can be detected 
beyond the affected area, but are transitory and usually reversible. NA/NB - negligible adverse or 
beneficial effects - those effects that are imperceptible or undetectable. 

Effects to Human Health and Community Well-Being Due to Implementation of the Program 

Noise is often defined as unwanted sound, and thus is a subjective reaction to 
characteristics of a physical phenomenon. In addition, noise impacts apply only if the noise is 
heard or felt. The vegetated nature and often high relief of the treatment areas can create an 
environment in which topographical features and vegetation dampen much of the noise. 
However, VTP treatments, particularly helicopter-assisted prescribed fire and most mechanical 
treatments, and hand treatments using chainsaws can present a source of significant temporary 
noise.  

The human response to environmental noise is subjective and varies considerably from 
individual to individual. Noise in the community has often been cited as a health problem, not 
in terms of actual physiological damage, such as hearing impairment (though hearing loss can 
also occur at the highest noise intensity levels), but in terms of inhibiting general well-being and 
contributing to undue stress and annoyance. The health effects of noise arise from interference 
with human activities, including sleep, speech, recreation, and tasks demanding concentration 
or coordination. When noise interferes with human activities or contributes to stress, public 
annoyance with the noise source increases.  

The vast majority of the noise generated from Proposed Program treatments will be 
located in relatively rural parts of the state where sensitive receptors such as hospitals, schools, 
libraries, churches, etc., are often miles from the treatment site. The exception is likely to be 
residences, particularly those in the WUI, where operations might take place immediately 
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adjacent to homes. Typically, operations immediately adjacent to structures would utilize hand 
equipment (e.g. chainsaws). 

Noise can have a negative effect on people’s recreational experience if operations are 
conducted on or near public lands such as near campgrounds and trails (e.g. State Parks, some 
federal lands such as USFS and USFWS forest and wildlife refuge lands). However, only about 
10% of the nearly 38 million acres of jurisdiction lands are “public” lands open to the public. 
The vast majority of the jurisdiction acreage is composed of private land where private 
landowners themselves propose the treatments.  

Disturbances associated with mechanical treatments would be substantial, though short in 
duration. Equipment associated with mechanical treatments can generate noise levels ranging 
from approximately 75 to 90 dBA at 50 feet, depending upon the equipment being used, 
although mobile chippers can reach sound levels of 115 dBA. Typical operating cycles may 
involve two minutes of full-power operation, followed by three or four minutes of operation at 
lower levels. In addition, treatment activities are carried out in stages, during which the 
character and magnitude of noise levels surrounding the treatment area changes as work 
progresses, as different equipment is used and the location of the noise-generating work moves 
throughout the treatment area.  

Properly maintained equipment produces noise levels near the middle of the indicated 
ranges. Activities such as tractor piling, masticating, chipping, falling of small trees/shrubs with 
chainsaws, etc., are the most common noise generators. As a result, Proposed Program 
equipment and tools typically will generate noise levels of 70–90 dBA at a distance of 50 feet. 

The sounds from heavy equipment are often dampened or attenuated by the surrounding 
vegetation and soft ground surface. This type of attenuation would not occur with helicopter 
treatments, since air does not attenuate sounds the same way the ground surface does. As a 
result, helicopter sounds can carry unobstructed for many miles because they often fly above 
the natural sound barriers.  

Section 5.10 describes the likely number of vehicles used daily to carry workers to and from 
the treatment site that would also contribute to noise. Generally, the noise from vehicles 
carrying workers to treatment sites is likely to be less than the noise created by the treatments 
themselves. 

The potential effects due to implementing the Program or Alternatives will be of short 
duration (<10 weeks per project on average) and limited to typical workday hours (~7AM to 
~7PM). Most projects occur in remote areas, and while background noise levels are low, 
sensitive receptor sites such as schools, libraries, etc. are usually many miles distant. In 
addition, Table 5.0.7 indicates that for the Proposed Program, on an annual basis, 88% of 
watersheds within the program area will not receive any VTP treatments. For the 12% of 
watersheds that do receive treatments every year, 96% of them will receive three treatments 
or less, and most (74%) will only receive 1 treatment annually.  

It is unlikely that a single residential or commercial area will be affected by the noise from 
more than one watershed treated annually. Even for a watershed where multiple treatments 
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occur within one year, the odds of all treatments occurring simultaneously are low. Therefore, 
at most and only in rare cases would the nearest residential or commercial area to a VTP-
treated watershed be affected by 2 simultaneous projects. 

Table 5.12.4 
Number of Projects by Treatment Type for Proposed Program 

 
Prescribed Fire 
(helicopter) Mechanical Hand Herbicides 

Prescribed 
Herbivory 

dBA Maximum Likely 90 90 90 70 65 
Weeks/260 acre treatment 0.2 5-10 5-10 5-10 5 
 Number of Projects Per Bioregion 
North Coast/Klamath 52 18 10 9 10 
Modoc 46 15 9 8 9 
Sacramento Valley 64 22 12 11 12 
Sierra 87 30 16 15 17 
Bay Area 32 11 6 5 6 
San Joaquin 24 8 4 4 5 
Central Coast 79 27 15 13 12 
Mojave 4 1 1 1 1 
South Coast 42 14 8 7 8 
Colorado Desert 16 5 3 3 1 
 446 151 84 76 81 

The amount of noise associated with prescribed fire treatments above is based on all 
treatments being implemented via helicopter. In reality, many (50% or more) treatments would 
be implemented using hand ignition so that noise associated with prescribed fire will often be 
far less than estimated above.  

Most treatments take place in rural areas. Of the ~820 projects that might be implemented 
per year, 372 (45%) of the projects will take place in rural bioregions such as the North 
Coast/Klamath, Modoc, Sacramento Valley, San Joaquin, Mojave and Colorado Desert.  

Assuming that half of all prescribed fire treatments are conducted using hand ignition, 
about 380 of the ~820 projects conducted yearly would be conducted at noise levels of around 
65-70 dBA while the balance of the projects would have periods during the day when sound 
levels could reach 90 dBA within 50 feet of the treatment equipment. About 440 projects would 
be implemented across approximately 38 million acres of jurisdiction lands where sound levels 
could reach 90 dBA at particular times between 7AM and 7PM, 5 days per week for periods as 
long as 10 weeks. However, as noted above, peak noise levels are rarely continuous over 
periods of more than two minutes at a time due to equipment maneuvering, chainsaw 
operators moving to the next piece, etc.  

Operation of heavy equipment can generate ground-based vibration, particularly 
operations by dozers. Rubber-tired skidders, masticators, mowers, roller choppers, etc., usually 
do not develop the amount of ground based vibration that a 45,000 pound or larger (D7 or 
equivalent) dozer can. However, while dozer operations might take place within several 
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hundred feet of sensitive receptor locations, vibrations from such operations are expected to 
be short duration, consistent with the operational performance times noted above. In addition, 
only about 18% of annual treatments within any bioregion would be mechanical, and then, not 
all of those would use a dozer.  

Effects to Human Health and Community Well-Being Due to Implementation of the Alternatives 

The effect of implementing Alternative 3 is expected to be similar to the effects associated 
with implementing the Proposed Program. Treatment acreages and treatment types are similar 
and the major difference is on location of Alternative 3 treatments with respect to streams. The 
effect of implementing Alternative 2 would be to increase the overall noise generated by 
treatments compared to the Proposed Program, since herbicides would not be a treatment 
option and more treatments would be conducted using mechanical and hand methods, which 
typically have a higher noise output than herbicide treatments. Treatment under the Status 
Quo (Alternative 1) would not increase the amount of noise generated by treatments above 
that generated now. The location and number of days where noise is generated under the 
status quo is estimated to be one-fifth as much as the Proposed Program, because only about 
one-fifth as many acres are being treated annually. Alternative 4 would treat about 40% as 
many acres as the Proposed Program. However, very few of the treatments in Alternative 4 
would utilize prescribed fire—a larger proportion employ mechanical and hand treatments, 
which generate more noise than prescribed fire treatments. Nonetheless, Alternative 4 would 
likely result in noise being produced on about half as many locations and days of Proposed 
Program.  

5.12.5  Bioregion-Specific Direct Effects of Implementing the  Program/ 
Alternatives 

Treatments near sensitive receptors are more likely to occur in the Sierra, Bay Area, Central 
Coast and South Coast Bioregions than the other bioregions. Otherwise, noise effects in these 
bioregions are expected to be similar to the other bioregions. To the extent that prescribed fire 
using helicopters is applied more often in these bioregions, especially in the South Coast and 
Central Coast, there is a potential that somewhat less noise might be generated compared to 
the more rural bioregions, because, although helicopters generate more noise during operation 
than hand ignition and its associated noises, the duration of these projects (and thus total noise 
effects) is far shorter: It is common for an entire 260 acre project can be burned in one day 
using a helicopter compared to several days or more utilizing  hand ignition.  

5.12.6   Indirect Effects of Implementing the Program/Alternatives 
There are potential indirect effects to human health and to wildlife associated with noise 

from the Proposed Program. Indirect effects to human health and to the health of wildlife arise 
in terms of inhibiting general well-being and contributing to undue stress and annoyance.  

5.12.7   Determination of Significance 
Implementation of the Proposed Program is not expected to create substantial adverse 

effects due to adoption of the mitigation measures specified below (5.12.9). Specifically:  
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a) Implementation of the Program could generate or expose persons at sensitive receptor 
sites to noise levels of 90 dBA at 50 feet or in excess of 65 dBA at 1,600, or 70 dBA Ldn, 

and therefore potentially create an adverse effect. However with adoption of the 
mitigation measures below, the effect is less than significant.  

b) It is not possible to make a determination as to whether implementation of the 
Proposed Program would be in excess of standards established in the revised noise 
elements of County General Plans or applicable standards of other agencies because the 
specific location of Proposed Program treatments is not known. However, with adoption 
of Mitigation Measure 5.12-1, the potentially substantial adverse effects are expected 
to be less than significant. 

c) Implementation of the Program will not generate or expose persons to excessive 
ground-borne vibration because the extent and intensity of such treatments is of short 
duration. As a result, the Proposed Program would not create a substantial adverse 
effect and the impacts are expected to be less than significant.  

d) Because of the transitory nature of VTP projects, implementation of the Program will 
not result in a permanent increase in ambient noise levels above levels existing without 
the project, and therefore would not create a substantial adverse effect resulting in a 
less than significant impact to the environment.  

e) Most of the Proposed Program treatments are far removed from sensitive receptor sites 
such as schools, churches, hospitals, and libraries. Noise associated with the Proposed 
Program will temporarily increase noise levels from project activities including 
production of noise levels of 90 dBA at 50 feet or in excess of 65 dBA at 1,600, or 70 dBA 
Ldn, and thus these effects could create substantial adverse effects. The severity of such 
impacts will be temporary and the effects are dependent on the number of individual 
projects that might occur simultaneously. Adoption of the mitigation measures below 
will reduce these potentially substantial adverse effects to less than significant.  

5.12.8   Similar Effects Described Elsewhere 
The effects of noise to wildlife are described in Section 5.5. 

5.12.9   Mitigation Measures for the Proposed Project 
The following mitigation measures will ensure that potentially substantial adverse effects 

do not occur. 

Mitigation 5.12-1.  The project proponent shall comply with noise standards established in the 
local general plan or noise ordinance, or applicable standards of other agencies. 

Mitigation 5.12-2.  The project proponent shall limit periods of equipment operation to 7AM to 
7PM if treatments are within 1,600 feet of sensitive receptors. The project proponent shall use 
site-specific measures that take into account the nature of the area and the inhabitants, or 
receptors.  
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Mitigation 5.12-3.  The project proponent shall limit VTP operations within the vicinity of 
occupied campgrounds and picnic areas to weekdays and non-holidays between 7AM and 7PM. 
Noise abatement mitigation (e.g., limiting operations to weekdays, keeping heavy equipment as 
far away from receptors as feasible, and where necessary, utilizing methods and machinery that 
are less noisy) shall be included in any treatment that is within 100 feet of an open campground 
or within 200 feet of a residence, park, or other identified sensitive receptor.  

Mitigation 5.12-4.  The noise effects from treatment operations on wildlife shall be mitigated as 
necessary. Depending on the wildlife species present, its status may require a consultation with 
DFG staff, within the nesting/breeding areas of noise sensitive listed species on a site-specific 
basis during the critical reproductive and young-rearing months.   
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5.13 Visual/Aesthetic Resources 

This section summarizes the impacts to visual and aesthetic resources due to implementing 
either the Proposed Program or any of the Alternatives.  

Significant visual resources in the state include: 

• Scenic highway corridors 
• Parks and recreational areas 
• Views of coastal bluffs, streams, lakes, estuaries, rivers, water sheds, mountains, and 

cultural resource sites 
• Scenic areas 

5.13.1   Significance Criteria 
According to Appendix G of the CEQA Guidelines: the CEQA Environmental Checklist, an 

aesthetic impact would be considered significant if the Program and Alternatives would: 

a) Have an adverse effect on a scenic vista, 
b) Damage scenic resources, including, but not limited to, trees, rock outcroppings and historic 

buildings within a state scenic highway, 
c) Degrade the existing visual character or quality of the site and its surroundings. 

5.13.2   Determination Threshold 
Visual effects from the program would be considered significant if the acreage of treatments 

causing adverse and long term effects, as determined through the analysis process, exceeds more 
than 10% of the scenic byways viewshed acreage within that bioregion in any 10-year period. 

 5.13.3  Data and Assumptions 
The following items are the most important factors to consider in determining whether a 

project will have a significant effect on aesthetics  

• The potential for and frequency of viewing by the general public. The aesthetic effects of a 
project are more likely to be significant if they are highly visible to large numbers of the public over 
an extended period of time. Projects occurring within sight of major roads or within the Wildland 
Urban Interface may impact the aesthetics for large numbers of people. Projects that are adjacent 
to rural residential properties may impact only small numbers of people but over a longer period of 
time. Projects in remote portions of the landscape, behind locked gates or obscured by vegetation 
or ridgelines are less likely to significantly impact aesthetics. Changes to views that are seen by 
limited numbers of people or for only limited duration may be found to be less than significant. 

• The integrity and uniqueness of the existing aesthetic resource. The magnitude of change 
necessary to create a significant impact to aesthetics is greater in a disturbed or non-unique 
environment than in a pristine or rare environment. In managed wildland environments, vegetation 
manipulation is not generally presumed to have a significant adverse effect on aesthetics, whereas 
the same treatment in a state park may be significant. Also, vegetation treatments in the WUI 
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where clearing for development is common may represent a relatively minor aesthetic change 
compared to ongoing changes in the surrounding area.  

• The magnitude of the change. Projects that are small in size or minimal in their physical 
changes to the environment are unlikely to cause a significant impact to aesthetics. Aesthetic 
changes associated with an individual project (~260 acres) may appear significant, but in the context 
of the entire bioregion may be relatively minor. Treatments, which remove the primary vegetation 
layer such as mechanical shrub removal or prescribed fire in chaparral, will have a much greater 
impact than those treatments only affecting the understory. Changes to aesthetics where the 
change is minor may be found to be less than significant. 

Based on these factors, aesthetic effects on a programmatic scale were analyzed by assessing 
which treatments by themselves have an adverse visual effect and then determining how much of 
these treatments would occur in the viewshed of scenic highways. Table 2.4 contains data on the 
total acres by bioregion to be affected by each of the treatments, and Table 4.13.1b contains 
viewshed acreage by bioregion for currently designated scenic highways. The viewshed analysis 
assumes a maximum viewing distance of three miles, which is very generous. In order to calculate 
the potential treatment acreage in the viewshed, it was assumed that treatments are proportionally 
distributed between the viewshed of scenic byways and the remainder of the landscape in the 
bioregion. 

5.13.4   Direct and Indirect Effects of Implementing the Program/Alternatives 
Potential visual effects are determined by the aesthetics of the landscape after a treatment is 

completed – i.e. what is the condition and configuration of the remaining natural vegetation. 
Therefore, dividing the landscape into surface and crown fire regimes, as has been done for other 
chapters in this EIR, is also useful for the visual effects analysis. Surface fire vegetation types 
normally have treatments that primarily remove understory vegetation and reduce overall density. 
Because treatments in these types retain most of the existing overstory canopy and retain the 
natural character of the vegetation type, visual effects from all treatments in surface fire vegetation 
types are considered less than significant. 

Crown fire vegetation types include grasslands and shrub types. Treatments in these types 
remove or kill nearly all vegetation leaving a significantly changed landscape (see Table 5.0.3). A 
shrubland or grassland blackened from prescribed fire or mechanically disturbed by heavy 
equipment, within the viewshed of a scenic highway, is considered an adverse visual effect. This 
effect would be short-term (< 2 years) in the grassland but longer-term in the shrubland. It could 
take up to 10 years for shrub types to visually recover from these treatments. Herbicides would 
have a similar effect resulting in standing dead vegetation.  

In areas where hand treatment or herbivory is proposed, changes in visual quality are assumed 
to be minimal because this type of treatment would frequently be used to install control lines for 
prescribed burns, around structures (such as residences), within the WUI, or around other sensitive 
resources. Herbivory and hand treatments do not result in a fire scarred landscape or ground 
disturbance from heavy equipment that can be aesthetically unappealing. Therefore, this impact is 
considered less than significant. Table 5.13.1 summarizes the treatment effects. 
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Table 5.13.1 
Aesthetic Effects by Treatment & Disturbance Type 

Treatment Type 

Effect in 
Surface/Mixed Fire 

Regimes 
Effect in Crown 

Fire Regimes Duration of Adverse Effects 

Prescribed Fire Negligible Adverse Short in grasslands, long in shrub types 

Mechanical Negligible Adverse Short in grasslands, long in shrub types 

Hand Treatments Negligible Negligible   

Herbivory Negligible Negligible   

Herbicides Negligible Adverse Short in grasslands, long in shrub types 

As described in Section 5.6, Air Quality, prescribed fire could increase the amount of smoke in 
and adjacent to the treatment area. Smoke in the area could temporarily limit visibility and could 
modify views from scenic highways, state parks, and other visually important areas. For all 
prescribed burns, however, a burn plan will be required that includes a smoke management plan 
(SMP). The SMP will minimize public exposure to smoke generated by prescribed burns. Because 
only a small amount of smoke would remain in the treatment area for a short period during and 
after the prescribed burn, this impact is considered less than significant and no mitigation is 
required. 

Even though in crown fire types the project level effects from prescribed fire, mechanical, and 
herbicides are adverse, they do not cover enough of the viewshed in each bioregion to be 
considered significant at the programmatic level. Table 5.13.2 shows the proportion of the scenic 
highway viewshed affected by adverse treatments for each bioregion. 

* all treatment acres are annual  
 

Table 5.13.2 
Scale of Adverse Treatments in Scenic Highway Viewshed 

Bioregion 
Total Acres in 

Program 

Total Adverse 
Treatment 

Acreage 
Acres in 

Viewshed 

Adverse 
Treatment Acres 

in Viewshed 

Percentage of the 
Scenic Viewshed 

Affected 

North Coast 8,158,000 4,643 1,526,329 869 0.06% 
Modoc 3,616,900 754 478,954 100 0.02% 
Sacramento Valley 1,524,300 12,853 29,133 246 0.84% 
Sierra 6,605,500 11,957 2,910,060 5,267 0.18% 
Bay Area 3,346,500 5,742 770,204 1,321 0.17% 
San Joaquin 1,799,800 8,331 126,823 587 0.46% 
Central Coast 4,989,200 20,987 784,672 3,301 0.42% 
Mojave 3,112,800 94 574,907 17 0.00% 
South Coast 2,737,600 11,708 979,842 4,191 0.43% 
Colorado Desert 2,067,800 2,783 144,192 194 0.13% 



Environmental Impact Analysis - Visual 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

 5.13- 4 

 

The Sacramento Valley has the highest percentage of the scenic viewshed affected at 8.4% in 
ten years. However, the vast majority of these treatments would be in the herbaceous types (see 
Table 5.5.3.4) where effects are short term rather than the shrub types, meaning that the 
proportion of the landscape exhibiting adverse visual effects would not accumulate every year. 

The rest of the bioregions have too small a proportion of their scenic viewshed treated to cause 
a significant adverse effect at the programmatic scale either annually or within a decade. 

5.13.5  Effects of Alternatives  
None of the Alternatives has substantially more acres treated than the Proposed Program. In 

fact, the other Alternatives have particularly fewer acres with adverse visual effects. Therefore, the 
impact from any of the Alternatives would be less than significant. 

5.13.6   Determinations Regarding Visual/Aesthetic Resources 
Effects from the Proposed Program and Alternatives to visual resources in the State are 

considered to be less than significant because there would not be: 

• A substantial adverse effect on a scenic vista,  
• Significant damage to scenic resources, including, but not limited to, trees, rock 

outcroppings, and historic buildings within a state scenic highway, 
• Degradation to the existing visual character or quality of the program area. 

The acreage of treatments causing adverse effects, as determined through the analysis process, 
does not exceed more than 10% of the scenic byways viewshed acreage within any bioregion in any 
10-year period. 
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5.14 Recreation 

This section summarizes the impacts to recreation due to implementing either the 
Proposed Program or any of the Alternatives.  

5.14.1   Significance Criteria  
Appendix G of the CEQA Guidelines, the CEQA Environmental Checklist, poses the following 

to be considered in determining whether the Program or Alternatives would cause significant 
impacts to recreation. The Program and Alternatives would create significant effects if they 
would: 

a) Reduce the quality of recreational experience resulting from presence of highly 
visible blackened areas; 

b) Reduce the quality of recreational experience resulting from presence of highly 
visible areas cleared of vegetation by mechanical or manual treatments; 

c) Reduce the quality of recreational experience resulting from presence of highly 
visible areas of dead and browned vegetation resulting from herbicide control of 
non-native exotic plants and/or noxious weeds; 

d) Reduce the recreational enjoyment due to the presence of increased smoke; 
e) Require temporary exclusion of visitors from or closure of recreational facilities 

during treatments. 

5.14.2   Methodology 
Estimate the temporal and spatial extent of VTP treatments likely to take place on state 

parks or other publicly accessible lands eligible for VTP treatments.  Consider potential 
treatments to high-use vs. low-use recreation sites as presented in Section 4.14. 

Estimate the potential need to close state parks and other recreation sites during 
treatments, and the duration of such closures. 

5.14.3   Determination Threshold 
An effect is considered significant if it would: 

a) Close more than 1% of state park lands, or other public recreational areas 
because of VTP treatments during the peak visitor season over a calendar year. 

b) Severely reduce visual quality (more than 80% burned and black, cleared of 
vegetation, or comprised of dead plants) on more than 10% of the area of any 
one state park, private recreation area or other publicly accessible recreational 
area, during the peak visitor season over a calendar year. 
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5.14.4   Data and Assumptions 
The VTP jurisdiction area includes the following amounts of land open to public recreation 

(see Section 4.14): 

• 1.4 million acres of State Park Lands,  
• ~ 1 million acres of DFG and CAL FIRE lands 
• ~ 2 million acres of Conservancy lands 

These ~3.4 million acres of land constitute the vast majority of lands whose recreational 
opportunities could be affected by VTP projects. Assuming that these lands have an equal 
probability of receiving VTP projects as other lands within CAL FIRE jurisdiction allows 
extrapolation of Table 5.0.1 to estimate the percentage of recreational lands that are likely to 
be affected by VTP treatments annually under the Proposed Program (Table 5.14.1).  

Table 5.14.1  
Percentage of Recreational Lands Treated Annually Under Proposed Program 

Bioregion 
All 

Treatments 
Prescribed 

Fire Mechanical Hand Herbicides 
Prescribed 
Herbivory 

North 
Coast/Klamath 0.31% 0.07% 0.31% 0.31% 0.13% 0.31% 
Modoc 0.62% 0.02% 0.62% 0.62% 0.38% 0.62% 
Sacramento Valley 2.05% 0.49% 2.05% 2.05% 0.84% 2.05% 
Sierra 0.65% 0.16% 0.65% 0.65% 0.27% 0.65% 
Bay Area 0.47% 0.11% 0.47% 0.47% 0.19% 0.47% 
San Joaquin 0.65% 0.16% 0.65% 0.65% 0.27% 0.65% 
Central Coast 0.76% 0.19% 0.76% 0.76% 0.30% 0.76% 
Mojave 0.06% 0.01% 0.06% 0.06% 0.03% 0.06% 
South Coast 0.75% 0.15% 0.75% 0.75% 0.31% 0.75% 
Colorado Desert 0.35% 0.09% 0.35% 0.35% 0.13% 0.35% 

Recreational areas near metropolitan areas receive more use than remote recreational 
areas (Section 4.14). VTP treatments in these high use areas would be likely to directly and 
indirectly affect more people than treatments in remote areas. It is assumed that likelihood of 
VTP treatments occurring is equal between high and low use recreation areas. 

5.14.5   Direct Effects Common to all Bioregions From Implementing the 
Program/Alternatives  

Effects to recreational resources due to implementing the Proposed Program are likely to 
be small scale, short term and not significant (Table 5.14.2).   
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Table 5.14.2 
Summary of Effects 1/ on Recreational Resources from Implementing 
the Proposed Program 

Bioregion Prescribed Fire Mechanical Hand Herbivory 
Klamath/North 
Coast 

NA NA NA NA 

Modoc NA NA NA NA 
Sacramento Valley NA NA NA NA 
Sierra NA NA NA NA 
Bay Area NA NA NA NA 
San Joaquin NA NA NA NA 
Central Coast NA NA NA NA 
Mojave NA NA NA NA 
South Coast NA NA NA NA 
Colorado Desert NA NA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, 
integrity, abundance or number of; or are outside the natural range of variability, for the resource at 
issue.  Beneficial effects are those effects that improve the diversity, structure, size, integrity, 
abundance or number of; or are within the natural range of variability, for the resource at issue.  SA/SB 
– significant adverse effects are those effects that are substantial, highly noticeable, at the watershed 
scale; and often irreversible.  MA/MB - moderately adverse or beneficial effects - those effects that 
can be detected beyond the affected area, but are transitory and usually reversible.  NA/NB - 
negligible adverse or beneficial effects - those effects that are imperceptible or undetectable. 

 
It is likely that lands subject to VTP treatments would be closed to recreational use for the 

duration of the project, which is not likely to exceed two weeks. The area affected for 
recreational use may exceed the boundaries of the project area for prescribed burning projects 
due to smoke generation. For non-burning treatments, the area affected for recreational use is 
not likely to exceed the project boundaries.  Under the Proposed Program, it is unlikely that VTP 
projects would be implemented on more than 1% of recreational lands per year for all 
bioregions, except the Sacramento Valley Bioregion (Table 5.14.1).   

Implementation of VTP projects is likely to be spread over the entire year, with many 
projects occurring in non-peak visitation months. Peak visitor use tends to occur during the 
summer months for many recreational areas (Section 4.14). Prescribed fire, which is the most 
common treatment type, is most commonly implemented in fall, winter and spring, which are 
off-peak months for recreational use.  

5.14.6   Bioregion-Specific Direct Effects of Implementing the Program/ 
 Alternatives 

In the Sacramento Valley Bioregion where >2% of recreational lands could be subject to 
closures each year, it is not likely that these closures would occur simultaneously. Thus, it is 
very unlikely that more than 1% of recreational areas in the Sacramento Valley or any other 
bioregion would be closed simultaneously due to VTP projects (Determination Criteria 1). 

 



Environmental Impact Analysis - Recreation 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

 5.14- 4 

 
 

5.14.7   Indirect Effects of Implementing the Program/Alternatives 
An indirect effect to recreational use includes decreased visual quality for users due to 

presence of recently treated VTP projects in their viewshed. According to Table 5.0.7 over 98% 
of watersheds in the state would have fewer than 10% of their area treated with VTP projects 
each year under the Proposed Program.  For surface fire vegetation types it is unlikely that any 
VTP treatment would result in a viewshed where more than 80% of the area was burned and 
black, cleared of vegetation, or comprised of dead plants (Determination Threshold 2). For 
crown fire vegetation types it is possible that VTP treatments could result in more than 80% of 
the project area burned and black, cleared of vegetation, or comprised of dead plants. 

Clearing understory vegetation is likely to improve the recreational resource in many cases 
due to increased visibility and access. 

5.14.8  Bioregion-Specific Indirect Effects of Implementing the 
Program/Alternatives 

As mentioned above, for crown fire vegetation types it is possible that VTP treatments 
could result in more than 80% of a project area burned and black, cleared of vegetation, or 
comprised of dead plants. Only the Sacramento Valley, San Joaquin, and South Coast Bioregions 
are dominated by crown fire regime vegetation types, within which more than 1% of the 
watersheds in the bioregion are likely to receive VTP treatments that cover 10% or more of a 
watershed area each year (Table 5.0.7). Thus, recreation is more likely to be indirectly affected 
in these three bioregions due to decreased visual quality, compared to the other bioregions 
(Determination Criteria 2). 

However, there is low likelihood that more than 10% of a given recreational area (state 
park, conservancy, etc.) would be treated in a single year, unless the recreational area was very 
small. Many recreational areas (state parks, conservancies, etc.) encompass parts of multiple 
watersheds and it is unlikely that all watersheds within a given recreation area would be 
intensively treated (>10% area) in a single year, thus less than 10% of most recreational areas 
would be simultaneously treated. 

5.14.9  Determination of Significance 
It is unlikely that the Proposed Program would either:  

1) Close more than 1% of state park lands, or other public recreational areas, because 
of VTP treatments during the peak visitor season over a calendar year, or; 

2) Severely reduce visual quality (more than 80% burned and black, cleared of 
vegetation, or comprised of dead plants) on more than 10% of the area of any one 
state park, or other public recreational area, during the peak visitor season over a 
calendar year. 

Therefore impacts to recreational resources from the Proposed Program are not likely to 
be significantly adverse. The Alternatives treat the same acreage or less as the Proposed 
Program and are also not likely to cause significant adverse effects to the recreational resource. 
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5.14.10  Similar Effects Described Elsewhere 
Impacts to visual/aesthetic resources are described in Section 5.13. 

5.14.11  Mitigation Measures for the Proposed Project 
Checklist Question- applies primarily to small recreational areas (<3,000 acres). 

Checklist Item 5.14.1.  Will the proposed project result in more than 1% of the recreational 
area being closed to recreational use or more than 10% of the recreational area in a condition 
of decreased visual quality? 
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5.15  Geology and Soils 

This section summarizes the impacts to soils and to geology due to implementing either the 
Proposed Program or any of the Alternatives.  

5.15.1   Significance Criteria 
Based on policy and guidance provided by CEQA (PRC Section 21001) and Appendix G of the 

CEQA Guidelines; the Proposed Program and Alternatives would have a significant effect on soils 
and geology if it would cause a relatively high magnitude, persistent, or permanent change in: 

a) Soil erosion rates, loss of topsoil, or soil quality; 

b) Exposure of people or structures to the risk of loss, injury, or death involving 
landslides; 

c) In a geologic unit or soil that is unstable, or that would become unstable as a result of 
the Program or Alternatives, and potentially result in on- or off-site landslide, lateral 
spreading, subsidence, liquefaction, or collapse. 

5.15.2   Thresholds of Determination 
The Program and Alternatives are considered to create a significant effect when a treatment or 

treatments causes: 

a) The erosion hazard rating of a soil to increases more than one class or changes to 
extreme. 

b) The hazard rating of a geologically unstable area to increase more than one class or to 
extreme. 

c) The site quality of the soil is degraded by more than one site class or becomes non-
productive. 

5.15.3   Methodology 
Section 4.15 provides the context for describing the consequences to soils from implementing 

the Proposed Program and Alternatives. The Proposed Program potential treatment acreage by 
bioregion is described in Tables 5.0.1, 5.0.3, 5.0.4, 5.0.5 and 5.0.7. Total acreage treated over a ten-
year period is projected to be approximately 2.16 million acres, which represents about 5.16% of 
the total acreage of CAL FIRE jurisdiction lands that might be treatable in any ten-year period.  

The CAL FIRE Forest and Range Assessment Program (FRAP) digital data on post-fire erosion 
hazard rating was also used for the analysis. Erosion hazard ratings were based on use of the 
Revised Universal Soil Loss Equation and are more fully described by the metadata from the FRAP 
website (http://frap.cdf.ca.gov/). These digital data were overlayed with the watersheds likely to be 
treated over a five-year period. A five-year period was chosen because, as the literature below 
shows, most soils are successfully revegetated within 1-4 years after treatment to a point where 
erosion is usually not a problem. Table 5.15.1 shows the distribution of potential treatments by the 
Proposed Program over five years by the FRAP post fire erosion hazard rating which is considered as 
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a surrogate for the effects of VTP mechanical and prescribed fire treatments. Although the FRAP 
erosion hazard data is useful, it does not show the change in erosion hazard (e.g. whether a treated 
area changed from low to moderate) resulting from effects associated with hand, herbivory or 
herbicide treatments. However, these VTP treatments are not expected to create significant 
adverse effects associated with soil erosion because they have minimal soil disturbance.  

Table 5.15.1 
Acres Potentially Treated by Proposed Program During 5-Year Period by Erosion 
Hazard Rating 

BIOREGION 
Low EHR Moderate EHR High EHR Total Acres 

Acres Treated Over 5-Year Period 
North Coast/Klamath 34,509 62,752 29,489 126,750 
Modoc 76,238 31,525 3,837 111,600 
Sacramento Valley 136,653 16,881 2,466 156,000 
Sierra 101,366 89,853 23,282 214,500 
Bay Area 28,862 34,321 14,817 78,000 
San Joaquin 43,399 13,231 1,869 58,500 
Central Coast 67,679 96,337 25,984 190,000 
Mojave 8,000 1,536 464 10,000 
South Coast 34,373 48,792 19,635 102,800 
Colorado Desert 33,845 2,096 359 36,300 
Five year total 564,923 397,324 122,203 1,084,450 
 Percent by EHR Class Treated per Bioregion 
North Coast/Klamath 27.2% 49.5% 23.3% 100.0% 
Modoc 68.3% 28.2% 3.4% 100.0% 
Sacramento Valley 87.6% 10.8% 1.6% 100.0% 
Sierra 47.3% 41.9% 10.9% 100.0% 
Bay Area 37.0% 44.0% 19.0% 100.0% 
San Joaquin 74.2% 22.6% 3.2% 100.0% 
Central Coast 35.6% 50.7% 13.7% 100.0% 
Mojave 80.0% 15.4% 4.6% 100.0% 
South Coast 33.4% 47.5% 19.1% 100.0% 
Colorado Desert 93.2% 5.8% 1.0% 100.0% 
Total 50.7% 37.4% 11.9% 100.0% 

 
CAL FIRE’s erosion hazard rating system, Technical Rule Addendum 1 (CAL FIRE, 1990) was also 

used to help assign qualitative factors for rainfall intensity and slope steepness. For this analysis 
two-year, six-hour rainfall intensities were obtained from NOAA Atlas 14 for southeastern California 
and from Atlas 2 for the balance of the state. No data were available in a digital form to calculate 2-
year 1-hour rainfall intensities, which are the values used to calculate soil erosion hazard in 
Technical Rule Addendum 1. 
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Table 5.15.2 
2 Year 6-Hour Rainfall Intensity 

Bioregion Average 2-Year 6-Hour 
Rainfall in Inches 

Standard 
Deviation of 

Mean 
Klamath/North Coast 2.066 0.541 
Bay Delta 1.991 0.543 
South Coast 1.725 0.434 
Sierra 1.638 0.448 
Central Coast 1.618 0.237 
Sacramento Valley 1.464 0.232 
Modoc 1.154 0.663 
San Joaquin 1.093 0.240 
Colorado Desert 1.068 0.279 
Mojave 0.969 0.543 

Another important factor in determining soil erosion is steepness of slope. For this analysis, a 
30-meter digital elevation model of the state was used to calculate slope categories by bioregion 
consistent with the categories in CAL FIRE Technical Rule Addendum 1 (CAL FIRE, 1990).  

Table 5.15.3 
Slope of Bioreigons and of Area Potentially Treated in Five Years 

Proportion of Entire Bioregion by Slope Category 

 0-5% 5-15% 15-30% 31-40% 41-50% 51-70% 71%+ 
Klamath/North Coast 10.1% 11.5% 23.3% 19.5% 15.6% 16.4% 3.7% 
Modoc 43.1% 27.1% 18.7% 5.9% 3.0% 2.0% 0.2% 
Sacramento Valley 78.7% 13.4% 4.7% 1.4% 1.6% 0.1% 0.0% 
Sierra 12.0% 21.6% 27.9% 14.5% 9.8% 10.3% 3.9% 
Bay Area/Delta 41.2% 13.9% 19.8% 10.0% 8.4% 6.5% 0.3% 
San Joaquin Valley 82.8% 8.4% 5.0% 1.3% 1.2% 1.2% 0.1% 
Central Coast 14.3% 19.4% 25.7% 15.3% 11.2% 11.9% 2.3% 
Mojave 47.9% 23.4% 12.7% 5.6% 4.7% 4.6% 1.1% 
South Coast 28.8% 19.1% 20.8% 11.8% 8.3% 7.5% 3.8% 
Colorado Desert 63.4% 14.4% 9.2% 4.3% 4.2% 3.6% 0.9% 

Proportion of Area Treated Over Five Years by Slope Category 
Klamath/North Coast 7.9% 14.0% 27.7% 18.9% 15.4% 13.7% 2.3% 
Modoc 34.7% 28.8% 20.6% 7.6% 5.3% 2.9% 0.0% 
Sacramento Valley 76.1% 14.7% 6.0% 1.5% 1.6% 0.1% 0.0% 
Sierra 9.3% 25.4% 31.5% 13.0% 10.5% 8.2% 2.3% 
Bay Area/Delta 34.2% 15.6% 20.2% 11.2% 9.6% 8.7% 0.5% 
San Joaquin Valley 79.6% 8.9% 6.3% 1.9% 1.7% 1.6% 0.0% 
Central Coast 9.0% 21.8% 29.4% 15.2% 12.0% 11.1% 1.6% 
Mojave 47.4% 23.0% 14.1% 6.7% 3.0% 5.2% 0.7% 
South Coast 31.3% 19.2% 19.9% 12.7% 7.4% 7.0% 2.4% 
Colorado Desert 60.1% 13.8% 10.2% 5.1% 5.4% 4.1% 1.3% 
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For landslide hazard, the USGS US-wide digital data of landslide hazard was used, as California-
wide landslide hazard digital data is unavailable. These data were overlayed with the watersheds 
likely to be treated over five years to determine the proportion of a bioregion that might be 
classified as high landslide hazard as well as the proportion of the Program area treated acreage 
that might be classified as high landslide hazard.  

5.15.4  Direct Effects Common to all Bioregions From Implementing the Program/ 
Alternatives 

There are several landscape constraints and MMRs that help reduce impacts to soils and 
geology when the Proposed Program is implemented. Landscape Constraint 3 restricts the use of 
heavy equipment on known potential or active geologically unstable areas, unless the equipment 
use can be justified by the particular goals of the project (e.g., improving wildlife habitat). 
Operations on known geologically unstable areas must include specific measures to minimize 
impacts. This constraint would limit prescribed fire and heavy equipment operations on unstable 
areas including areas classified as landslides, headwalls of unstable areas, areas that might 
experience debris slides, etc. MMR 2 disallows heavy equipment operation on soils that are 
saturated. Operations could still take place when soils were damp or wet, but operations could not 
take place when soil displacement (e.g. erosion) would cause a visible increase in turbidity in Class I, 
II, III or IV waters.  

Table 5.15.4 summarizes the information from the balance of this chapter on the effects of 
implementing the Program across the state by bioregion in terms of effects to soils and geology.  

Table 5.15.4 
Summary of Effects 1/ on Soils and Geology from Implementing the 
Proposed Program 

Bioregion Prescribed Fire Mechanical Hand Herbivory 
Klamath/North Coast MA MA NA NA 
Modoc NA NA NA NA 
Sacramento Valley NA NA NA NA 
Sierra MA MA NA NA 
Bay Area MA MA NA NA 
San Joaquin NA NA NA NA 
Central Coast MA MA NA NA 
Mojave NA NA NA NA 
South Coast MA MA NA NA 
Colorado Desert NA NA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or are 
within the natural range of variability, for the resource at issue. SA/SB – significant adverse effects are those 
effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. MA/MB - 
moderately adverse or beneficial effects - those effects that can be detected beyond the affected area, but are 
transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects that are 
imperceptible or undetectable. 
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Proposed Program Prescribed Fire Effects and Soil Erosion  
The effects of prescribed fire can vary from merely removing some of the litter (low burn 

severity) to completely consuming the duff layer and the organic matter in the upper soil layers 
(high burn severity). The amount of duff consumption during prescribed fires is controlled primarily 
by the thickness and water content of the duff prior to burning. If the duff is completely consumed 
by a fire, the mineral soil is exposed to rain splash and overland flow. However, as noted in Section 
5.7, Robichaud, et al., (2007) state that: 

“Erosion rates tend to be positively correlated with percent bare soil and the amount of 
surface disturbance, and these two factors generally are proportional to the number of trees 
being harvested (Haupt and Kid 1965). In general, erosion rates are acceptably low when the 
proportion of bare soil is less than 30 to 40 percent (Benavides-Solorio and MacDonald 2005; 
Gary 1975; Swank and others 1989).” 

Section 5.7 also cites research indicating that when cover of vegetation and litter exceeds 75%, 
only about 2% of rainfall becomes runoff and erosion is low (Robichaud et al., 2000). Conversely, 
when ground cover is reduced to less than 10% through severe disturbance, erosion can increase by 
three orders of magnitude (Robichaud et al., 2000). Robichaud et al., (2000) also found that post-
fire erosion rates in forested areas returned to baseline conditions in 2-4 years after low intensity 
fires, but took as long as 7-14 years following severe wildland fire.  

As Section 5.7 notes, prescribed fire in chaparral systems often burn at moderate to high 
severity, which is more similar to wildfire than the low intensity broadcast burns conducted in the 
understory of forested systems (DeBano, 1989; Wohlgemuth pers. comm., 2007). In chaparral, 
sediment yields after moderate severity prescribed fires have been reported as generating 10 to 
30% of the sediment yields generated after high severity wildfires (Wohlgemuth, 2001). Compared 
to erosion rates from unburned areas, sediment yields increased 300 to 700% after prescribed fire 
and from 3,000% to 67,000% after wildfire (Robichaud et al., 2000). Wohlgemuth (2001) reported 
that in one Southern California chaparral watershed a high severity wildfire that burned through an 
area that was previously treated by prescribed fire burned at lower intensity and produced only 10-
20% of the sediment produced by wildfire in adjacent areas. Wohlgemuth also reported that post-
fire sediment yields returned to background levels in 2-4 years for both high and low severity fires. 
High severity fires are of particular concern because the loss of protective cover and fire-induced 
soil water repellency can induce severe flooding and erosion after even moderate rain events 
(Robichaud et al., 2005). 

As Neary, 2005 states:  

“Soil erosion following fires can vary from under 0.1 tons/acre/year to 6.7 
tons/acre/year in prescribed burns, and from less than 0.1 tons/acre in low severity 
wildfire, to more than 164.6 tons/acre/year in high-severity wildfires on steep slopes. For 
example, Radek (1996) observed erosion of 0.13 tons/acre/year to 0.76 tons/acre/year 
from several large wildfires that covered areas ranging from 494 to 4,370 acres in the 
northern Cascades Mountains. Three years after these fires, large erosional events occurred 
from spring rainstorms, not from snowmelt. Most of the sediment produced did not leave 
the burned area. Sartz (1953) reported an average soil loss of 1.5 inch (37 mm) after a 
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wildfire on a north-facing slope in the Oregon Cascades. Raindrop splash and sheet erosion 
accounted for the measured soil loss. Vegetation covered the site within 1 year after the 
burn. Robichaud and Brown (1999) reported first-year erosion rates after a wildfire from 
0.5 to 1.1 tons/acre decreasing by an order of magnitude by the second year, and to no 
sediment by the fourth, in an unmanaged forest stand”. 

For surface fire regime vegetation types, most VTP treatments will typically retain >75% ground 
cover (Table 5.0.3). About 25% of all treatments would consist of prescribed fire treatments in 
surface/mixed fire regimes and about 29% of all treatments would consist of prescribed fire 
treatments in crown fire vegetation types. In crown fire vegetation types, the amount of 
undisturbed soil is often much lower after prescribed burning (Table 5.0.3) compared to 
surface/mixed fire regimes: sometimes as low as 50% residual soil cover. However, for both 
treatment types, vegetative recovery after fuel treatments is generally very rapid, with erosion rates 
typically dropping to pre-fire levels within one to two years.  

The effects of prescribed burning on soil erosion and productivity depend on the temperature 
of the prescribed burn, the amount and type of vegetation cover removed, the erosion hazard 
rating, and soil moisture. For this impact and all other erosion-related impacts, erosion hazard 
ratings are based on the data and assumptions noted in Section 5.15.3. Approximately 12% of all 
treatments might result in an erosion hazard rating post treatment of high. On areas with a pre-fire 
low or moderate erosion hazard rating, prescribed burns that reduce the litter layer but have little 
effect on the duff layer will not interfere with the maintenance of sufficient soil cover, substantially 
increase soil erosion, or reduce productivity. For treatment areas currently rated low or moderate 
from an erosion hazard standpoint, prescribed fire treatments that result in no more than 30%-40% 
bare ground remaining after treatment are not likely to change to an erosion hazard rating of high. 
For soils which are currently rated on the high end of moderate, a reduction in surface cover of 
more than 40% could result in a change to an erosion hazard rating of high, or if 70% or more of the 
treated area is classed as bare ground the resulting treatment erosion hazard rating could change by 
two classes and/or to extreme.  

Prescribed burns can remove cover, expose soil to excessive force from raindrops and cause 
overland flow. Under this condition, there can be a substantial increase in water-borne erosion and 
a reduction in soil organic matter, which can result in a substantial loss in soil productivity. As 
Section 4.15 points out; “Prescribed burns can alter erosional processes, including dry ravel. Dry 
ravel as an erosional process has also been documented in Southern California watersheds. 
Following the 1985 Wheeler fire, fine gravel was delivered to the stream channel at a rate of 0.29 
m3/km2/month  (Florsheim et al., 1991)”. 

The potentially adverse effects from prescribed fire causing dry ravel are likely to be limited to 
the Southern California Bioregions, particularly the Central Coast and South Coast Bioregions. Rates 
of dry ravel resulting from prescribed fire are not expected to be as high as the rate of dry ravel 
experienced after wildland fire because the amount of surface cover remaining after prescribed fire 
is expected to be much higher than surface cover remaining after wildfire.  

Because significant plant litter and skeletal (rock fragments) remains would be retained after 
burning in all vegetation types except grasslands, only the soils underlying grasslands are potentially 
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subject to wind erosion. However, because grassland burning is not expected to disturb the soil and 
would be conducted in spring when the grasses and soils are relatively moist and air temperature 
and humidity are usually moderate, grass fires would be relatively cool. As a result, plant root 
systems would typically remain intact and provide substantial resistance to wind erosion.  

Proposed Program Mechanical and Hand Treatment Effects and Soil Erosion 

For all treatments discussed below, it should be remembered that changes in erosion hazard 
rating are heavily influenced by the inherent erosion potential of the soil, slope steepness and likely 
rainfall intensity expected in the bioregion. 

Treatments such as blading, tilling, plowing, chaining, or soil disking drastically disturb the top 8 
to 12 inches of the soil profile, while ripping may go as deep as 36 inches. Other types of mechanical 
treatment, such as roller chopping, maceration, and mowing directly disturb only the top few inches 
of topsoil and organic matter. During mechanical thinning to reduce fuel loads, cutting, skidding, 
and decking can all result in disturbance to soils. Roller chopping, maceration, and mowing result in 
minimal soil disturbance, reduce the aboveground biomass, and can provide a layer of mulched 
organic material to protect the soil from erosion and other effects. With some systems, mowing and 
mulching occurs in front of the machine, leaving a cushion of mulch to travel over, thereby reducing 
surface disturbance.  

Neary et al., (2005) report that landscape-disturbing activities such as mechanical site 
preparation can generate as much as 6.7 tons/acre of soil erosion. Page-Dumroese et al., (2006) 
found that on average about 16% of areas treated mechanically had detrimental soil disturbance, 
which they defined as more than 15% of an area in wheel/tractor ruts, excessively deformed soils, 
etc. In addition, they also found there was a substantial difference between rubber-tired and tractor 
mechanical equipment, with rubber tired equipment leaving only 15% of the treated area in a 
detrimental condition compared to 45% with a tractor. Powers et al., (1998) cites information from 
the U.S. southeast that tractor piling and windrowing increase growth of planted trees for up to 10 
years, but there are subsequent declines in growth thereafter. Powers cites reduced weed 
competition as the reason for growth increases, which mask longer-term soil declines. Powers also 
states that focusing on tree growth often misses the fact that total productivity of all vegetation is 
often the greatest with the least severe treatment and that such a narrow focus can lead managers 
to repetitive practices that degrade the soil until it is obvious to everyone.  

Mastication of understory vegetation is one of the more intensive mechanical treatments, 
however it may have minimal effects on erosion or runoff rates where vegetation volumes are high 
prior to treatment. Hatchet et. al., (2004) found that an excavator-based masticator working in 
mixed conifer forests in the Tahoe basin generated 0-9% bare ground and insignificant soil 
compaction after treatment, and concluded that “erosion impacts would be slight to insignificant” 
where a mulch layer four to eight inches thick was developed during the mastication process. In 
vegetation types such as desert scrub, where the volume of vegetation is relatively low, mastication 
may have a much more dramatic impact on erosion rates due to the minimal mulch cover created 
during treatment. 

The BLM notes in its 2005 PER (USDI BLM, 2005) that, “Increased erosion and reduced water 
infiltration have been observed in pinyon-juniper (Roundy et al., 1978), sagebrush (Brown et al., 
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1985), and creosotebush (Tromble 1980) treatment areas”. These effects would typically last until 
vegetation was able to recover at the treatment site”. The BLM also notes that, “For example, in 
areas with scarce vegetation (less than 40% cover), minor reductions in plant biomass have been 
shown to cause significant erosion, whereas areas with more extensive cover experience little 
change in soil loss under similar conditions. The effects of loss of plant cover and organic matter are 
most pronounced on steep slopes.”  

Robichaud, (2007) indicates that in a masticator treated stand in Colorado, the use of a Hydro-
Ax Masticator redistributed existing litter and scattered wood chips over 21 percent of the surface 
area while percent bare soil increased from 9 to 15 percent. The data also showed no evidence of 
surface runoff or hillslope erosion from either the thinned or the control plots, even though the 
steepest plots (>50 percent slope) were subjected to a 1.6-inch storm with a maximum 30-minute 
intensity of 2.4 in./hour (e.g., 1.2 inches fell in 30 minutes and the remaining 0.4 inches fell during 
the balance of the storm).  

Mastication treatments also significantly alter the fuel profile, resulting in an approximate 200 
percent average increase in woody fuel cover for 1-hr and 1000-hr. size classes, and greater than 
300 percent average cover increase in 10-hr and 100-hr size classes (Bradley, Gibson and Bunn, 
2006). Also, adding large amounts of organic matter to the soil surface may result in short-term 
reductions in nutrient availability for plant reestablishment.  

Mechanical treatments that involve mowing (generally in grasslands and in oak woodlands) are 
not expected to result in soil erosion.  

According to Robichaud, (2007), in a comparison of clearcut and thinned plots to control plots 
hand felling without mechanized yarding caused minimal surface disturbance and no increase in 
erosion.  

Non-commercial thinning operations (without yarding) have small, short-lived impacts on 
runoff and sediment production, even when operations extend over large areas (Neary et al., 2005) 

Mechanical treatments can potentially result in excessive soil erosion and loss of productivity. 
Mechanical treatments along contours in surface fire regimes are not likely to substantially increase 
soil erosion or reduce productivity because annual plant species germinate after fall rains and 
provide cover that reduces erosion and maintains productivity. Approximately 12% of all mechanical 
treatments might result in an erosion hazard rating post treatment of high. As long as the uprooting 
of vegetation on areas with low or moderate erosion hazard rating is limited so that less than 30%-
40% of the treated area is left as bare ground, erosion should decrease substantially beyond the 
first few years after treatment  (Robichaud et. al., 2007). For soils which are currently rated as on 
the high end of moderate, a reduction in surface cover due to mechanical treatments of more than 
40% could result in a change from moderate to high erosion hazard; or, if 70% or more of the 
treated area is classed as bare ground after treatment, the resulting mechanical treatment-related 
erosion hazard rating could change by two classes and/or change to extreme.  

Non-mastication mechanical treatments in crown fire regimes can result in up to 75% bare 
ground as a result of treatment. In crown fire ecosystems treated by non-mastication mechanical 
treatments, the erosion hazard rating could change to high if more than 30-40% bare ground results 
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from treatment on moderate erosion hazard lands. If the same treatment in crown fire ecosystems 
results in as much as 70% bare ground or more, the erosion hazard rating could change by two 
classes and/or change to extreme.  

Mechanical treatment using mastication in crown fire ecosystems that have high biomass 
volume (e.g., in chaparral) is likely to result in a small amount of bare ground post treatment and 
therefore the change in soil erosion potential is not likely to change by more than one class. 
Mechanical treatment of crown fire ecosystems with low biomass volumes are likely to have higher 
percentages of bare ground remaining after treatment. Erosion potential from these systems (such 
as coastal sage scrub, desert scrub, grasslands) will be heavily dependent on the slope steepness 
and on rainfall intensity.  

Proposed Program Prescribed Fire Effects and Soil Temperature 

Soil temperature increases generated during a cool burn prescribed fire in mixed conifer forests 
are low and of short duration. This type of fire would be carried by the surface litter and would 
probably not consume much standing vegetation, although it might affect some smaller seedlings. 

Nearly et al., (2005) states that the difference between wild and prescribed fires in crown fire 
ecosystems is mainly the amount and rate at which the plant canopy is consumed. During wildfires, 
the entire plant canopy can be consumed within a matter of seconds, and large amounts of heat 
that are generated by the combustion of the aboveground fuels are transmitted to the soil surface 
and into the underlying soil. In contrast, crown fire ecosystems can be prescribe-burned under 
cooler burning conditions (for example, higher fuel moisture contents, lower wind speeds, higher 
humidity, lower ambient temperatures, using northerly aspects) such that fire behavior is less 
explosive. Under these cooler burning conditions the shrub canopy may be not be entirely 
consumed, and in some cases a mosaic burn pattern may be created, particularly on north-facing 
slopes.  

Busse et. al., 2010) found that when the volumetric moisture content of soils was 20% or 
greater such moisture content quenched the heat pulse in all soils at depths of 2.5 cm and lower. In 
comparison, soil temperatures in dry soil far exceeded the lethal threshold to a depth of 10 cm. 
Also, they found that differences in heating characteristics among the four soil types they 
investigated (sandy loam, sandy loam–pumice, loam, clay loam) were minor despite their 
dissimilarities in texture, porosity, bulk density, and presumed thermal conductivity. 

Smoldering fires do not have flames, are slow moving and visually unimpressive, but frequently 
have long burnout times and may have a deep burning front. Soil heating during this long duration 
smoldering process may be substantial. Temperatures within smoldering duff often are between 
932 and 1,112 F (500 and 600 C). The duration of burning may last from 18 to 36 hours, producing 
high temperatures in the underlying mineral soil. 

The highest soil temperatures are reached when concentrated fuels such as slash piles and 
thick layers of duff burn for long periods. Neary (2005) reports that soil temperatures under a pile of 
burning eucalyptus logs reached lethal temperatures for most living biota at a depth of almost 22 
cm in the mineral soil. It must be kept in mind, however, that this extreme soil heating occurred on 
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only a small fraction of the area, although the visual effects on plant growth were observed for 
several years.  

Bradley et al., (2006) state that in Northern California shrub ecosystems which were masticated 
and then prescribed burned, the mean flame length was significantly greater (29 vs. 10 inches) as 
was the flame zone depth (20 vs. 6 inches) in the masticated units than in unmanipulated units, as 
were the mean temperatures at the litter surface (657°F vs. 219°F) and at 1.64 ft (0.5 m) above the 
litter surface (277°F vs. 59°F). Greater flaming and heat release in the masticated units led to 
increased mortality of overstory and pole-sized oaks and conifers, posing conflicts with the 
management objective of retaining overstory vegetation.  

Prescribed fire applied to surface/mixed fire regimes is not expected to adversely degrade soil 
productivity due to excessive temperatures, except under piles and concentrations of slash, as most 
prescribed fire would be conducted using ignition and timing techniques that result in a short 
duration flaming front. Prescribed fire applied to crown fire ecosystems such as coastal sage scrub, 
chaparral and desert shrub ecosystems has the potential to result in high temperatures if conducted 
under ignition and timing techniques that lead to long duration/long flame length conditions. 
Prescribed fire applied to grasslands is not likely to result in high soil temperature, as duration and 
intensity are likely to be too low to create an adverse change in soil productivity.  

Proposed Program Prescribed Fire Effects to Soil and Water Repellency 

Soil heating during a fire can produce a water-repellent layer at or near the soil surface that 
further impedes infiltration into the soil. The severity of the water repellency in the surface soil 
layer, however, decreases over time as it is exposed to moisture; in many cases, it does not 
substantially affect infiltration beyond the first year.  

Neary et al., (2005) state that in some vegetation types a moderate or high severity fire can 
change or induce water repellent soil conditions at or near the soil surface. The fire-induced soil 
water repellency and disaggregation of soil particles will reduce the infiltration rate of the mineral 
soil, and the loss of organic material reduces the water storage capacity above and in the mineral 
soil. These changes result in increased runoff, especially from short duration, high intensity rain 
events (Baker, 1990). However, heat-induced water repellency typically persists for only a few 
years. 

Knapp et al., 2009) report in their literature synthesis of the ecological effects of prescribed fire 
season that plant roots are killed starting at soil temperatures between 118 and 129 F, microbes are 
killed between 122 and 250 oF, and buried seeds have been reported to die at temperatures 
between 158 and 194 oF. Knapp et. al., also report on research by Hamman et al., (2008) who 
reported soil temperature, moisture and pH, plus mineral soil carbon levels and microbial activity 
following late spring/early summer (June) prescribed burns to be generally intermediate between 
fall (September/October) prescribed burns and unburned controls. Knapp also reports on research 
by Smith et al., (2004) which found that the October prescribed burns significantly reduced fine root 
biomass to a depth of 4 in and depressed the number of ectomycorrhizal species, relative to units 
burned in June. Fine root biomass and ectomycorrhizal species richness following the June burns did 
not differ from the unburned control. Soil moisture values were not provided, but given the rainfall 
patterns, it was likely considerably higher at the time of the June burns. Other studies corroborate 
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findings of a greater loss in soil microbes following burns when soils were dry than when soils were 
moist (Klopatek et al., 1988, 1990), corresponding to the amount of soil heating.  

Coarse-textured soils (e.g., sand and loamy sand) with low particle surface area are more prone 
to the formation of water-repellant layers than fine-textured soils (e.g., clay). The soil’s moisture 
content also affects the depth to which hydrophobic substances generated by fire penetrate. In dry 
soils these substances tend to penetrate to a greater depth than in wet soils (DeBano et al., 1979). 
In field measurements conducted during a fire, a greater reduction in infiltration capacity was 
observed in dry soil than in moist soil (DeBano, 1991), presumably because the hydrophobic 
substances were concentrated in a dense layer at the soil surface. 

The creation of water repellency in soils treated by prescribed fire is likely to be localized to 
crown fire ecosystems with coarse textured soils. In all bioregions, the total acreage treated over 
ten years in crown fire ecosystems is never more than 7.6% of all jurisdiction lands, let alone the 
entire acreage in the bioregion (Table 5.0.5), except for the Sacramento Bioregion. Ignition timing 
and other prescribed fire techniques are expected to reduce duration of heating and flame lengths 
on most treatment areas so that production of water repellent substances is reduced. As a result, 
though there may be adverse effects to soil productivity through creation of water repellency, these 
effects are likely to last only a few years, though if repellency occurs during high rainfall events 
runoff can lead to debris slides (see below).  

Prescribed burns that occur on coarse-textured soils with low moisture content could result in a 
hydrophobic layer that impedes infiltration, resulting in an increase in erosion and an adverse 
change in soil productivity.  

Proposed Program Prescribed Fire Effects on Soil Biota  

Soil microorganisms are complex. How they respond to fire depends on numerous factors, 
including fire intensity and severity, site characteristics, and pre-burn community composition. Most 
studies have shown strong resilience by microbial communities to fire. Recolonization to pre-burn 
levels is common, with the amount of time required for recovery generally varying in proportion to 
fire severity.  

Neary et al., (2005) state that almost by definition, low-severity prescribed fire has a minimal 
effect on soil biota. The maximum temperatures are generally non-lethal, except in the upper litter 
layer, and therefore the consumption of forest floor habitat is limited. Changes in microbial activity, 
in fact, often show a positive response to this type of fire, particularly with respect to nitrogen 
fixation and availability. Rates of litter decay and enzyme activity are generally unaffected by low 
severity underburning. Such results are not universal, however, as others have found that nitrogen 
mineralization was reduced at sites burned either 5 or 12 years earlier by low- to medium-severity 
prescribed fire. They suggested that fire-induced changes in nitrogen mineralization possibly 
contributed to a decline in the long-term site productivity of ponderosa pine stands in central 
Oregon.  

Neary, (2005) states that “while single-entry underburning is generally considered harmless, 
repeated burning has been shown to substantially reduce microbial population size and activity 
(Jorgensen and Hodges 1970, Bell and Binkley 1989, Tongway and Hodgkinson 1992, Eivazi and 
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Bayan 1996). This observation reflects a cumulative reduction in forest floor and total nutrients with 
frequent burning. Most studies have compared either annual burning or short-term repeated fires (2 
to 4 years). The long-term impact of repeated burning every 7 to 20 or more years on soil organic 
matter, nutrient content, and microbial processes is not understood. As a consequence, Tiedemann 
and others (2000) urge caution in the use of frequent fire and suggest including partial harvesting as 
a complementary practice to reduce wildfire risk and extend the period between prescribed 
burning”.  

Mycorrhizal fungi are easily affected by fire, and the extent of damage depends upon fire 
severity, the reproductive structures exposed to soil heating and the type of fungi (such as endo or 
ectomycorrhiaze). Mycorrhizae and roots frequently occupy the uppermost duff layers of soil and as 
a result are subjected to lethal soil temperatures during a fire because these layers are frequently 
combusted, particularly during medium- and high-severity fires.  

Prescribed fire treatments are not likely to result in adverse effects to soil biota because, other 
than the Sacramento bioregion, less than 7.6% of any bioregion is likely to be treated with 
prescribed fire in ten years. However, repeated burning, particularly annual or short interval 
burning, can potentially cause adverse effects to soil biota and thus to soil productivity. Ignition 
timing and other prescribed fire techniques are expected to reduce duration of heating and flame 
lengths on most treatment areas, and likewise reduce impacts to soil biota.  

Proposed Program Prescribed Fire Treatment Effects On Soil Structure 

The physical processes occurring during fires are complex and include both heat transfer and 
the associated change in soil physical characteristics. The most important soil physical characteristic 
affected by fire is soil structure, because the organic matter component can be lost at relatively low 
temperatures. The loss of soil structure increases the bulk density of the soil and reduces its 
porosity, thereby reducing soil productivity and making the soil more vulnerable to post-fire runoff 
and erosion. Although heat is transferred in the soil by several mechanisms, its movement by 
vaporization and condensation is the most important. The result of heat transfer in the soil is an 
increase in soil temperature that affects the physical, chemical, and biological properties of the soil. 
The magnitude of change in soil physical properties depends on the temperature threshold of the 
soil properties and the severity of the fire. The greatest change in soil physical properties occurs 
when smoldering fires burn for long periods.  

Powers (1998) states that on a sandy textured soil in California, moderate compaction 
improved seedling growth (due to increased water holding capacity), but that moderate compaction 
of a clay loam soil reduced conifer seedling growth due to reduced soil moisture availability. Powers 
also cites work from western Washington which showed that increasing bulk density of a loam by 
28% reduced aeration capacity below the standard (0.1 cubic meters per cubic meter) considered 
vital for root respiration in forest soils.  

Powers also cites work from the South showing a decline in second rotation height growth of 
planted trees on sites that were disked and slash burned compared to sites where only the slash 
was burned. These reductions were speculated to be due to an increase in bulk density 
(compaction). 
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Grier et al., (1989) state that light to moderate burns usually have little effect on the physical 
properties of the mineral soil; however, intense fires can cause the breakdown of soil aggregates 
and the fusion of clay particles.  

About 115,000 acres of prescribed fire treatments are expected annually, which is about 0.3% 
of the total jurisdiction lands statewide. Over 10 years 42.5 % of all watersheds are never treated 
and another 42% of all watersheds never wind up with more than 10% of the watershed being 
treated. In the watersheds with 1-10% treated only half of the treatments would be conducted 
using prescribed fire. As a result, prescribed fire treatments in surface fire ecosystems are not likely 
to result in substantial adverse effects to soil productivity through changes in soil structure since 1) 
most burns are light to moderate and soil physical properties are not expected to be affected (Grier 
et al., 1989) and 2) the extent of such treatments across the state is extremely low even after 10 
years of treatments. Most such prescribed fire treatments are short duration (at any one spot) and 
flame lengths are low. Prescribed fire in crown fire vegetative ecosystems could conceivably result 
in adverse effects to soil productivity due to changes in soil structure, but ignition timing and 
techniques are likely to reduce these effects.  

Proposed Program Mechanical Treatment Effects On Soil Structure 

Grier et al., (1989) note that soil compaction is a problem commonly associated with a variety 
of harvesting and site preparation techniques, mostly using tractors and rubber tired skidders. They 
note that changes in bulk density can occur with less than three passes of heavy equipment. As soil 
compaction increases, root penetration is impeded until plant growth is reduced and can lead to 
greater surface runoff and erosion, particularly on steep slopes. Grier et al., also note that some site 
preparation techniques can have major impacts on soil physical properties, especially those where 
the integrity of the soil profile is deeply disturbed or surface horizons are removed, such as in 
mechanical scalping, root raking and some forms of brush piling.  

Any loss of organic matter in the uppermost layers of the mineral soil will alter the structure of 
the surface soil, and the resultant disaggregation of the soil particles can greatly increase its 
susceptibility to erosion.  

About 39,000 acres (less than 0.1% of jurisdiction lands) per year would be treated across the 
state with mechanical treatments. Over 10 years 42.5 % of all watersheds are never treated and 
another 42% of all watersheds never wind up with more than 10% of the watershed being treated. 
In the watersheds with 1-10% treated, only one third of the treatments would be mechanical 
treatments. At any time, however, whether from wet weather patterns or from intensive operations 
on soils that are not saturated, compaction from heavy equipment can compact soil and cause 
adverse impacts to soil productivity. The compacted soil may have reduced infiltration rates, 
causing increased runoff and substantially accelerated erosion. The bulk density of severely 
compacted soils is also increased, reducing root penetration and gas exchange, lowering the soil’s 
productivity. Tracked equipment is less likely to cause soil compaction than wheeled equipment, 
whether soils are dry or soils are wet but not saturated.  

Mechanical treatment using heavy equipment could occur throughout the year when soils are 
dry, with the majority of operations occurring in the dry season, ~May 1 to November 15. When 
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mechanical equipment is used on dry soils, there are likely to be no adverse effects to soil 
productivity due to soil compaction.  

Proposed Program Prescribed Fire Treatment Effects On Soil Chemistry 

The most basic soil chemical property most affected by soil heating during fires is organic 
matter. Organic matter not only plays a key role in the chemistry of the soil, but it also affects the 
physical properties and the biological properties of soils as well. Soil organic matter plays a key role 
in nutrient cycling, cation exchange, and water retention in soils. When organic matter is 
combusted, the stored nutrients are either volatilized or are changed into highly available forms 
that can be taken up readily by microbial organisms and vegetation. Those available nutrients not 
immobilized quickly by soil particles or organisms are lost by leaching or surface runoff and erosion. 
Nitrogen is the most important nutrient affected by fire, as it is easily volatilized and lost from the 
site at relatively low temperatures. The amount of change in organic matter and nitrogen is directly 
related to the magnitude of soil heating and the severity of the fire. High and moderate severity 
fires cause the greatest losses. Nitrogen loss by volatilization during fires is of particular concern on 
low-fertility sites because only nitrogen-fixing organisms can replace nitrogen in the soil and 
nitrogen fixing occurs at slow rates. On the other hand, these elements are not easily volatilized and 
usually remain on the site in a highly available form. An abundance of cations can be found in the 
thick ash layers (or ash-bed) remaining on the soil surface following high-severity fires.  

Grier et al., (1989) state that nutrient losses associated with removing organic matter from a 
site are affected not only by the magnitude of the removal but also by the frequency of removal. If 
rotation lengths were shorter than the time required for a site to naturally replace nutrients lost in 
harvest (or treatment) then productivity losses due to depletion of these nutrients would tend to 
occur. 

Grier et al., (1989) also observe that fire speeds up decomposition, since organic matter that 
would normally take several years to decompose is converted almost instantly to ash, while its 
carbon, nitrogen and other elements are released as gases. They also note that many researchers 
report an increase in pH after burning, but the increase is short lived in areas of high precipitation. 
As long as nutrients in the ash are not immediately lost through erosion or leaching, they become 
available for plant growth and may increase productivity temporarily.  

About 115,000 acres of prescribed fire treatments are expected annually, which is about 0.3% 
of the total jurisdiction lands statewide. Over 10 years 42.5 % of all watersheds are never treated 
and another 42% of all watersheds never wind up with more than 10% of the watershed being 
treated. In the portion of the watersheds with 1-10% treated only half of the treatments would be 
conducted using prescribed fire. Prescribed fire treatments used for the VTP are not likely to 
adversely affect soil productivity because most prescribed fire effects to soil chemistry are limited in 
intensity, and in some cases result in beneficial effects. Changes to soil productivity are directly 
linked to the temperature of the prescribed fire. Ignition timing and firing techniques are expected 
to result in most cases in “cool” prescribed burns. Given the fact that less than 0.5% of all 
jurisdiction acreage is likely to be treated across the state on an annual basis, there is not likely to 
be an adverse effect to soil productivity as a result of prescribed fire effects on soil chemistry. 
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Proposed Program Prescribed Fire and Mechanical Treatment Effects and Geologically Unstable 
areas (Debris Slides) 

Hassan et al., (2005) report that episodic mass wasting produces the most significant erosion, 
while continually recurring processes such as surface erosion and soil creep are relatively minor 
sources. They suggest that soil transported by surface erosion is on the order of 1-10 cubic meters 
per square kilometer per year while erosion from landslide scars, gullies, etc., is on the order of 
1,000 cubic meters per kilometer per year, and that surface erosion from active road surfaces could 
be as much as 10,000 cubic meters per square kilometer (of actual road surface) per year. 

Consumption of the rainfall intercepting canopy and the soil mantling litter and duff, drying of 
the soil, generation of vegetative ash, and the enhancement or formation of water repellent soils 
can result in decreased rainfall infiltration and significantly increased runoff and movement of soil 
which can lead to in-channel flooding, debris torrents, and debris sliding (Spittler, 1995; Ice, 2003; 
Cannon and others, 2009). This can adversely impact the public safety of high-value features (for 
example homes, roads, public buildings, transmission lines) near, within, or downslope of burned 
stream channels where they may be in positions to be affected by possible flooding and/or 
landsliding (Cruden and Varnes, 1996; Spittler, 2005; Cannon and others, 2007). This can also lead to 
adverse environmental impacts through erosion and sediment delivery to burned watersheds. 

Neary et al., (2005) state that, based on work by DeBano and others, most fire-associated mass 
failures are debris flows associated with development of water repellency in soils. Chaparral 
occupying steep slopes in southern California has a high potential for mass failures, particularly 
when deep-rooted chaparral species are replaced with shallower-rooted grass species (Rice, 1974). 
These mass failures are a large source of sediment delivered to stream channels. Neary et al., quote 
information from Wells (1981) that wildfire in chaparral vegetation in coastal southern California 
can increase average debris avalanche sediment delivery in large watersheds from 18 to 4,845 cubic 
yards/square mile/year; however, individual storm events in smaller basins can trigger much greater 
sediment yields. Debris slide volumes have been measured as high as 221,026-cubic yards per 
square mile after single storms in California chaparral. Cannon (2001) describes several types of 
debris flow initiation mechanisms after wildfires in the southwestern United States. Of these, 
surface runoff, which increases sediment entrainment, was the dominant triggering mechanism.  

Rice et al., (1981) report that in southern California chaparral one percent of an area prescribed 
burned six years earlier was in “soil slips” following a 9-year return interval storm. Following a much 
larger storm the number increased to 6% soil slips on the burned area, compared to 0.7% soil slips 
in unburned areas.  

Cannon (2001) analyzed 95 basins burned by fires in the western United States in 1997 (86 in 
southern California) and found that 23 of those sustained debris flows after “significant” rainfall 
events. Most debris flows were in high relief watersheds where the ratios were on the order of 0.4 
to 0.6 (relief ratio is a measure of basin steepness, the elevation difference divided by the longest 
stream channel extended to the divide). 

Vegetation removal can increase soil moisture levels by reducing transpiration rates. As soil 
moisture levels and pore water pressures increase, frictional forces between bedding planes and 
soil particles decrease, increasing the potential for landslides (California Division of Mines and 
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Geology, 1997). Using heavy equipment on landslides or areas prone to land sliding can reactivate 
or cause landslides (California Division of Mines and Geology, 1997).  

As noted above, Landscape Constraint 3 restricts the use of heavy equipment on known 
potential or active geologically unstable areas, requiring that operations include specific measures 
to minimize impacts. This constraint would limit prescribed fire and heavy equipment operations on 
unstable areas including areas classified as landslides, headwalls of unstable areas, areas that might 
experience debris slides, etc. Also, Landscape Constraint 4 requires that California Geological Survey 
(CGS) be contacted when a project is proposed on high or very high landslide hazard slopes. CGS has 
performed numerous reviews of CAL FIRE VMP projects, several of which resulted in changes to 
prescribed burn acreage when there was a potential to adversely impact slope stability and public 
safety.  

About 115,000 acres of prescribed fire treatments and 39,000 acres of mechanical treatments 
are expected annually, which is about 0.4% of the total jurisdiction lands statewide. Over 10 years 
42.5 % of all watersheds are never treated and another 42% of all watersheds never wind up with 
more than 10% of the watershed being treated. In the watersheds with 1-10% treated, only half of 
the treatments would be conducted using prescribed fire. Prescribed fire treatments in crown fire 
vegetative types in high relief small watersheds can potentially lead to unacceptable adverse 
consequences to the landscape resulting in debris slides. In addition, mechanical treatments on 
geologically unstable areas such as headwalls, margins of dormant landslides or areas prone to land 
sliding can also lead to adverse consequences to landscapes resulting in debris slides.  

Proposed Program Prescribed Herbivory Treatment Effects to Soils 

Biological control of vegetation using domestic animals could result in some effects to soils. The 
effects would depend on the type of animal used and the intensity and duration of the treatment in 
a particular area. Goats and other browsing animals are used more frequently than cattle for 
prescribed herbivory treatments.  

The action of animal hooves could cause some disturbance, shearing, and compaction of soil, 
increasing its susceptibility to both water and wind erosion. These effects can be severe in heavily 
grazed areas, but may be less so under light and moderate grazing intensities (Trimble and Mendel, 
1995). Severe compaction often reduces the availability of water and air to the roots, sometimes 
reducing plant vitality. Soil organisms can be negatively affected as herbivory causes the loss of 
surface organic matter, soil compaction, and structural habitat alterations. Recovery time from 
grazing-induced compaction is site-dependent, with recovery observed within one year at a site 
with frequent freeze-thaw events and high soil organic matter content (Wheeler et al., 2002). In 
some instances goats and other animals can improve soils by increasing tilling, mixing of organics, 
aeration, nutrient enrichment from droppings, etc. 

Over ten years, only about 200,000 acres would be treated using prescribed herbivory, which is 
about 0.57% of the entire jurisdiction landscape. While the impacts of prescribed herbivory might 
cause some very localized compaction, these impacts are likely to be short lived. As a result, the 
consequences of prescribed herbivory are not expected to cause an adverse change in soil 
productivity. 
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Proposed Program Effects and Goals 

The Proposed Program would help to reduce the detrimental environmental effects of wildfire 
to watersheds and thus to soil resources (Goal 6) by helping reduce fire severity across the 
landscape, particularly in watersheds where 35% or more of the watershed is treated which helps to 
reduce wildfire extent and severity.  

Herbicide Effects to Soils 

The consequences of treating vegetation with herbicides and the potential for these treatments 
to cause adverse consequences to soils and geology are described in Section 5.17. 

Consequences to Soils and Geology From Implementing Alternatives to the Program 

Alternative 2 would likely have consequences similar to those from the Program, as they treat 
the landscape using approximately the same number of acres of treatments by treatment type, by 
bioregion, as the Program. As a result, the effects to soils and geology from implementing 
Alternative 2 would be approximately the same as the Program. Thus, there could potentially be 
adverse consequences to soil productivity from prescribed fire and from mechanical treatments due 
to soil erosion, increased water repellency and soil compaction. There could also potentially be 
adverse consequences to the landscape from debris slides associated with prescribed fire or 
mechanical treatments on unstable slopes.  

Implementation of Alternative 3 would likely cause fewer impacts to soils and geology than the 
Program, because Landscape Constraint 6 would be implemented, which limits mechanical and 
prescribed fire treatments to locations where the resulting post-treatment erosion hazard rating is 
either low or moderate and would limit treatments in watersheds designated as high priority by the 
EPA. The effect of this additional landscape constraint is expected to drastically reduce the number 
of acres that could be mechanically treated statewide, from about 10 million acres to 4 million 
acres. However, the same number of acres of mechanical and prescribed fire treatments would take 
place annually as under the Proposed Program. As a result, the location of treatments would be 
limited to low and moderate erosion hazard lands even while the annual number of acres treated 
and the types of treatments applied would be similar to the Proposed Program. Adverse 
consequences to soil productivity due to soil erosion and soil compaction from prescribed fire and 
mechanical treatments would be expected to be less than the Proposed Program because 
treatments would likely take place on gentler slopes – slope being an important component in 
erosion hazard ratings. Implementation of Alternative 3 might result in fewer acres of prescribed 
fire being applied to steep land in crown fire ecosystems since these areas have a greater chance to 
exceed the low to moderate erosion hazard, post-treatment threshold. 

Implementation of Alternative 1, the status quo, would only treat about 47,000 acres annually 
compared to 216,910 acres of annual treatments under the Proposed Program. Since the mix of 
treatments is about the same as the Proposed Program, the expected consequences from any 
particular treatment are expected to be similar at the project level as the Proposed Program. 
Treatments under Alternative 1 are implemented under procedures contained in environmental and 
procedural documents described in Chapter 1, which helps ensure that treatments do not create 
adverse effects to soils and geology.  
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Implementation of Alternative 4 would have substantially different consequences than the 
Proposed Program. Substantially fewer acres would be treated with prescribed fire (approximately 
7,000 acres) compared to the 115,000 acres in the Proposed Program. Mechanical treatments 
would also be substantially reduced compared to the Proposed Program treating only about 23,250 
acres annually compared to the approximately 39,000 acres treated annually by the Proposed 
Program. Treatment effects under Alternative 4 would be similar to the Proposed Program for 
specific treatments applied to surface/mixed and crown fire ecosystems. Thus, there is a potential 
for treatments to create soil erosion and soil compaction which could result in adverse effects to 
soil productivity, however these effects would generally be nearly two orders of magnitude less for 
prescribed fire treatments and substantially less for mechanical treatments, compared to the 
Proposed Program. On the other hand, since Alternative 4 treats so few acres, a larger number of 
acres burn at high severity due to wildfire than under the other alternatives, as a result, the overall 
combination of treatment effects and wildfire effects is expected to be similar to the Proposed 
Program.  

Implementation of Alternative 2 would meet Goal 6 at approximately the same rate and to the 
same extent as the Proposed Program. Alternative 3 would initially meet Goal 6 at approximately 
the same rate and to the same extent as the Proposed Program. However over the long term, 
Alternative 3 only treats about 13.7 million acres with prescribed fire and mechanical treatments 
which is only about 40% of the acres that would be treated under the Program, thus, Alternative 3, 
over the long term, would not meet Goal 6 as effectively as the Proposed Program. Alternative 1 
would not meet Goal 6 at the same rate or to the same extent as the Proposed Program since it 
would treat so few acres and substantially more acres would likely burn at high intensity due to 
wildfires. Alternative 4, like Alternative 1, would not meet Goal 6 at the same rate or to the same 
extent as the Proposed Program since it would treat so few acres and substantially more acres 
would likely burn at high intensity.  

5.15.5   Bioregion Specific Direct Effects of Implementing the Program/ Alternatives 
Based on FRAP data (see Table 5.15.1) about 12% of treatments over five years might result in a 

soil erosion hazard rating of high after treatment. However, several bioregions have a higher 
proportion of treatments that might be high, including the North Coast Bioregion where 23% of 
treatments have potential to be rated high for post-treatment erosion hazard, followed by the 
South Coast and Bay Delta Bioregions where 19% of all treatments could result in a high rating, the 
Central Coast with nearly 14% of all acres treated estimated at high after treatment and the Sierra 
Bioregion where 11% of all treatments might be rated high after treatment. As a result, there is a 
potential for adverse effects to soil productivity from treatments under the Program and 
Alternatives resulting in erosion on soils having a high erosion hazard immediately after treatment.  

Several bioregions including the North Coast, South Coast, Central Coast, Sierra and Bay Delta 
have landscapes where adverse treatment effects could potentially represent a large proportion of 
the landscape compared to the other bioregions. The South Coast and the Sierra both contain large 
areas of coarse textured soils where water repellency from prescribed fire treatments could create 
adverse soil erosion and productivity effects, compared to the other bioregions. As Table 5.15.1 
notes, rainfall intensities for the North Coast, Bay Delta, South Coast and Central Coast are much 
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higher than for the other bioregions. Higher intensity rainfall events are linked with both soil 
erosion and with debris sliding (e.g. see Cannon, 2001). 

Virtually the same bioregions with high rainfall intensities also have a much higher proportion 
of their landscape in steep slopes, as categorized by Technical Rule Addendum 1 (CAL FIRE, 1990). 
The North Coast bioregion has the most steep (71%+) ground followed by the Central Coast, Sierra, 
Bay Delta and the South Coast. The other bioregions have substantially less acreage, proportionally, 
of steep slopes. Steeper ground can lead to more erosion and a higher likelihood of debris sliding, 
particularly for projects on slopes exceeding 65%, which is the average angle of repose for most 
soils in the State of California. All else being equal, a project with high residual ground cover 
remaining after treatment would likely be rated as either low or moderate when on gentle (5-15%) 
slopes but could “jump” more than one erosion hazard class or to extreme, if the project were on 
71%+ slopes. As noted above, bioregions with coarse soils such as decomposed granitics, and which 
are easily detachable (due to raindrop splash) are common in the Sierra and South Coast Bioregions. 
For these bioregions in particular, and for all projects in general which occur on steep (71%+) slopes 
and coarse textured soils, there is a potential for adverse effects to both soil productivity and to the 
landscape through potential soil erosion and debris sliding related to vegetation treatments.  

Soils in bioregions with a high proportion of crown fire vegetation types, such as the South 
Coast, are particularly at risk given the relatively high rainfall intensities, steep slopes and amount of 
vegetation in crown fire types. For this bioregion in particular, and for all projects in general which 
occur in crown fire ecosystems and on coarse textured soils, there is a potential for adverse effects 
to both soil productivity and the landscape through potential soil erosion, creation of water 
repellency and debris sliding, respectively. 

5.15.6   Indirect Effects of Implementing the Program/Alternatives 
There are potential indirect effects to water quality and to vegetation through implementation 

of the Proposed Program. Water quality could be impaired due to excessive soil erosion and due to 
debris slides from burned project areas or from mechanical treatments on geologically unstable 
areas, which activate unstable features. There are also potential indirect effects to water quality 
from treatments that result in both the creation of water repellency due to overly hot soil 
temperatures from prescribed fire and from the creation of compacted soils due to either 
prescribed fire or from mechanical treatments. There could also be indirect effects to aquatic 
species if water quality is degraded due to soil erosion. 

There are also potential indirect effects to vegetation due to degradation of soil productivity 
resulting from treatments. Compaction of soil, reduction of soil biota and/or reduction of soil 
nutrients on treated areas could lead to an adverse effect on soil productivity, which could indirectly 
lead to a reduction in vegetation growth and further to a decline in the health of vegetation. These 
indirect effects to vegetation could also have indirect, long-term effects on wildlife that depend on 
vegetation. 

5.15.7   Determination of Significance 
Implementation of the Proposed Program could result in increasing the erosion hazard rating by 

more than one class or to extreme and create a substantial adverse effect to soil condition, topsoil 
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or to soil productivity (the threshold of significance) through effects such as an adverse increase in 
soil erosion or the creation of a water repellent layer. These potentially substantial adverse effects 
will have a less than significant impact as a result of implementation of Mitigation Measures 5.15- 1, 
2, 9, 11, 12 and 13. A detailed description of the potentially substantial adverse effects of soil 
erosion is found in Section 5.15.4 at the end of each subsection. 

Implementation of the Proposed Program could result in lowering soil site class by more than 
one category (the threshold of significance) and create a substantial adverse effect to soil 
productivity through effects such as an increase in soil bulk density (compaction), a decline in soil 
biota or nutrient status, or the creation of a water repellent layer. These potentially substantial 
adverse effects will have a less than significant impact as a result of implementation of mitigation 
measures 5.15-3, 4, 5, 6 and 7. (A detailed description of the potentially substantial effects to soil 
productivity that require mitigation is found in Section 5.15.4 at the end of each subsection.) 

Implementation of the Proposed Program could result in the landslide hazard rating of a 
geologic unit to change more than one class or change to extreme (the threshold of significance) 
which could expose people or structures to the risk of loss, injury, or death involving landslides 
which would be a substantial adverse effect on the landscape due to treatments which cause an 
adverse increase in debris slide potential or create a water repellent layer. These potentially 
substantial adverse effects will have a less than significant impact as a result of implementation of 
Mitigation Measures 5.15- 8 and 10. A detailed description of the potentially substantial adverse 
effects to soil productivity is found in Section 5.15.4 at the end of each subsection. 

5.15.8   Similar Effects Described Elsewhere 
The effects of Program implementation associated with soil erosion as they relate to water 

quality are described in detail in Section 5.7.  

5.15.9   Mitigation Measures for the Proposed Project 
Adopt Mitigation Measures 5.15-1 through 5.15-13 to help ensure that adverse effects to soil 

productivity and to the landscape remain below significant. Mitigation measures 5.15-1 through 
5.15-6 are based on Powers (1998), which are based on threshold values adopted by the USDA 
Forest Service (see Powers, 1998, pages 64-66).  

Mitigation Measure 5.15-1. The operational area shall not have detrimental (see description below) 
conditions on more than 15% of the area. Detrimental soil conditions occur when any of the 
following are found within the operational area of the project: 

1. Trail used by harvester, forwarder, skidder, bulldozer, etc. 
2. Wheel ruts or tracks are >10 cm deep 
3. Forest floor is missing/partially intact 
4. Trails have a high level of soil compaction 
5. Evidence of mineral soil displacement from tractor trails 
6. Mineral soil displacement from area between skid tractor trails 
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Mitigation Measure 5.15-2. Mechanical equipment and prescribed fire shall be limited so soil cover 
on treated areas will exceed 30-50% of the operational area the first year and 50-70% the second 
year.  
 
Mitigation Measure 5.15-3. Mechanical equipment and prescribed fire shall be limited so soil 
organic matter will cover more than 50% of the operational area, post-treatment. 
 
Mitigation Measure 5.15-4. Mechanical equipment and prescribed fire shall be limited so soil bulk 
density (compaction) does not exceed 15% over natural conditions. 
 
Mitigation Measure 5.15-5. Mechanical equipment and prescribed fire shall be limited so that after 
treatment there is still at least ½ of the natural litter layer. 
 
Mitigation Measure 5.15-6. Mechanical equipment and prescribed fire shall be limited so that 
displacement of humus does not exceed 15% of the soil organic matter under natural conditions. 
 
Mitigation Measure 5.15-7. Mechanical equipment shall not be used on wet or saturated soils. The 
use of heavy equipment for mechanical treatment shall be limited to periods when there has been 
no significant (i.e., one inch or more) rainfall within the previous week.  
 
Mitigation Measure 5.15-8. Prescribed burning shall not occur on active landslides. On dormant 
landslides or areas with high landslide potential, canopy cover provided by woody vegetation shall 
exceed 50% cover following treatment. Vegetation shall not be removed from the headwalls or 
margins of dormant landslides  
 
Mitigation Measure 5.15-9. Sufficient soil cover shall be maintained to control accelerated erosion 
and protect soil productivity. Maintaining sufficient soil cover will reduce the effects of prescribed 
burns on soil erosion and productivity. Guidelines for minimum soil cover for different vegetation 
types, soil textures, and erosion hazard ratings are described in Table 4-2, page 4-20 of the Klamath 
National Forest Land and Resource Management Plan (USDA Forest Service, 2010) and on 
professional judgment.  
 
Mitigation Measure 5.15-10. Heavy equipment shall not operate on geologically unstable areas 
except as prescribed below. No heavy equipment will be operated on active landslides, the 
headwalls or margins of dormant landslides, or areas with high geologic hazard, except on existing 
stable roads within such areas. If it is not feasible to completely avoid treatment actions on 
identified geologically unstable areas with high hazard potential, then a licensed geologist shall be 
consulted to develop appropriate additional mitigation measures.  
 
Mitigation Measure 5.15-11. Mechanical treatments shall not be implemented perpendicular to 
contours on areas with high or extreme erosion hazard ratings. Mechanical treatment of vegetation 
shall be limited to work along topographic contours on areas with a high erosion hazard rating in 
order to reduce soil disturbance and erosion. Where mechanical clearing is aligned along the slope 
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on highly erodible soils, soil disturbance shall be limited by restricting the hillslope length of cleared 
areas and interspersing cleared areas with untreated buffers.  
 
Mitigation Measure 5.15-12. No mechanical treatment that removes/uproots the roots of 
vegetation shall be conducted on areas with a very high or extreme erosion hazard rating. 
 
Mitigation Measure 5.15-13. No more than 25% of the original woody vegetative stems shall be 
uprooted every two years within project areas with moderate or higher erosion hazard ratings. 0 
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5.16 Effects Associated With Hazardous Materials 

This section primarily relates to the use, transportation, storage, and disposal of hazardous 
materials that are likely to result from the Proposed Program or the Alternatives. The term 
“hazardous material” refers to both hazardous substances and wastes. A material is defined as 
hazardous if it appears on a list of hazardous materials prepared by a federal, State, or local 
regulatory agency, or if it has characteristics defined as hazardous by such an agency. Two other 
types of materials that are regulated separately from hazardous chemicals and materials are 
biohazardous materials (i.e., that contain biological material capable of causing disease in humans) 
and radioactive materials (i.e., that spontaneously emit ionizing radiation). Neither of these two 
types of materials will be generated by the Proposed Program or the Alternatives, so will not be 
analyzed. 

Herbicides may be categorized as hazardous materials. However, only the transport and storage 
of herbicides are analyzed in this chapter. The use and disposal of herbicides and their adjuvants 
and diluents and the fate of their degradates are analyzed separately in Section 5.17, Effects of 
Program/Alternative Implementation Associated With Herbicides. 

The primary hazard(s) not related to accidental chemical contamination include injury, loss, or 
death from escape of prescribed fire, and/or exposure to hazardous materials generated from 
combustion of non-target substances (e.g., burning buildings). 

5.16.1   Significance Criteria 
Based on Appendix G of the CEQA Guidelines, an impact would be considered significant if the 

Proposed Program and Alternatives would: 

a) Create a hazard to the public or the environment through the routine transport, use, or 
disposal of hazardous materials. 

b) Create a hazard to the public or the environment through reasonably foreseeable upset 
and accident conditions involving the release of hazardous materials into the 
environment. 

c) Create hazardous emissions, or handle hazardous or acutely hazardous materials, 
substances, or waste within one-quarter mile of sensitive receptors (see Glossary for 
definition, includes for example existing or proposed schools, hospitals, assisted living 
facilities, etc.). 

d) Expose people or structures to the risk of loss, injury or death involving escape of 
prescribed fires, including where wildlands are adjacent to urbanized areas or where 
residences are intermixed with wildlands. 

e) Create a public nuisance. 

5.16.2   Determination Threshold 
For the purposes of the following evaluation, impacts from the Proposed Program or the 

Alternatives are considered “significant” within an appropriate time frame and ecological context if 
they cause relatively high magnitude, persistent, or permanent changes to: 
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a) Population size, distribution, viability, or recovery potential of a special status species. 
b) Levels of water contaminants above the limits established by Regional Water Quality Control 

Boards. 
c) Conflicts with local, State, or federal biological resource protection plans, policies, and 

regulations. 
d) The health or safety of workers associated with the implementation of manual, mechanical, 

or chemical treatment measures. 
e) Public health or safety of sensitive subpopulations (existing or proposed schools, hospitals, 

assisted living facilities, etc.) through the routine transport or storage of hazardous 
materials. 

f) Workers or the public through reasonably foreseeable upset and accident conditions 
involving the release of hazardous materials. 

5.16.3   Data and Assumptions 
Section 4.16 contains a description of the types of fire retardant chemicals proposed for use in 

the VTP. Section 5.17 contains a list of the herbicides proposed for use in the VTP and associated 
risks.   

Landscape Constraints 1, 2, 3 and 5 and Minimum Management Requirements 1, 2, 3 5, 6, and 
14 specifically apply to Hazards and Hazardous Materials. 

5.16.4   Direct Effects Common to all Bioregions From Implementing the    
Program/Alternatives  

Table 5.16.1 summarizes the information from the balance of this subchapter on the effects of 
implementing the Program across the state by bioregion in terms of wildfire intensity and 
frequency. In this case, a significant effect is one where implementation of the Proposed Program or 
one of the Alternatives caused relatively high magnitude, persistent, or permanent changes to 
special status species, water quality, worker health and safety, public health and safety, etc. (see 
Determination Thresholds above). 
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Table 5.16.1 
Summary of Effects 1/ on Hazards and Hazardous Materials from 
Implementing the Proposed Program 

Bioregion Prescribed 
Fire Mechanical Hand Herbivory 

Klamath/North 
Coast 

NA NA NA NA 

Modoc NA NA NA NA 
Sacramento Valley NA NA NA NA 
Sierra NA NA NA NA 
Bay Area NA NA NA NA 
San Joaquin NA NA NA NA 
Central Coast NA NA NA NA 
Mojave NA NA NA NA 
South Coast NA NA NA NA 
Colorado Desert NA NA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, 
abundance or number of; or are outside the natural range of variability, for the resource at issue. Beneficial 
effects are those effects that improve the diversity, structure, size, integrity, abundance or number of; or 
are within the natural range of variability, for the resource at issue. SA/SB – significant adverse effects are 
those effects that are substantial, highly noticeable, at the watershed scale; and often irreversible. MA/MB - 
moderately adverse or beneficial effects - those effects that can be detected beyond the affected area, but 
are transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects that are 
imperceptible or undetectable. 

 
Herbicide transport and storage 

The primary hazard posed by transport and storage of herbicides and their adjuvants in VTP 
projects is contamination of surface and ground water. Contaminated water could then impact 
organisms dependent on the water supply, including plants, animals and humans. Accidental 
discharges/spills of these hazardous fluids during transport or storage are a possibility on every 
project where they are used. Large (>1,320 gallons), permanent storage containers will not be used 
on any VTP project, due to the remote nature of the projects. 

Heavy machinery fuel, lubricants, coolants, etc. 
The primary hazard posed by fuels and chemicals used on machinery in VTP projects is 

contamination of surface and ground water. Contaminated water could then impact organisms 
dependent on the water supply, including plants, animals and humans. Accidental discharges/spills 
of these hazardous fluids are the primary mechanism for introducing them into the environment 
and are a possibility on every project where hazardous materials are used. None of the VTP 
treatment types use or discharge hazardous materials as a means of treating vegetation, except 
herbicides, which are discussed in Section 5.17. Large (>1,320 gallons), permanent storage 
containers will not be used on any VTP project, due to the remote nature of the projects. 

Fire retardants 
The types of fire retardants used during VTP prescribed fire projects as well as those used 

during emergency suppression are described in Chapter 4. The primary threat posed by fire 
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retardants is contamination of surface waters and subsequent impacts to aquatic organisms. Fire 
retardant chemicals such as ammonium polyphosphate and ammonium sulfate are especially 
harmful to aquatic organisms, particularly salmonids (USDI BLM, 2005; CAL FIRE, 2007). Fire 
retardant foams are typically more harmful than other fire retardant chemical forms (USDI BLM, 
2005).  

CAL FIRE only uses fire retardant chemicals that have been tested and approved by the US 
Forest Service. The US Forest Service has set up a material testing laboratory specifically designed to 
test the impacts of fire retardants on ecological and human health. The laboratory is called the 
Wildland Fire Chemical Systems (WFCS) laboratory, which conducts tests in compliance with 
standards established by the Environmental Protection Agency (EPA) and the American Society for 
Testing and Materials (ASTM). Chemicals that are shown to have acceptably low risks are added to 
an approved list, the Qualified Products List (QPL). CAL FIRE only purchases fire retardants included 
on the QPL. 

Tests conducted for the WFCS by Labat-Anderson, Inc. in 1994 and 1996 concluded that impacts 
to terrestrial and aquatic organisms due to exposure to fire retardants under normal use were 
minimal after mitigations. The mitigations included measures to avoid introduction of fire retardant 
chemicals into water bodies (CAL FIRE, 2007). Studies conducted by Labat-Anderson, Inc. in 2003 
found that risks to human health were minimal for burn crews due to use of protective personal 
equipment (PPE). There was a higher risk for adult and children citizens not wearing PPE that were 
exposed to fire retardants. However, there is a very low risk of exposing citizens to fire retardants 
during prescribed fire activities- because access to treatment sites can be closely controlled (CAL 
FIRE, 2007). 

Escaped prescribed fires 
A recent federal review of prescribed burns for the period 1996-2004 indicated that 99% of 

prescribed burns were “successful”, which means that they did not escape (Dether, 1995). The four 
federal agencies reviewed were the Forest Service, US Fish and Wildlife Service, Bureau of Land 
Management and National Park Service. These federal agencies conduct 4,000 to 5,000 prescribed 
burns annually, of which 40 to 50 escape or have near miss (minor but controlled escape) incidents.  

It is assumed that prescribed fires within the VTP will have a similar success rate of 
approximately 99%. Thus for the Proposed Program, which will implement approximately 400 
prescribed fire projects each year (Table 5.0.1), it can be expected that approximately 4 will escape 
or have a near miss incident each year.   

The main effects of an escaped burn include one or more of the following (CAL FIRE, 1981): 

• Burn more area than planned, i.e. more of a watershed, and burn at a higher intensity 
than planned. 

• Burn improvements such as homes, barns, fences, or crops. 
• Cause arcing of powerlines. 
• Require additional resources for suppression. 
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Due to the unplanned and accidental nature of escaped burns it is not possible to prevent them 
entirely. All reasonable measures to prevent escapes are standard practice and are incorporated in 
the prescribed fire burn plans.  

Alternatives 2 and 3 propose to burn slightly more acres per year (~24 more projects per year), 
Alternatives 1 and 4 propose far fewer acres of prescribed burns. Thus the number of escaped 
prescribed fires could be slightly higher for Alternatives 2 and 3 compared to the proposed program, 
and far fewer for Alternatives 1 and 4. 

For Alternative 1 effects due to hazards and hazardous materials are likely to be lower than the 
proposed program because the acreage treated is much lower. For Alternative 2 there will not be 
any potential effects due to herbicide transport or storage as use of herbicides is not included in this 
Alternative (including up to 1 year prior to initiation of the project and up to 3 years after 
completion of the project). Effects from the Proposed Program are equivalent for Alternative 3 due 
to similarity in treatment types and acreage treated. The frequency of escaped prescribed burns is 
likely to be lower for Alternative 4 because the acreage treated with this treatment type is lower 
than for the Proposed Program. 

5.16.5   Bioregion-Specific Direct Effects of Implementing the Program/ Alternatives 
Effects are expected to be similar across bioregions. 

5.16.6   Determination of Significance 
MMRs 1 and 5 and 6 and Mitigation Measures 5.16-5 through 7 and 5.16-9 are considered 

sufficient to prevent significant impacts to sensitive species or significant contamination of surface 
or ground water due to spills or accidental discharges of hazardous materials. Compliance with all 
Federal and State laws, codes, and regulations will minimize to less than significant levels any 
potential impact that may result from the transport, storage, handling, and disposal of the 
hazardous materials. 

Escapement of prescribed burns is rare but cannot be avoided. However, implementation of 
Mitigation Measures 5.16-1 through 3 will allow for containment of most burns at a small size, 
rehabilitation of burned areas, and compensation of landowners for damages.  

If fire retardants are kept away from watercourses (Mitigation Measure 5.16-4) the likelihood 
of contamination of the water column is extremely low and should avoid significant impacts to 
aquatic organisms. 

The potential impacts from hazards and release of hazardous materials will not have a 
significant adverse impact on the following items due to the infrequency of their occurrence, 
avoidance measures incorporated into the VTP program, CAL FIRE internal policies, and the 
proposed mitigations: 

a) Population size, distribution, viability, or recovery potential of a special status species. 
b) Water quality contamination above the limits established by Regional Water Quality 

Control Boards. 
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c) Conflicts with local, State, or Federal biological resource protection plans, policies, and 
regulations. 

d) The health or safety of workers associated with the implementation of manual, 
mechanical, or chemical treatment measures. 

e) Public health or safety of sensitive subpopulations (e.g., schools, hospitals) through the 
routine transport or storage of hazardous materials. 

f) Workers or the public through reasonably foreseeable upset and accident conditions 
involving the release of hazardous materials. 

5.16.7   Similar Effects Described Elsewhere 
Although effects from exposure to chemicals as well as potential pollution of air or water, 

related to implementation of the Proposed Program and alternatives, are described elsewhere in 
this document, this chapter is unique in considering effects of unplanned/accidental generation of 
hazards and hazardous materials indirectly related to program/alternative implementation. 

5.16.8   Mitigation Measures for the Proposed Project 
Mitigation Measure 5.16-1: Rehabilitation Measures. Rehabilitation measures, including 
revegetation and erosion control, shall be implemented when prescribed fires escape the project 
boundaries or burn at higher intensity than was planned. 
 
Mitigation Measure 5.16-2: Landowner Compensation.  Landowners that experience financial 
impacts due to escaped fires such as damage to agricultural crops, livestock, or structures shall be 
compensated based on appraised value of such losses by maintaining an insurance policy on each 
prescribed burn project for a minimum of five million dollars through the state insurance office. 
 
Mitigation Measure 5.16-3: Emergency Fire Suppression.  Emergency fire suppression equipment 
and personnel shall be made available as necessary to suppress escaped burns at the smallest 
practicable size. Prescribed fire projects shall not be allowed to proceed unless adequate backup 
fire suppression forces are available in the vicinity to respond as necessary. 
 
Mitigation Measure 5.16-4: Restriction of Fire Retardants near Watercourses.  Application of 
ground-applied fire retardants shall not occur within 100 feet of Class I or II watercourses and 50 
feet of Class III watercourses.   
 
Mitigation Measure 5.16-5: Equipment Maintenance.  Project personnel shall regularly inspect and 
maintain hydraulic and fuel hoses on equipment so as to prevent leaks or breaks. 
 
Mitigation Measure 5.16-6: On-site Spill Response Kits.  An on-site spill response kit capable of 
cleaning up five gallons or more of fuel, hydraulic oil, or other fluids where grease, oil, fuel or other 
similar materials could pass into lakes or watercourses shall be maintained on site. 
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Mitigation Measure 5.16-7: Project Personnel on On-site.  Project personnel will never leave the 
area while equipment is being fueled. 
 
Mitigation Measure 5.16-8: Hazardous Materials near Sensitive Receptor Sites.  No hazardous 
emissions will occur nor shall hazardous or acutely hazardous materials, substances, or waste be 
handled within one-quarter mile of sensitive receptors.  
 
Mitigation Measure 5.16-9: Notification of Spills.  CAL FIRE shall immediately notify the 
Department of Fish and Game and Regional Water Quality Control Board when accidental 
contamination has occurred that may result in harm to fish or wildlife. 
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5.17 Herbicides – Affected Environment 

This section addresses the potential human health and ecological effects from the chemicals 
that are likely to be used for vegetation treatments due to implementing the Proposed Program and 
Alternatives. The analysis that follows addresses the use and disposal of borax and herbicides and 
some of their adjuvants, metabolites, and degradates. The transport and storage of chemicals are 
analyzed in Section 5.16. 

The information presented in this section can be used to evaluate the Proposed Program and 
Alternatives in terms of the direct effects of chemical use to humans and other lifeforms (Section 
5.17.2) and the indirect effects associated with impacts on the environment (Section 5.17.3). These 
effects are summarized in Section 5.17.9. Additional aspects of chemical use that are considered 
include uncertainties and unknowns relating to chemical use (Section 5.17.4), how the use of 
chemicals relates to overall program goals (Section 5.17.5), potential effects of off-program 
chemical treatments (Section 5.17.6), disposal of chemicals (Section 5.17.7), approval of future 
chemicals (Section 5.17.8), significance determination (Section 5.17.10), and mitigation measures 
relating to herbicide use (Section 5.17.11). 

Pertinent information to aid in understanding the chemicals that are likely to be used for 
control of vegetation is included in Appendix C - Herbicide Descriptions, Appendix D - Adjuvants, 
Appendix E - How to Read a Pesticide Label, Appendix F - 2,4-D Label, Appendix G - 2,4-D Material 
Safety Data Sheet, and Appendix H - Guidelines for Herbicide Use. 

The following outline will aid in reviewing this section: 
5.17.   Herbicides – Affected Environment (p. 1) 
5.17.1.   Chemical Use Considerations for the Proposed Program and Alternatives (p. 3) 

5.17.1.1.   Significance Criteria (p. 3) 
5.17.1.2.   Determination Threshold (p. 4) 
5.17.1.3.   Data and Assumptions (p. 4) 
5.17.1.4.   Regulatory and Policy Restrictions on the Use of Chemicals (p. 6) 
5.17.1.5.   Applicable Landscape Constraints and Minimum Management Requirements (p. 6) 
5.17.1.6.   Chemicals Analyzed (p. 9) 
5.17.1.7.   Area Potentially Treated by Chemicals (p. 11) 
5.17.1.8.   Timing of Chemical Treatments (p. 20) 
5.17.1.9.   Applicability of Existing Risk Assessments (p. 20) 
5.17.1.10.   Chemical Application Rates (p. 24) 
5.17.1.11.   Chemical Properties and Mobility (p. 26) 

5.17.2.   Direct Effects from Implementing the Proposed Program and Alternatives (p. 33) 
5.17.2.1.   Human Health Risk Assessment (p. 33) 

5.17.2.1.1.   Introduction (p. 33) 
5.17.2.1.2.   Hazard Identification (p. 35 

5.17.2.1.2.1.   Form Equivalency (p. 36) 
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5.17.2.1.2.2.   Acute Toxicity (p. 36) 
5.17.2.1.2.3.   Subchronic and Chronic Toxicity (p. 48) 
5.17.2.1.2.4.   Reproductive and Developmental Effects (p. 57) 
5.17.2.1.2.5.   Carcinogenic and Mutagenic Effects (p. 59) 
5.17.2.1.2.6.   Effects on Nervous System (p. 61) 
5.17.2.1.2.7.   Effects on Immune System (p. 62) 
5.17.2.1.2.8.   Effects on Endocrine System (p. 62) 
5.17.2.1.2.9.   Metabolites and Impurities (p. 66) 

5.17.2.1.3.   Exposure Assessment (p. 73) 
5.17.2.1.3.1.   Chemical Exposure (p. 73) 

5.17.2.1.3.1.1.   Workers (p. 74) 
5.17.2.1.3.1.2.   General Public (p. 76) 

5.17.2.1.3.2.   Chemical Dose Assessments (p. 79) 
5.17.2.1.4.   Dose-Response Assessment (p. 86) 
5.17.2.1.5.   Risk Characterization (p. 90) 

5.17.2.2.   Ecological Effects (p. 103) 
5.17.2.2.1.   Introduction (p. 103) 
5.17.2.2.2.   Hazard (Toxicity) Identification (p. 104) 

5.17.2.2.2.1.   Introduction (p. 104) 
5.17.2.2.2.2.   Terrestrial Organisms (p. 105) 
5.17.2.2.2.3.   Aquatic Organisms (p. 109) 
5.17.2.2.2.4.   Chemical-Specific Hazard (Toxicity) Identification (p. 114) 

5.17.2.2.3.   Exposure Assessment (p. 147) 
5.17.2.2.3.1.   Introduction (p. 147) 
5.17.2.2.3.2.   Terrestrial Organisms (p. 148) 

5.17.2.2.3.2.1.   Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
(p. 150) 

5.17.2.2.3.2.2.   Terrestrial Invertebrates (p. 152) 
5.17.2.2.3.2.3.   Terrestrial Plants (p. 153) 

5.17.2.2.3.3.   Aquatic Organisms (p. 156) 
5.17.2.2.3.4.   Chemical-Specific Exposure Assessments (p. 156) 

5.17.2.2.4.   Dose-Response Assessment (p. 185) 
5.17.2.2.4.1   Terrestrial Organisms (p. 188) 
5.17.2.2.4.2   Aquatic Organisms (p. 190) 
5.17.2.2.4.3   Chemical-Specific Dose-Response Assessment (p. 191) 

5.17.2.2.4.   Risk Characterization (p. 227) 
5.17.2.2.4.1.   Introduction (p. 227)  
5.17.2.2.4.2.   Chemical-Specific Risk Characterization (p. 229) 
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5.17.3.   Indirect Effects from Implementing the Proposed Program and Alternatives (p. 276) 
5.17.3.1.    Environmental Effects (p. 277) 

5.17.3.1.1.   Wildlife (p. 277) 
5.17.3.1.2.   Vegetation (p. 277) 
5.17.3.1.3.   Invasive Non-Native Plants (p. 278) 
5.17.3.1.4.   Air Quality (p. 278) 
5.17.3.1.5.   Water Quality (p. 285) 
5.17.3.1.6.   Recreation (p. 286) 
5.17.3.1.7.   Geology & Soils (p. 286) 

5.17.4.   Uncertainties and Unknowns (p. 287) 
5.17.5.   Effects in Relation to Proposed Program Goals (p. 289) 
5.17.6.   Effects from Off-program Herbicide Treatments (p. 289) 
5.17.7.   Disposal of Chemicals (p. 290) 
5.17.8.   Approval Process for Future Chemicals (p. 291) 
5.17.9.   Summary of Effects (p. 291) 

5.17.9.1.   Human Health Effects (p. 291) 
5.17.9.1.1.   Overview (p. 291) 
5.17.9.1.2.   Chemical-Specific Effects to Workers and the Public (p. 294) 
5.17.9.1.3.   Chemical-Specific Effects to Sensitive Subgroups, Connected Actions, and 

Cumulative Effects (p. 302) 
5.17.9.2.   Ecological Effects (p. 307) 
5.17.9.3.   Summary (p. 311) 

5.17.10.   Significance Determination (p. 312) 
5.17.11.   Mitigation Measures (p. 313) 

5.17.1   Chemical Use Considerations for the Proposed Program and Alternatives 
This section evaluates significance criteria (Section 5.17.1.1), determination thresholds (Section 

5.17.1.2), data and assumptions (Section 5.17.1.3), regulatory and policy restrictions (Section 
5.17.1.4), applicable landscape constraints and minimum management requirements (Section 
5.17.1.5), chemicals analyzed (Section 5.17.1.6), area potentially treated by chemicals (Section 
5.17.1.7), timing of chemical treatments (Section 5.17.1.8), applicability of other risk assessments 
(Section 5.17.1.9), chemical application rates (Section 5.17.1.10), and chemical properties and 
mobility (Section 5.17.1.11). 

5.17.1.1    Significance Criteria 
Based on Appendix G of the CEQA Guidelines, an impact from chemicals would be considered 

significant if the Proposed Program and the Alternatives would: 

a)  Create a hazard to the public or the environment through the routine use or 
disposal of borax and herbicides and their adjuvants or the metabolites and 
degradates thereof. 
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c)  Have hazardous emissions or release hazardous or acutely hazardous materials, 
substances, or waste within one-quarter mile of an existing or proposed school. 

Additional significance criteria are as follow: 

d)  Exceed an applicable program EIR Standard of Significance on properties that may 
have identified a biological standard that is different from or exceeds the state 
standards. 

e)  Otherwise degrade the biotic environment. 

5.17.1.2    Determination Threshold 
For the purposes of the following evaluation, impacts from the Proposed Program and the 
Alternatives are considered “significant” within an appropriate time frame and ecological context if 
they cause relatively high magnitude, persistent, or permanent changes to: 

a) Biological resources protected by local, State, or Federal protection plans, policies, and 
regulations. 

b) Population size, distribution, viability, or recovery potential of a special status species. 
c) Water quality that is above the limits established by California Regional Water Quality 

Control Boards. 
d) Air quality that is above the limits established by California Air Quality Management 

Districts or California Air Pollution Control Districts. 
e) Public health or safety of sensitive subpopulations (e.g., hospitals, schools, and workers 

associated with the implementation of chemical treatment measures) through the 
routine use or disposal of borax and herbicides. 

f) Workers, the public, or the environment, through the routine use or disposal of borax 
and herbicides. 

5.17.1.3    Data and Assumptions 
Briefly, potential chemical effects are analyzed in the following manner: 

• Determined regulatory and policy restrictions on the use of chemicals in the Vegetation 
Treatment Program (VTP) through Internet sources, such as the California Department of 
Pesticide Regulation (CDPR), U.S. Environmental Protection Agency (U.S. EPA), and The 
Nature Conservancy (TNC), as well as through discussions with representatives from the 
California Department of Forestry & Fire Protection (CAL FIRE) CDPR, U.S. EPA, California 
Department of Fish and Game (CDFG), and the United States Department of Interior, U.S. 
Fish and Wildlife Service (USDI U.S. FWS). The regulatory framework is presented Chapter 
4 (Section 4.17.2) and Chapter 5 (Sections 5.17.1.4 and 5.17.1.5). 

• Determined the applicable landscape constraints (LCs) and minimum management 
requirements (MMRs) from Chapter 2 (Sections 2.2 and 2.3) and Chapter 3 (Sections 3.2 
and 3.3, as well as, Sections 3.4A & B for Alterative 1, 3.5 A & B for Alternative 2, 3.6 A & B 
for Alternative 3, and 3.7 A & B for Alternative 4). Applicable LCs and MMRs used in the 
ecological effects analysis of the Proposed Program and Alternatives are shown in Table 
5.17.1. 
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• Determined the chemical active ingredients to be analyzed by reviewing CDPR Annual 
Pesticide Use Reports (PURs) from 2001-2010 and a variety of Environmental Impact 
Reports (EIRs) and Environmental Impact Statements (EISs) for projects in California that 
proposed using chemicals and by a selection process involving experts in CAL FIRE, CDFG, 
and USDI U.S. FWS. The chemical active ingredients evaluated for use are discussed below 
in Section 5.17.1.6 and listed in Table 5.17.2. 

• Determined the annual acreage potentially treated by chemicals using a variety of sources, 
including CAL FIRE field personnel, Fire & Resource Assessment Program (FRAP) data, CDPR 
PURs, and internally generated data. The number of acres potentially treated with 
chemicals annually under the Proposed Program and Alternatives were evaluated by 
bioregion, by watersheds within each bioregion, and by Wildlife Habitat Relationship 
(WHR) habitat type within each bioregion for this chapter (Tables 5.17-3, 5.17-4 and 5.17-5 
respectively). Both annual and 10-year projections were made when evaluating acres 
treated by bioregion and by habitat types within bioregions. 

• Determined the likely timing of initial chemical applications and the interval between 
applications from a variety of EIRs and EISs for projects in California, discussions with 
chemical application experts, and from personal experience of a number of CA Registered 
Professional Foresters (RPFs). Chapter 2 (Section 2.5.G) shows the initial treatment 
maintenance intervals used for analysis purposes. Herbicide maintenance intervals are 
discussed below in Section 5.17.1.8 in Timing of Chemical Treatments. 

• Determined the applicability of United States Department of Agriculture, U.S. Forest 
Service (USDA/FS, Forest Service, or USFS) and U.S. EPA Risk Assessments (RAs) to the 
Proposed Program and Alternatives. The applicability of RAs is discussed below in Section 
5.17.1.9 Applicability of Existing Risk Assessments (RAs).  

• Determined the human and environmental toxicity of the analyzed chemicals by reviewing 
the most recent USDA/FS and U.S. EPA RAs, U.S. EPA & CDPR label restrictions and 
Material Safety Data Sheets (MSDSs), and by reviewing a variety of EIRs and EISs for 
projects in California that proposed using chemicals. Scientific papers provided by chemical 
manufacturers and papers listed on Internet websites by groups opposed to chemical use 
were also reviewed. The toxicity of each chemical considered for use is summarized for 
humans and the environment in Sections 5.17.2.1.2 and 5.17.2.2.2, respectively. 

• Assessed the risk of exposure to non-target species and sensitive human receptors to 
significantly harmful doses of VTP chemicals by reviewing the most recent USFS and U.S. 
EPA RAs, U.S. EPA & CDPR label restrictions, and MSDSs, and by reviewing a variety of EIRs 
and EISs for projects in California that proposed using chemicals. Scientific papers provided 
by chemical manufacturers and papers listed on Internet websites by groups opposed to 
chemical use were also reviewed. The risk of exposure to each chemical analyzed is 
discussed in the exposure and the dose-response analyses (Sections 5.17.2.1.3 and 
5.17.2.1.4; 5.17.2.2.3, and 5.17.2.2.4). 

• Characterized the human health risks and environmental effects from the potential use of 
VTP chemicals in the Proposed Program and Alternatives by reviewing the most recent 
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USDA/FS and U.S. EPA RAs, U.S. EPA & CDPR label restrictions and MSDSs, and by 
reviewing a variety of EIRs and EISs for projects in California that proposed using 
chemicals. Scientific papers provided by chemical manufacturers and papers listed on 
Internet websites by groups opposed to chemical use were also reviewed. The risks from 
the use of each chemical analyzed are discussed in the risk characterization sections 
(Sections 5.17.2.1.5 and 5.17.2.2.5). 

• Assessed uncertainties and unknowns regarding the toxicity and potentially adverse effects 
of chemicals by reviewing the most recent USDA/FS and U.S. EPA RAs, U.S. EPA & CDPR 
label restrictions and material safety data sheets, and by reviewing a variety of EIRs and 
EISs for projects in California that proposed using chemicals. Scientific papers provided by 
chemical manufacturers, and papers listed on Internet websites by groups opposed to 
chemical use were also reviewed. Uncertainties and unknowns are discussed below in 
Section 5.17.4 Uncertainties and Unknowns. 

5.17.1.4    Regulatory and Policy Restrictions on the Use of Chemicals 
The laws and regulations constraining the use and disposal of chemicals are discussed in 4.17.2. 

Constraints have also been placed on the use of chemicals in the Proposed Program and 
Alternatives by CAL FIRE policy. These limitations are discussed below in Section 5.17.1.5 Applicable 
Landscape Constraints and Minimum Management Requirements and Section 5.17.1.6 Chemicals 
Analyzed. 

The California Forest Improvement Program (CFIP), a CAL FIRE cost-share program, requires the 
use of a licensed Pest Control Adviser (PCA) to develop recommendations for herbicide use. 
Application of herbicides on lands administered by CDFG is overseen by a staff PCA. Only Qualified 
Applicators treat CDFG lands with herbicide. To a great extent, the same is true for State Park lands 
administered by the California Department of Parks and Recreation. All of these agencies/programs 
have policies governing the use of pesticides. 

5.17.1.5    Applicable Landscape Constraints and Minimum Management Requirements 
The applicability of each of the Landscape Constraints (LCs) and Minimum Management 

Requirements (MMRs) discussed in Chapter 2 (Sections 2 & 3) and Chapter 3 (Sections 2, 3, 4, 5, 6 & 
7) was considered in relation to chemical use and the Proposed Program and Alternatives. Only 
some of the LCs and MMRs discussed in preceding chapters are applicable to controlling vegetation 
by chemical means. In Table 5.17.1, constraints and requirements relevant to chemical use have 
been grouped by the resources they are designed to protect, including general and threatened 
populations of terrestrial and aquatic wildlife, target and non-target plants, and air, water and soil 
quality, and soil microbes. 

Landscape Constraints 1 and 5 will affect wildlife and vegetation equally in regards to chemical 
use for the Proposed Program and Alternative 4. The same LCs are applicable to Alternative 3, 
although additional stipulations were created to further protect water quality. All Watercourse and 
Lake Protection Zones (WLPZs) for Class I and II watercourses will follow the same guidelines as 
projects funded under CFIP. Therefore, Class I watercourses would have a 75 to 150 foot WLPZ and 
Class II watercourses a WLPZ of 50 to 100 feet on each side of the watercourses, rather than a 50 
foot WLPZ for either Class I or II. Chemicals could be used within these buffers, but label restrictions, 



Herbicides - Affected Environment 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 7 

 

court orders, and special status species protection buffers would regulate their use. Additionally, 
chemical use in Class III watercourses will likely be minimal, as most vegetation will be retained to 
trap sediment and protect watercourses from erosion. 

Applicable MMRs for the use of herbicides are the same for the Proposed Program and 
Alternatives 3 & 4. MMR 13 (creating an Integrated Pest Management approach) and 16 (limiting 
herbicide use to no more than 10% of the VTP acreage statewide that is proposed for treatment 
within any single fiscal year) are not applicable to Alternative 1 because there is no intent to change 
the restrictions and management approach of programs that currently exist under the status quo. 
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Table 5.17.1 
Landscape Constraints (LCs) and Minimum Management Requirements (MMRs) [1] Applicable to Chemical Use 

 
 
 

Wildlife Vegetation 
General 
Aquatic T&E Aquatic General 

Terrestrial T&E Terrestrial General Non-
Target T&E Non-Target 

Proposed Program LC 1 1, 5 1 1, 5 1 1, 5 
Alternative 1 [2] LC NA NA NA NA NA NA 
Alternative 2 LC NA NA NA NA NA NA 
Alternative 3 LC 1 1, 5 1 1, 5 1 1, 5 
Alternative 4 LC 1 1, 5 1 1, 5 1 1, 5 

Proposed Program MMR 1 [3], 11-13, 16 1, 5, 11-13, 16 9, 10, 11-13, 16 5, 9-13, 16 9, 10, 11, 12, 13, 
16 

5, 9, 11, 12, 13, 16 

Alternative 1 [2] MMR 1, 11, 12 [4] 1, 5, 11, 12 9, 10, 11, 12 5, 9-11, 12 9, 10, 11, 12 5, 9, 11, 12 

Alternative 2 MMR NA NA NA NA NA NA 
Alternative 3  MMR 1, 11-13, 16 1, 5, 11-13, 16 9, 10, 11-13, 16 5, 9-13, 16 9, 10, 11, 12, 13, 

16 
5, 9, 11, 12, 13, 16 

Alternative 4 MMR 1, 11-13, 16 1, 5, 11-13, 16 9, 10, 11-13, 16 5, 9-13, 16 9, 10, 11, 12, 13, 
16 

5, 9, 11, 12, 13, 16 

 
 Air Quality  Water Quality Soil - Geology Soil - Microbes  Not Applicable   

Proposed Program LC   1 1     
Alternative 1 [2] LC NA NA NA NA NA 
Alternative 2 LC NA NA NA NA ALL 
Alternative 3 LC   1 1   2, 3, 4, 5/6 
Alternative 4 LC   1 1   2, 3, 4 
Proposed Program MMR 3, 11-13, 16 1, 11-13, 16 11-13, 16 11-13, 16 2, 4, 8, 14, 15 
Alternative 1 [2] MMR 3, 11, 12 1, 11, 12 11, 12 11, 12 2, 4, 8, 12-16 
Alternative 2 MMR NA NA NA NA ALL 
Alternative 3 MMR 3, 11-13, 16 1, 11-13, 16 11-13, 16 11-13, 16 2, 4, 8, 14, 15 
Alternative 4 MMR 3, 11-13, 16 1, 11-13, 16 11-13, 16 11-13, 16 2, 4, 8, 14, 15 
NA = None Applicable; [1] For LC and MMR definitions refer to Chapter 2 (Sections 2 & 3) and Chapter 3 (Sections 2, 3, 4, 5, 6 & 7). [2] Alternative 1 herbicide treatments are 
currently restricted to CFIP; [3] Bold = Most substantial effect on chemical treatments;  [4]  MMR #12 relates to court ordered watercourse buffers. 
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5.17.1.6    Chemicals Analyzed 
The chemical active ingredients selected for analysis are those that were most often used 

in forestry and rangeland applications in California from 2001 to 2010, as reported annually in 
the CDPR Pesticide Use Report Database (CDPR N.D.a). Analyses of these active ingredients 
cover the range of potential risks, hazards, unknowns, and uncertainties associated with these 
active ingredients and the product formulations that contain them. Particular products that are 
registered and commonly used in California may be mentioned for example purposes, but 
mention of any trade names is in no way intended by CAL FIRE to be endorsement of or 
promotion for the use of particular pesticide products.  

With the exception of borax, which is a fungicide, and NP9E-based surfactants, the 
chemicals analyzed in this Programmatic Environmental Impact Report (PEIR) are herbicides. 
For the purposes of this analysis, the term herbicide sometimes includes borax. When the term 
“chemical” is used, it generally refers to herbicides, the fungicide borax, and/or NP9E-based 
surfactants. 

By policy decision of CAL FIRE, after consultation with CDFG and U.S. FWS, atrazine and 
atrazine related products were removed from the list of potentially funded chemical active 
ingredients under the Proposed Program and Alternatives and are therefore not analyzed in 
this PEIR. Formulations containing the 2,4-D butoxyethanol ester (BEE) compound were also 
removed from the list of fundable herbicides, due to the limited applications that have occurred 
in recent years (four rangeland and zero forestland applications in 2010) and toxicological 
concerns. It should be noted that atrazine and/or 2,4-D BEE might be used by landowners 
outside of the Proposed Program for initial or maintenance treatments. 

Table 5.17.2 lists the chemicals being proposed for use under the Proposed Program and 
Alternatives. Due to the uncertainty regarding which herbicides might be used, as well as when 
and where the chemicals will be applied, the selection of formulations and adjuvants will be 
made at the project-specific planning level. 

A chemical, such as 2,4-D, often has several forms registered with the U.S. EPA, and each 
form is considered by the Agency to be a separate active ingredient. According to the U.S. EPA, 
there are nine active ingredients in the 2,4-D Registration Case (U.S. EPA 2005a). Two of those 
2,4-D active ingredients (dimethylamine salt and 2-ethylhexyl ester) are being proposed for use. 
Many of the 2,4-D products currently used in California are labeled as isooctyl (2-ethylhexyl) 
ester or 2-ethyhexyl ester of dichlorophenoxyacetic acid (2,4-D). The terms are synonymous, 
though the CDPR Pesticide Use Reports (PUR) continued to distinguish between the two names. 
According to the most recent U.S. EPA Re-registration Eligibility Decision (RED) for 2,4-D, the 
name 2-ethylhexyl has replaced isooctyl (U.S. EPA 2005d). Therefore, products labeled “isooctyl 
ester” will be hereafter included under the discussions of 2-ethylhexyl. 

In addition, one active ingredient of boron (sodium tetraborate decahydrate, also known as 
borax), clopyralid (monoethanolamine salt), hexazinone, imazapyr (isopropylamine salt) and 
sulfometuron methyl are being proposed for use. Four active ingredients of glyphosate 
(diammonium salt, dimethylamine salt, isopropylamine salt, potassium salt) and two active 
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ingredients of triclopyr (butoxyethyl ester and triethylamine salt) are also being proposed for 
use under this PEIR.  

This risk assessment will not cover in detail the adjuvants or inert ingredients that have the 
potential to be used when chemicals are applied for vegetation management, with the 
exception of surfactants that are of high toxicological concern. Adjuvants, such as surfactants, 
are additives that improve the effectiveness of a formulation and are added just prior to 
application of a formulated product. Surfactants in particular are intended to increase the 
efficacy of the formulation towards eliminating or retarding the target plant (U.S. EPA 2011b). 

Like adjuvants, inert ingredients are not active in directly eliminating or retarding the 
growth of the targeted species, but instead improve the effectiveness of the active ingredient 
(FIFRA Sec. 2 [7 U.S.C. 136](m); U.S. EPA 2011b). Unlike adjuvants, however, inert ingredients 
are combined with active ingredients to create formulations that are sold as end-use products. 
Inert ingredient information is considered proprietary (FIFRA Sec 10(f) and 12(a)(2)(D)) and as 
such is typically only disclosed by formulation registrants to the U.S. EPA. When registering a 
formulation that contains inert ingredients, toxicity testing is completed on both the technical 
grade active ingredient (TGAI) and end-use product, which allows for the toxicity of chemicals 
to be compared. 

One surfactant of concern, nonylphenol ethoxylate (NP9E) contains the active ingredient 
nonylphenol (NP) and its ethoxylates (USDA/FS 2003b). Another surfactant of concern contains 
polyethoxylated tallow amine, which is also known as polyoxyethylene amine or POEA, (SERA 
2011d). Each of these surfactants is made up of many related components, making toxicity 
ambiguous and challenging to classify. Currently, there is concern regarding the toxicity of NPE 
and POEA compounds to aquatic organisms (SERA 1997a, 2011b and USDA/FS 2003b). Estrogen 
mimicry, a potential for NPE, causes concern for both aquatic and terrestrial organisms. Of the 
active ingredients proposed for use, NP9E is commonly used with clopyralid, glyphosate and/or 
triclopyr formulations, whereas, POEA is predominately an unspecified inert in glyphosate 
formulations. NP9E data can be evaluated more easily than POEA, given that NP9E is a 
component of surfactants added after purchase, making information less proprietary.  
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Table 5.17.2  
Chemicals Proposed for Use Under the Proposed Program & Alternatives 

Active Ingredients  CDPR Codes 
Products Actively Registered in 

California [1] 
Forestry  Rangeland 

2,4-D, dimethylamine salt (DMA) 806 8 17 

2,4-D, 2-ethylhexyl ester (EHE) [2] 809, 1622 0 9 

Borax, sodium tetraborate decahydrate 79 1 0 

Clopyralid, monoethanolamine salt  5050 2 4 

Glyphosate, diammonium salt [3] 5810 1 2 

Glyphosate, dimethylamine salt 5972 1 1 

Glyphosate, isopropylamine salt 1855 56 81 

Glyphosate, potassium salt  5820 2 5 

Hexazinone  1871 5 3 

Imazapyr, isopropylamine salt 2257 7 1 

Sulfometuron methyl 2149 3 1 

Triclopyr, butoxyethyl ester (BEE) 2170 9 11 

Triclopyr, triethylamine salt (TEA) 2131 10 5 

Nonylphenol 9 Ethoxylates  (NP9E) 1748 NA NA 
[1] The products listed are actively registered in California and include active ingredients proposed for use under the Program 
and Alternatives, as well as some products that contain additional active ingredients. CDPR = California Department of 
Pesticide Regulation. [2] Also formerly known as, and synonymous with, isooctyl ester (U.S. EPA 2005d). [3] According to CDPR 
Pesticide Use Reports from 2000 to 2009, this chemical was not used in forestry (CDPR N.D.a). It was only used in rangeland 
in 2002 and 2010, on 2,800 acres and 5.5 acres respectively. 

5.17.1.7    Area Potentially Treated by Chemicals 
For analysis purposes, it is assumed that the area potentially treated with chemicals under the 

Proposed Program and Alternatives is as shown in Table 5.17.3. It is immediately apparent from this 
table that the Proposed Program treats a far larger number of acres (19,620) than any of the 
Alternatives (17,741 acres more than Alternative 1, 19,620 acres more than Alternative 2, 10,974 
acres more than Alternative 3, and 14,967 acres more than Alternative 4). Similarly, the Proposed 
Program has a far greater number of chemical treatment projects (75) than any of the Alternatives 
(68 more than Alternative 1, 75 more than Alternative 2, 42 more than Alternative 3, and 57 more 
than Alternative 4). It is apparent, solely on the basis of area treated, if there are no significant 
effects from chemical treatments in the Proposed Program, then there will be no significant effects 
in the Alternatives. 
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Table 5.17.3 
Comparison of Potential Annual Chemical Treatments by Bioregion 

Bioregion 

Total 
Treatable 

Landscape [1] 

Proposed Program 
 

Alternative 1 
Status Quo 

Alternative 2 
No Herbicides 

Alternative 3 
Minimize Water  
Quality Impacts 

Alternative 4 
Minimize Air 

Quality Impacts 
Acres Projects Acres Projects Acres Projects Acres Projects Acres Projects Acres 

North Coast 8,158,000 9 2,282 1 244 0 0 4 1014 2 523 
Modoc 3,616,900 8 2,009 0 28 0 0 3 893 3 687 
Sacramento Valley 1,524,300 11 2,808 1 301 0 0 5 1,248 2 644 
Sierra Nevada 6,605,500 15 3,862 2 414 0 0 7 1,716 3 885 
Bay Area / Delta 3,346,500 5 1,404 1 150 0 0 2 624 1 322 
San Joaquin Valley 1,799,800 4 1,054 0 113 0 0 2 468 1 241 
Central Coast 4,989,200 13 3,420 1 376 0 0 6 1,520 3 7545 
Mojave 3,112,800 1 180 0 9 0 0 0 80 0 41 
South Coast 2,737,600 7 1,850 1 169 0 0 3 822 2 424 
Colorado Desert 2,067,800 3 653 0 75 0 0 1 290 1 134 

Total 37,958,400 75 19,620 [2] 7 1,879 0 0 33 8646 18 4,653 
Treatment Distribution     9.00%   4.00%   0.00%   4.00%   5.00% 

1-10 year Total     413,110   65,800   216,910   295,290   142,860 
10+ year Total     630,020   112,800   433,780   512,180   235,920 

[1] Total Treatable Landscape for the Proposed Program and Alternatives 2-4. Alternative 1, Status Quo, has a treatable landscape of 34,824,500 acres. Treatment 
Distribution = % of chemical treatments in relation to all treatments;  1-10 year Total = total of annual area treated with on- and off-program chemicals in years 1-10;  
10+ year Total = total of annual area treated with on- and off-program chemicals in years 11+;  [2] This total differs from the column total of 19,522 due to rounding. 
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Chemical treatments will potentially occur only on Local Responsibility Area (LRA) or State 
Responsibility Area (SRA) lands where CAL FIRE has fire suppression responsibility. Direct Protection 
Area (DPA) lands are federal lands where CAL FIRE has agreed to provide fire protection, but has no 
other management responsibility or authority. There are approximately 3 million acres of DPA 
lands. Subtracting these from the total acreage available for treatment under the Proposed Program 
(~38 million acres) leaves ~35 million acres on which chemical treatments could potentially occur. 

There are two basic project initiators for chemical treatments under the VTP. On state lands 
(State Forests, State Parks, Ecological Reserves, and Wildlife Areas), VTP projects are initiated by 
state agencies (CAL FIRE, the CA Department of Parks and Recreation, or CDFG). There are 71,000 
acres of State Forests, ~1,500,000 acres of State Parks, 129,000 acres of CDFG Ecological Reserves, 
and ~563,000 acres of Wildlife Areas, for a total of ~2,263,000 acres. Since these are public lands, 
inadvertent exposure of the public to chemicals is potentially greater than on private lands. 

On private lands (~32 million acres), landowners working in partnership with CAL FIRE are the 
project initiators. Use of such lands is not considered public use, as people can legally gain access 
only by invitation of the landowner. Some potential chemical exposure routes to the public, such as 
eating berries or coming into direct contact with sprayed vegetation, are therefore unlikely (see 
Section 5.17.2.1.3 Exposure Assessment). 

It is not possible to know exactly where chemical treatments will be located in the State or how 
many projects will be in any bioregion or watershed in any given year. Nevertheless, for analysis 
purposes an attempt was made to locate projects in bioregions, WHR habitat types, and 
watersheds, through the randomization process described above in Section 5.0. Table 5.17.4 shows, 
for the Proposed Program, the potential annual number of projects per watershed in each 
bioregion. Table 5.17.5 shows, for the Proposed Program, the potential annual acreage of chemical 
treatments by WHR type for each bioregion for the combined LRA, SRA, and DPA lands. Table 5.17.6 
shows (by WHR habitat for each bioregion) the purposes for which chemicals would most likely be 
used in each WHR type. 

The percentage of the Proposed Program area potentially treated each year with chemicals in 
each WHR lifeform ranges from 0.004% to 0.08%, (mean 0.044%, median 0.042%), not factoring in 
two outliers of 4.57% and 6%, totaling 38 acres, in the Desert Shrub WHR lifeform in the San Joaquin 
and Central Coast bioregions (Table 5.17.5). The area treated in each Alternative in each bioregion 
and lifeform will be considerably less than that in the Proposed Program, so the percentage of the 
total area treated will always be less. Therefore, impacts on WHR lifeforms and the wildlife and 
plant species associated with them will be less than in the Proposed Program in all bioregions under 
all Alternatives. 
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Table 5.17.4 
Proposed Program Number of Potential Annual Chemical Treatment Projects per Watershed 

Bioregion 
Acres Number Mean 

Watershed 
Size 

Annual Number of Projects per Watershed 

Treatable 
Landscape 

Treated 
with 

Chemicals 

Total 
Watersheds Projects 

 
1 2 3 4 5 6 7 

North Coast/Klamath # 8,158,000   2,282 1,529   9     7,884    8.0 0.4      
Modoc 3,616,9003   2,009    577   8   12,995    5.9 0.9      
Sacramento Valley 1,524,300   2,808     70 11   55,715    1.2 1.3 0.8 0.6 0.1 0.2 0.1 
Sierra Nevada 6,605,500   3,862 1,425 15     8,679  12.0 1.3 0.1     
Bay Area / Delta 3,346,500   1,404    496   5   11,592    5.0 0.2      
San Joaquin 1,799,800   1,054    153   4   50,063    2.0 0.7 0.2     
Central Coast 4,989,200   3,420    816 13     8,867    9.1 1.4 0.4     
Mojave 3,112,800     180    204   1   81,342    0.5 0.1      
South Coast 2,737,600   1,850    293   7   21,710    5.2 0.9 0.1     
Colorado Desert 2,067,800     653     37   3 178,274    0.5 0.5 0.1 0.2    

Grand Total 37,958,400 *19,620 5,600 75   49.4 7.7 1.7 0.8 0.1 0.2 0.1 
* This total differs from the column total of 19,522 due to rounding;  # As an example of how to read this table, for the North Coast/Klamath 
Bioregion, 8 watersheds would each have 1 project per year and 0.4 would each have 2 projects per year 
 
 
 
 
 
 
 
 
 
 
.
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Table 5.17.5 
Proposed Program Potential Annual Chemical Treatment Acres by Bioregion and WHR Lifeform 

Bioregion   Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Wood-

land 

Hard-
wood 
Forest 

Hardwood 
Woodland 

Herb- 
aceous 

Shrub TOTAL 

North Coast 
Klamath 

Proposed Program 4,060,100 108,600 0 0 1,359,100 670,800 1,020,000 927,500 8,146,100 
All Treatments 12,860 230 0 0 4,730 1,680 2,740 3,110 25,350 
Chemical Treatments 1,158 21 0 0 425 151 247 280 2,282 
% Chemical Treatments (total 
area)  

0.03% 0.02% 0.00% 0.00% 0.03% 0.02% 0.02% 0.03% 0.03% 

10-year Chemical Treatments 11,580 210 0 0 4,250 1,510 2,470 2,800 22,820 

Modoc 

Proposed Program 1,522,000 280,900 0 0 97,700 212,100 159,300 1,340,000 3,612,000 
All Treatments 11,911 751 0 0 1,101 2,602 1,101 4,854 22,320 
Chemical Treatments 1,069 69 0 0 99 237 99 435 2,009 
% Chemical Treatments (total 
area)  

0.07% 0.02% 0.00% 0.00% 0.10% 0.11% 0.06% 0.03% 0.06% 

10-year Chemical Treatments 10,690 690 0 0 990 2,370 990 4,350 20,090 

Sacramento 
Valley 

Proposed Program 100 0 0 0 17,900 523,300 953,900 26,800 1,522,000 
All Treatments 0 0 0 0 2,183 13,688 14,258 1,071 31,200 
Chemical Treatments 0 0 0 0 197 1,232 1,283 96 2,808 
% Chemical Treatments (total 
area)  

0.00% 0.00% 0.00% 0.00% 1.10% 0.24% 0.13% 0.36% 0.18% 

10-year Chemical Treatments 0 0 0 0 1,970 12,320 12,830 960 28,080 

Sierra 

Proposed Program 1,726,400 44,200 78,500 100 1,103,900 1,134,300 1,714,800 794,600 6,596,800 
All Treatments 11,343 220 460 0 8,452 7,932 10,232 4,271 42,910 
Chemical Treatments 1,021 20 41 0 760 714 921 384 3,862 
% Chemical Treatments (total 
area)  

0.06% 0.05% 0.05% 0.00% 0.07% 0.06% 0.05% 0.05% 0.06% 

10-year Chemical Treatments 10,210 200 410 0 7,600 7,140 9,210 3,840 38,620 

Bay Area 
Proposed Program 540,200 200 0 0 478,600 638,500  1,293,300 391,000 3,341,800 
All Treatments 3,300 0 0 0 2,480 3,370 4,380 2,070 15,600 
Chemical Treatments 297 0 0 0 224 303 394 187 1,404 
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% Chemical Treatments (total 
area)  

0.05% 0.00% 0.00% 0.00% 0.05% 0.05% 0.03% 0.05% 0.04% 

10-year Chemical Treatments 2,970 0 0 0 2,240 3,030 3,940 1,870 14,040 

San 
Joaquin 

Proposed Program 2,600 19,500 700 0 3,300 72,600 1,636,900 61,500 1,797,100 
All Treatments 30 190 360 0 30 1,230  9,050 820 11,710 
Chemical Treatments 3 17 32 0 3 110 815 74 1,054 
% Chemical Treatments (total 
area)  

0.12% 0.09% 4.57% 0.00% 0.09% 0.15% 0.05% 0.12% 0.06% 

10-year Chemical Treatments 30 170 320 0 30 1,100 8,150 740 10,540 

Central 
Coast 

Proposed Program 40,000 20,600 100 0 76,300 1,333,700 2,445,500 1,065,800 4,982,000 
All Treatments 410 100 60 0 670 11,083  16,264 9,413 38,000 
Chemical Treatments 37 9 6 0 61 997 1,464 847 3,420 
% Chemical Treatments (total 
area)  

0.09% 0.04% 6.00% 0.00% 0.08% 0.07% 0.06% 0.08% 0.07% 

10-year Chemical Treatments 370 90 60 0 610 9,970 14,640 8,470 34,200 

Mojave 

Proposed Program 9,800 158,100 2,609,400 77,800 15,300 18,600 54,700 164,500 3,108,200 
All Treatments 122 204 367 0 367 184 367 388 2,000 
Chemical Treatments 10 19 33 0 33 17 33 35 180 
% Chemical Treatments (total 
area)  

0.10% 0.01% 0.001% 0.00% 0.22% 0.09% 0.06% 0.02% 0.006% 

10-year Chemical Treatments 100 190 330 0 330 170 330 350 1,800 

South 
Coast 

Proposed Program 99,500 27,300 78,500 1,900 51,900 210,100 495,400 1,823,200 2,787,800 
All Treatments 363 70 316 0 316 1,640 3,280 14,574 20,560 
Chemical Treatments 33 6 28 0 28 148 295 1,312 1,850 
% Chemical Treatments (total 
area)  

0.03% 0.02% 0.04% 0.00% 0.05% 0.07% 0.06% 0.07% 0.07% 

10-year Chemical Treatments 330 60 280 0 280 1,480 2,950 13,120 18,500 

Colorado 
Desert 

Proposed Program 900 62,900 1,501,700 14,200 1,000 5,900 228,300 250,000 2,064,900 
All Treatments 30 310 2,450 40 10 140 90 4,190 7,260 
Chemical Treatments 3 28 220 4 1 12 8 377 653 
% Chemical Treatments (total 
area)  

0.33% 0.04% 0.01% 0.03% 0.10% 0.20% 0.004% 0.50% 0.03% 

10-year Chemical Treatments 30 280 2,200 40 10 120 80 3,770 6,530 
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TOTALS 

Proposed Program 8,001,600 722,300 4,268,900 94,000 3,205,000 4,819,900 10,002,100 6,844,900 37,958,700 
All Treatments 40,369 2,075 4,013 40 20,339 43,549 61,762 44,761 216,910 

Chemical Treatments 3,631 189 360 4 1,831 3,921 5,559 4,027 *19,620 
% Chemical Treatments (total 

area)  
0.05% 0.03% 0.008% 0.004% 0.06% 0.08% 0.06% 0.06% 0.05% 

10-year Chemical Treatments 36,310 1,890 3,600 40 18,310 39,210 55,590 40,270 *196,200 
WHR = Wildlife Habitat Relationships, Proposed Program = Total area (acres) of habitat in the Proposed Program,  All Treatments = Total annual area (acres) for all potential treatments in the 
Proposed Program,  Chemical Treatments = Total annual area (acres) of potential chemical treatments in the Proposed Program,  % Chemical Treatments = Total annual area (acres) of 
potential chemical treatments in the Proposed Program divided by the Proposed Program total area (all jurisdictions) in each WHR class, 10-year Chemical Treatments - Total on program area 
(acres) potentially treated with chemicals in the first 10 years of the Proposed Program. * This total differs from the column total of 19,522 (195,220) due to rounding. 
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Table 5.17.6 
Proposed Program Potential Annual Chemical Treatment Acres by Bioregion and Purpose 

Bioregion Chemical 
Treatments 

Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub TOTAL 

North 
Coast/ 

Klamath 
Acres 1,158 21 0 0 425 151 247 280 2,282 

Primary Purposes 
SF, FM, 
DS, SP, CR 

SF, FM, DS, 
SP, CR 

  SF, FM, DS, 
WH 

SF, FM, DS, 
RF, WH 

NF, FM, DS, 
RF, NW 

NF, FM, DS, 
SP, CE, SC, 
WH, NW 

 

Modoc Acres 1,069 69 0 0 99 237 99 435 2,009 

Primary Purposes 
SF, FM, 
DS, SP, CR 

SF, FM, DS, 
SP, CR 

NF, FM, 
SC, RF, 
WH, NW 

 SF, FM, DS, 
RF, WH 

SF, FM, DS, 
RF, WH 

NF, FM, DS, 
RF, NW 

NF, FM, DS, 
SP, CE, SC, RF, 
WH, NW 

 

Sacramento 
Valley 

Acres 0 0 0 0 197 1,232 1,283 96 2,808 

Primary Purposes 
    SF, FM, DS, 

RF, WH 
SF, FM, DS, 
RF, WH 

NF, FM, DS, 
RF, WH, NW 

NF, FM, DS, 
SP, CE, SC, RF, 
WH, NW 

 

Sierra Acres 1,021 20 41 0 760 714 921 384 3,862 

Primary Purposes 
SF, FM, 
DS, SP, CR 

SF, FM, DS, 
SP, CR 

NF, FM, 
SC, RF, 
WH, NW 

 SF, FM, DS, 
WH 

SF, FM, DS, 
RF, WH 

NF, FM, DS, 
RF, NW 

NF, FM, DS, 
SP, CE, SC, RF, 
WH, NW 

 

Bay Area Acres 297 0 0 0 224 303 394 187 1,404 

Primary Purposes 
SF, FM, 
DS, SP, CR 

   SF, FM, DS, 
WH 

SF, FM, DS, 
RF, WH 

NF, FM, DS, 
RF, NW 

NF, FM, DS, 
SP, CE, SC, RF, 
WH, NW 

 

San Joaquin Acres 3 17 32 0 3 110 815 74 1,054 

Primary Purposes 
SF, FM, 
DS, SP, CR 

SF, FM, DS, 
SP, CR 

NF, FM, 
SC, RF, 
WH, NW 

 SF, FM, DS, 
RF, WH 

SF, FM, DS, 
RF, WH 

NF, FM, DS, 
RF, WH, NW 

NF, FM, DS, 
SP, CE, SC, RF, 
WH, NW 

 

Central Coast Acres 37 9 6 0 61 997 1,464 847 3,420 
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Primary Purposes 
SF, FM, 
DS, SP, CR 

SF, FM, DS, 
SP, CR 

NF, FM, 
SC, RF, 
WH, NW 

SF, FM, DS, 
WH, NW 

SF, FM, DS, 
RF, WH 

SF, FM, DS, 
RF, WH 

NF, FM, DS, 
RF, NW 

NF, FM, DS, 
SP, CE, SC, RF, 
WH, NW 

 

Bioregion  
Conifer 
Forest 

Conifer 
Woodland 

Desert 
Shrub 

Desert 
Woodland 

Hardwood 
Forest 

Hardwood 
Woodland Herbaceous Shrub TOTAL 

Mojave Acres 10 19 33 0 33 17 33 35 180 

Primary Purposes 
SF, FM, DS SF, FM, DS NF, FM, 

SC, RF, 
WH, NW 

 SF, FM, DS, 
WH 

SF, FM, DS, 
WH 

RF, WH, NW NF, FM, SC, RF, 
WH, NW 

 

South Coast Acres 33 6 28 0 28 148 295 1,312 1,850 

Primary Purposes 
SF, FM, DS SF, FM, DS NF, FM, 

SC, RF, 
WH, NW 

 SF, FM, DS, 
RF, WH 

SF, FM, DS, 
RF, WH 

NF, FM, DS, 
RF, NW 

NF, FM, DS, 
SP, CE, SC, RF, 
WH, NW 

 

Colorado 
Desert Acres 3 28 220 4 1 12 8 377 653 

Primary Purposes 
SF, FM, DS SF, FM, DS NF, FM, 

SC, RF, 
WH, NW 

SF, FM, DS, 
WH, NW 

SF, FM, DS, 
RF, WH 

SF, FM, DS, 
RF, WH 

RF, WH, NW NF, FM, DS, 
SP, CE, SC, RF, 
WH, NW 

 

 
 

Totals 

Treatmen
t Acres 3,631 189 360 4 1,831 3,921 5,559 4,027 *19,620 

Proposed 
Program 8,001,600 722,300 4,268,900 94,000 3,205,000 4,819,900 10,002,100 6,844,900 37,958,700 

Chemical Treatments = Total annual area (acres) for potential chemical treatments in the Proposed Program,  Primary Purposes = SF - shaded fuelbreak maintenance, NF - 
non-shaded fuelbreak maintenance, FM - fuel management zone maintenance,  DS - defensible space maintenance, SP - site preparation for tree planting, CR - conifer release 
from competing vegetation,  SC - shrubland conversion to rangeland, RF - rangeland forage improvement, WH - wildlife habitat improvement, NW - noxious weed control,  * 
This total differs from the column total of 19,522 due to rounding. 
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5.17.1.8    Timing of Chemical Treatments 
Under the Proposed Program and Alternatives 1, 3, and 4, herbicides could be used as the initial 

vegetation treatment. In shrubland treatments, especially when the goal is to convert to rangeland, 
herbicides are sometimes applied a year prior to prescribed burns to enhance the flammability of 
shrubs and reduce emissions from burning, by causing shrubs to die and desiccate (“brown”) before 
ignition. In shrubland treatments it is unlikely that herbicides would be the only treatment, without 
some type of follow-up treatment to remove the dead fuels. 

Noxious weeds could also be controlled primarily by herbicide treatments. However, herbicide 
treatments will not be funded in Alternative 2. By CAL FIRE policy herbicides cannot be used as 
initial treatments within one year prior to projects funded by CAL FIRE or for 3 years following such 
practices. 

Many of the maintenance treatments (maximum 10% of the total area treated per year, as per 
MMR #16) are expected to utilize herbicides. As discussed in Chapter 2 (Section 2.5.G), maintenance 
treatments are generally related to vegetation habitat, landscape location, and treatment type. For 
analysis purposes, maintenance with herbicides is assumed to occur at the following time intervals: 

•  Grasslands – 1-3 years after initial and previous treatments 

•  Shrublands – 1-3 years after initial treatment, 5-10 years after previous treatment 

•  Forestland – 1-2 years after initial treatment, 5- 10 years after previous treatment  

These maintenance intervals could vary by as much as 2-15 years for specific vegetation 
lifeforms and bioregions. Forestland herbicide treatments to establish regeneration following 
timber harvesting are typically done only once or twice in a 40-70 year rotation. Treatments with 
borax are likely to occur only once, immediately after trees are cut in thinning operations. 

Because the VTP is based on willing landowner participation, not every acre initially treated by 
whatever method, will receive a maintenance treatment. The Proposed Program and Alternatives 3 
and 4 have a goal of treating 35% of all originally treated lands with a follow-up maintenance 
treatment. Only 12% (e.g. 35% times 35%) of originally treated lands receive a second maintenance 
treatment, and only 4% of the originally treated lands receive a third treatment. 

5.17.1.9    Applicability of Existing Risk Assessments 
The human and ecological risks associated with all active ingredients being proposed for use in 

the Program and Alternatives have been assessed for the USDA/FS vegetation management 
program by the Forest Service and Syracuse Environmental Research Associates, Inc. (SERA). A 
review was made of the USDA/FS program for which the risk assessments (RAs) were prepared and 
in all cases the Proposed Program and Alternatives fall well within the parameters of the Forest 
Service program, so the conclusions of the risk assessments are generally applicable and there is no 
need to conduct a new and original RA for each chemical (see Title 14, California Code of Regulation 
–CCR- § 15148). Instead, the conclusions of these risk assessments were used as a basis for 
identifying known hazards for each chemical being proposed for use. Information from U.S. EPA 
chemical evaluations was used to both supplement and update materials in the SERA and Forest 
Service risk assessments. Scientifically accurate information from open literature was added, as 
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referenced below, to elaborate on or update any material in U.S. EPA, SERA, and Forest Service 
assessments.  

The full U.S. EPA and USDA/FS risk assessments are available via the Internet. U.S. EPA 
documents can either be obtained online through the Agency website (http://www.epa.gov/) or the 
federal regulations database (www.regulations.gov). The most current USDA/FS risk assessments 
and associated 2012 Excel workbooks with assessment calculations, which are typically completed 
by SERA consultants, can be downloaded at http://www.fs.fed.us/ foresthealth/pesticide/risk.shtml.  

Consultants at SERA developed specific risk assessment methodologies and programs in 
collaboration with the Forest Service. SERA consultants, for example, currently use a program 
associated with the Groundwater Loading Effects of Agricultural Management Systems (GLEAMS), 
which is referred to as Gleams-Driver version 1.9.3 (see user guide, SERA 2007a), to model the fate 
of chemicals in the environment. Likewise, a downloadable Excel application called 
WorksheetMaker was created by SERA and the Forest Service to make human and ecological health 
risk assessment calculations, and this application is regularly updated as new information becomes 
available. SERA risk assessment methods and user guides, as well as programs and applications, 
such as Gleams-Driver and WorksheetMaker, are updated frequently. The most current information 
can be downloaded directly from the SERA website (www.sera-inc.com).  

Human and ecological risk values disclosed in Forest Service chemical risk assessments were 
determined using calculation and scenario methods current at the time that each assessment was 
completed; however, risk evaluation methods change frequently. As a result, values in risk 
assessments do not always reflect the current evaluation methods. Thus, for the assessment of 
chemicals in this PEIR, risk calculations have been updated using the most current version of the 
Excel application FS WorksheetMaker (version 6.00.10). Generally, for each chemical, separate 
workbooks were completed for the typical and upper application rates (lbs/acre) for each category 
of application method applicable (e.g. backpack directed foliar, ground broadcast foliar, or stump 
application). For example, four workbooks were created for 2,4-D, because it has different typical 
and upper application rates and is applied using both backpack directed foliar and ground broadcast 
foliar application methods.  

The only chemical risk calculations not updated using the most current version of 
WorksheetMaker (6.00.10) are the two chemical impurities of concern, hexachlorobenze and NP9E, 
as these compounds are not included in the current WorksheetMaker application. 
Hexachlorobenzene calculations were updated as suggested by Patrick Durkin of SERA Inc. using 
provided workbooks that were created using WorksheetMaker version 6.00.07 (see workbook 
revisions tab for details). For NP9E, values were taken directly from the USDA/FS (2003b) risk 
assessment written by David Bakke, as the worksheets have not been updated. For a full analysis of 
each chemical refer to the applicable USDA/FS and SERA references throughout Section 5.17. 
Worksheets completed for the chemicals analyzed in this PEIR are in Cappadonna, 2012. 

All of the chemicals proposed for use in the Proposed Program and Alternatives have also been 
extensively evaluated by the U.S. EPA. Conclusions made by the U.S. EPA (also referred to as the 
Agency) are usually based on findings from a suite of studies completed by the chemical registrants. 

http://www.epa.gov/
http://www.regulations.gov/
http://www.fs.fed.us/foresthealth/pesticide/risk.shtml
http://www.sera-inc.com/
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Although there is disagreement over the validity of such studies, the Agency enforces stringent 
guidelines for each type of test required during the registration process (see 40 CFR 158.5 for study 
requirements). If standard protocols are not followed by the registrant, or test requirements should 
change over time, studies are considered unacceptable and must be repeated and resubmitted to 
the Agency in order for the active ingredient to become or remain registered. If there have not been 
changes to standard protocols for a given test since initial chemical registration, then the test will 
continue to be used any time the active ingredient is re-evaluated by the U.S. EPA. A single study 
completed by the registrant may qualify to fulfill multiple data requirements, which allows 
registrants to reduce the number of laboratory animals used. For example, a study may be 
conducted to evaluate dermal irritation and dermal sensitization. The guidelines and standards set 
by the Agency ensure some level of consistency and allow for comparability of test results for a 
particular chemical, as well as between multiple chemicals. The Agency evaluates tests for a given 
active ingredient and summarizes the findings in various Re-registration Eligibility Decision (R.E.D.), 
or more recently, in Registration Review Decisions and other chemical assessment documents. 

Until recently, the U.S. EPA released copies of registrant studies under the Freedom of 
Information Act, but now most studies are considered proprietary information and are no longer 
released to the public. Fortunately, most U.S. EPA guidelines have not changed since the initial 
submission of acceptable studies, so older studies are still acceptable. All Forest Service risk 
assessments include detailed information regarding U.S. EPA-submitted studies that were acquired 
prior to 2011 from the U.S. EPA, as well as directly from the chemical registrants. These Forest 
Service assessments are typically completed under contract by Dr. Patrick Durkin and other 
consultants from SERA. When contracted to completed Forest Service risk assessments for active 
ingredients, SERA consultants evaluate these U.S. EPA studies, as well as, toxicology databases, and 
an enormous amount of open literature, making them particularly valuable resources. 

The U.S. EPA and the Forest Service regularly evaluate and re-evaluate new information 
regarding the human and ecological risks associated with the chemicals proposed for use under the 
Proposed Program and Alternatives. The U.S. EPA reviews the hazards of pesticide active 
ingredients, as well as surfactants, inerts and/or metabolites of toxicological concern, during the 
registration, tolerance, and re-registration evaluation process. Similarly, the Forest Service contracts 
(i.e. usually SERA) to have chemical risk assessments created and updated regularly. The U.S. EPA 
and USDA/FS risk assessment and review history for each chemical proposed under the Proposed 
Program and Alternatives is as follows: 

2,4-D - The U.S. EPA (2005d) completed a toxicity review of 2,4-D and all its forms, as 
documented in a Re-Registration Eligibility Decision (R.E.D.). More recently, U.S. EPA reviewed 
newer studies on 2,4-D in response to a petition to drop all uses (FR 2012). A Forest Service 
assessment was completed for 2,4-D by SERA (1998a) and was later updated by the USDA/FS 
(2006a).  
Borax (tetraborate decahydrate) - A R.E.D. was completed by the U.S. EPA (1993b) for boric acid 
and its salts. Subsequently, certain aspects of toxicity for boric acid and its salts were re-
examined in a Tolerance Re-registration Eligibility Decision (T.R.E.D.) and again when scoping in 
preparation for a R.E.D. that is expected in 2014 (U.S. EPA 2006e and 2009a respectively). The 
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most recent USDA/FS risk assessment for borax, completed by SERA (2006a), specifically 
assessed the fungicidal product Sporax®, which is 100% sodium tetraborate decahydrate. Note 
that Cellu-Treat is also a borax product registered for use in California, which is 98% disodium 
octaborate tetrahydrate and 2% water. Cellu-Treat, however, is not proposed for use in this 
document because the SERA risk assessment does not cover the use pattern of this product.  
Clopyralid - While extensive toxicity data was submitted to the U.S. EPA by clopyralid 
registrants, the Agency has yet to complete or propose a R.E.D. for this active ingredient. 
Despite this, clopyralid tolerance and acute and chronic toxicity information was released by 
the U.S. EPA after new clopyralid crop uses were evaluated (FR 2002a, 2002b; U.S. EPA 2009b). 
The initial USDA/FS risk assessment for clopyralid specifically evaluated the product Transline®, 
which contains the monoethanolamine salt of clopyralid (SERA 1999). Since then, another 
assessment of clopyralid was completed by SERA (2004a).  
Glyphosate - A R.E.D. has been completed for glyphosate by the U.S. EPA (1993c), though 
toxicity and tolerances have been re-evaluated several times as a result of additional chemical 
uses, as well as new glyphosate salts being registered (e.g. FR 2007, 2011; U.S. EPA 2006b, 
2006c). Glyphosate was also recently evaluated by the U.S. EPA in scoping documents for a 
proposed R.E.D. expected in 2015 (U.S. EPA 2009c). As for the USDA/FS, specific glyphosate 
formulations and surfactants were evaluated in the mid-1990s (SERA 1996a & 1997a 
respectively). Since then, complete glyphosate risk assessments have been done multiple times 
(e.g. SERA 2003a). The USDA/FS contracted SERA to update a glyphosate program description, 
as well as a human and ecological health risk assessment (SERA 2010 & 2011b respectively). 
Rather than simply evaluating the active ingredient, the most recent assessment for glyphosate 
considered the relative toxicity of technical grade glyphosate, glyphosate formulations, and the 
POEA surfactant.  
Hexazinone - This chemical was first registered in 1975 and several years later a R.E.D. was 
completed by the U.S. EPA (1994). Later, some tolerance data was revised due to evaluation 
changes (U.S. EPA 2002a and 2002b). A U.S. EPA (2010c) registration review for hexazinone is 
expected in 2016. Initially, SERA (1997b) was only contracted by the Forest Service to evaluate 
selected formulations of hexazinone, though SERA (2005) later fully assessed the active 
ingredient.  
Imazapyr - Technical grade imazapyr was first registered in 1985, though the first grassland 
uses were not registered until 2003, as discussed in a recent R.E.D. (U.S. EPA 2006d). A 
subsequent addendum was released in 2008. A USDA/FS human and ecological health risk 
assessment was completed for imazapyr, which was later updated (SERA 2004b & 2011c, 
respectively).  
Sulfometuron methyl - This chemical was first registered in 1982, but no tolerance studies 
have been completed since there are no food or feed uses for this herbicide. A R.E.D. (U.S. EPA 
2008a) was done in 2008 and a subsequent amendment was completed in 2009. Initially, SERA 
(1998b) assessed sulfometuron methyl by evaluating the commercial formulation Oust®, as 
that was the only sulfometuron methyl product used by the USDA/FS. Subsequently, SERA 
(2004c) completed a full assessment of sulfometuron methyl.  
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Triclopyr - This chemical was most recently evaluated by the Agency in a R.E.D. (U.S. EPA 1998). 
Similarly, during the mid-1990’s, SERA (1996b) assessed commercial formulations of triclopyr 
(Garlon 3A and Garlon 4). Since then, multiple evaluations of triclopyr have been completed 
(SERA 2003b & 2011d).  
NP9E - A hazard characterization of alkylphenols, including p-Nonylphenol (NP) compounds, 
was completed by the U.S. EPA and subsequently an action plan was conducted specifically for 
NP and NPE compounds (U.S. EPA 2009f & 2010e). David Bakke, USDA/FS Region 5 Pesticide 
Use Specialist, evaluated the surfactant NPE in 2003 because it is commonly used in forestry 
and sometimes as an active ingredient (USDA/FS 2003b). 

5.17.1 10   Chemical Application Rates 
Pesticide product labels are regulated by the U.S. EPA and are required to specify maximum 

product application rates (see Appendices E & F). These rates are based on the specific composition 
of the product and the labeled product uses. The concentration and form (e.g. salts, esters or 
amines) of herbicidal ingredients, the presence or absence of “other” or inert ingredients (including 
water), and the concentration of other ingredients are all factors that influence the composition and 
potency of a product. Each product is labeled to be used for controlling specific target species on 
certain types of sites for particular purposes. Each of these factors also influences the application 
rates specified on the label. Formulation composition and use factors are both considered to 
determine all application rates on a product label, including those for specific purposes, as well as 
the maximum rate for each product.  

The proportion of a pesticidal ingredient in a formulation directly influences the labeled 
application rates. It is disclosed differently on labels depending on the composition of the pesticide. 
Derivatives, such as salts, esters, or amines, are often formulated with the pesticidal/herbicidal 
compounds to increase the efficacy of pesticide activity (Hager 2009). For example, formulating 
glyphosate with a salt compound may allow glyphosate to act against the target plant more 
effectively, because the salt allows for higher absorption of glyphosate through the waxy cuticle of 
the plant. The presence or absence of derivatives influences how the proportion of pesticidal 
ingredients is measured and printed on product labels, with the proportion being expressed as 
either active ingredient (a.i.) or acid equivalent (a.e.) per pound or gallon. “Active ingredient (a.i.)” is 
commonly used on labels when pesticidal acid compounds are formulated with derivatives, and the 
derivatives are included in the proportion of the pesticide. The term a.i. is also used on labels of 
products when there is only one form of a pesticidal compound sold (ibid). By contrast, “Acid 
equivalent (a.e.)” is used when the proportion includes only the amount of pesticidal parent acid 
that could be theoretically derived from a formulation containing derivatives (ibid). Using a.e., 
rather than a.i., allows for easy comparison of pesticide concentrations between products that use 
the same pesticide but different derivatives.  

In the Forest Service risk assessments, active ingredients are often evaluated in terms of 
estimated expected lower, upper, and typical rates of application, which are based on past USDA/FS 
use of each active ingredient for forestry related applications (see Table 5.17.7). In these 
assessments, application rates were stated as either pounds of a.i. or pounds of a.e. per acre per 
treatment, as appropriate. For the analysis in this PEIR, the typical and upper application rates were 
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usually used when updating Forest Service risk assessment calculations using FS WorksheetMaker 
6.00.10. While application rates determined by the USDA/FS are used in most cases throughout this 
PEIR, an adjustment for clopyralid was made because California law mandates lower application 
rates for this active ingredient. The clopyralid product labels registered in California restrict the 
application rate of clopyralid to a maximum of 0.25 lbs a.e./ac/year, whereas this chemical can be 
applied at a maximum rate of 0.5 lbs a.e./ac/year in other states.  

Though the maximum rates were calculated for comparison and discussion purposes in SERA 
risk assessments, the USDA/FS actual application rates in the field usually parallel the typical 
application rates. The application rates potentially used under the Proposed Program and 
Alternatives are expected to be similar to the typical rates projected by the U.S. Forest Service. The 
SERA risk assessments often use higher maximum application rates (of a.e. or a.i.) for calculations 
than are actually allowed by product labels. In such cases, the formulation label will always 
supersede the upper bound specified in SERA assessments, as law prohibits the use of application 
rates higher than those written on a label. Conversely, for those products that have higher 
application rates specified on the label than the applicable risk assessment specifies (i.e. glyphosate 
Accord® products), the U.S. Forest Service maximum rates will not be exceeded under the Proposed 
Program and Alternatives. 

Table 5.17.7 
Chemical Application Rates Proposed for Use Under the Program & Alternatives [1]  

Active Ingredient 

Ground Application 

References Typical 
Applied 

(lbs /acre) 

Lower 
Range 

(lbs /acre) 

Upper 
Range 

(lbs /acre) 

2,4-D 1.0 a.e. 0.50 a.e. 4.00 a.e. USDA/FS 2006a, p. 2-4 
Borax, sodium tetraborate 

decahydrate 1.0 a.i. 0.10 a.i. 5.00 a.i. SERA 2006a, p. 2-2 

Clopyralid, monoethanolamine salt 0.25 a.e. [2] 0.10 a.e. 0.25 a.e. [2] SERA 2004a, p. 2-3 

Glyphosate 2.0 a.e. 0.29 a.e. 8.00 a.e.  SERA 2011b, Table 7, p. 16-17 
& 289 

Hexazinone 2.0 a.i. 0.50 a.i. 4.00 a.i.  SERA 2005, p. 2-4 

Imazapyr, isopropylamine salt 0.30 a.e.  0.125 a.e. 1.5 a.e. SERA 2011c, Table 3 & 4, p. 9 
& 133 

Sulfometuron methyl 0.045 a.i. 0.03 a.i. 0.38 a.i. SERA 2004c, p. 2-1 

Triclopyr 1.0 a.e. 0.10 a.e. 6.60 a.e. [3] SERA 2011d, p. 10; SERA 
2003b, p. 2-5 

NP9E 1.67 a.i. 0.167 a.i. 6.68 a.i. USDA/FS 2003b, p. 4 
a.e. = acid equivalent isomer of active ingredient, a.i. = active ingredient. Typical = refers to the average application rate used by the 
USDA/FS, high/low = refer to upper and lower application rate limits used by the USDA/FS; [1] Application rates are based on those 
disclosed in Forest Service risk assessments for each chemical, unless otherwise noted. [2] The typical and upper application rates for 
Clopyralid are 0.35 and 0.50 lbs a.e. per acre respectively for the USDA/FS. In California, however, the maximum application rate is 
restricted to 0.25 lbs a.e. per acre per year, and as such 0.25 is conservatively used for both the typical and upper application rate 
throughout this PEIR; [3] A few uses for triclopyr have application rates as high as 10 lbs. a.e./acre, though 6.63 lbs a.e. per acre was the 
maximum used by the USDA/FS in 2004. 
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5.17.1.11   Chemical Properties and Mobility 

Humans could potentially be exposed to herbicides in several ways such as by direct contact, by 
contact with or inhalation of spray, by ingestion of contaminated materials (such as vegetation, 
water, fish and game), or by contact with contaminated vegetation. It is therefore imperative to 
consider the mobility and persistence of proposed herbicides, as well as their rate of absorption and 
degradation in nature. 

In order for herbicides to adversely affect humans offsite from where the chemicals are applied, 
they must be able to move from the treatment site in sufficient quantities to expose people to 
harmful doses. Chemicals are mobile to different degrees and for different lengths of time. Pesticide 
mobility is greatly affected by microsite conditions, such as soil pH, texture, depth, and organic 
matter content. Climatic conditions, such as a precipitation, temperature, humidity, and wind 
speed, may also affect how herbicides spread or drift from the area of application. For an analysis of 
the mobility of chemicals in air, see Section 5.17.3.1.4. 

The ability of chemicals to affect living organisms over time is determined in part by their 
persistence in the environment. Persistence is determined for both soil and aqueous environments 
and is measured by the time it takes for one-half of the chemical to become inactive (degraded) in 
its ability to affect target species. Persistence in soil is primarily affected by soil texture, climate, and 
microbial action. Persistence in water is primarily affected by temperature, sunlight, flow, and by 
the type(s) of sediment in the water. Potential modes of transport of chemicals are as follow: 

a. Direct spray of waterbodies, special status species, or receptors 

b. Off-site drift of spray to waterbodies and terrestrial areas 

c. Runoff of surface water from the application area to off-site waterbodies or 
soils 

d. Accidental spills to waterbodies 

e. Contamination of water used for irrigation 

f. Infiltration into and leaching through soil to groundwater 

g. Wind erosion resulting in deposition of contaminated dust 

h. On-site volatilization from sprayed surfaces 

i. On-site volatilization by burning of sprayed vegetation 

Table 5.17.8 displays the differences in mobility of the chemicals potentially used in the 
Proposed Program and Alternatives. This table is a synthesis of information from a number of 
sources, including USDA/FS and SERA risk assessments, the U.S. EPA, the HFQLG FSEIS (in Appendix 
F-Environmental Fate of Proposed Herbicides) (USDA/FS 2003a), the Diamond Project DEIS 
(USDA/FS 2006b), the USFWS (USDI U.S. FWS 2007), CDPR Environmental Fate Reviews 
(http://www.cdpr.ca.gov/docs/emon/pubs/envfate.htm), and other sources. The ratings in this 
table are not absolutes and should be taken with caution, as mobility of chemicals is variable and 
highly complex. Substantially different estimates of mobility could be made when different site-

http://www.cdpr.ca.gov/docs/emon/pubs/envfate.htm
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specific factors are considered. Estimates of exposure risk based upon movement of chemicals 
should be considered only as crude approximations of environmentally plausible consequences. 

Table 5.17.8 
Modes of Off-Site Transport for Chemicals Proposed for Use Under the Program & Alternatives 

Chemical Drift Volatilization Runoff Leaching Wind [3] 
2,4-D, Dimethylamine Salt (DMA) L VL L L L 
2,4-D, 2-Ethylhexyl Ester (EHE) [1] M M L L L 
Borax, Sodium Tetraborate Decahydrate L L L L M 
Clopyralid, Monoethanolamine Salt  L L H L [2] L 

Glyphosate, Diammonium Salt L VL L L H 
Glyphosate, Dimethylamine Salt L VL L L H 
Glyphosate, Isopropylamine Salt L VL L L H 
Glyphosate, Potassium Salt  L VL L L H 

Hexazinone  L L [4] H H L 
Imazapyr, Isopropylamine Salt L L H H L 
Sulfometuron-Methyl L VL M M L 
Triclopyr, Butoxyethyl Ester (BEE) M M L L M 

Triclopyr, Triethylamine Salt (TEA) L L L L  M 

H = high mobility, M = moderate mobility, L = low mobility, VL = very low mobility. [1]Also formerly known as isooctyl 
ester (U.S. EPA 2005d); [2] Field studies indicate minimal leaching due to rapid degradation in soil; [3] Transport of soil 
particles by wind; [4] Volatilization of the liquid form of Velpar is higher. 

Two models are used to evaluate chemical mobility and fate in Forest Service risk assessments: 
AgDRIFT® and GLEAMS-Driver (SERA 2012). AgDRIFT® is a cooperative development effort between 
the U.S. EPA-ORD, USDA Agriculture Research Service, USDA Forest Service, and the Spray Drift Task 
Force, a consortium of approximately 42 agricultural chemical registrants. AgDRIFT® was developed 
to provide the U.S. EPA with an evaluation tool to estimate the environmental exposure from spray 
drift at the time chemicals are applied. GLEAMS (Groundwater Loading Effects of Agriculture 
Management Systems), by contrast, is a root zone model developed by the USDA Agricultural 
Research Service to assess the fate of chemicals applied to a variety of soils under varying 
hydrogeological and meteorological conditions. Gleams-Driver was developed by the USDA Forest 
Service in Region 8 as a “user-friendly Windows program that serves as a pre-processor and post-
processor for GLEAMS. It prepares input files for GLEAMS, runs the GLEAMS program, and then reads 
and processes the output from GLEAMS to make estimates of concentrations of pesticides in soil 
(target and nontarget fields) as well as surface water (streams and ponds)” (SERA 2006b). 
Metabolite information is also sometimes modeled when using Gleams-Driver. Information from 
AgDRIFT® and GLEAMS-Driver modeling is important to assess exposures relevant to both human 
and ecological risk assessment  

In Forest Service risk assessments, GLEAMS models are used to evaluate how the properties of 
a chemical influence their spread through the environment. Chemical properties required include 
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foliar, aquatic sediment, soil and water halftimes. Additionally, chemical solubility in water and the 
fraction of a chemical that washes off of foliage were used. Coefficients relating to chemical 
concentrations in water and sediment, as well as soil absorption, were also established for USDA/FS 
models. Since chemical binding to soil is influenced by the specific characteristics of different soils, 
Forest Service risk assessments usually modeled three soil textures: clay, loam, and sand (SERA 
2006b). Table 5.17.9 shows the chemical and site parameters used in the modeling for loam (a 
combination of clay and sand) in USDA Forest Service risk assessments evaluated for this PEIR. For 
further details regarding the GLEAMS models refer to the Gleams-Driver User Guide (SERA 2007a) 
and Modifications to Gleams-Driver Version 1 (SERA 2006b) documents. 

Very small amounts of chemicals are likely to be used under the Proposed Program and 
Alternatives relative to agricultural, urban, and other uses of pesticide. A review of scientific 
literature on drinking water from forests and grasslands in North America did not identify the 
chemicals analyzed in this PEIR “in surface or ground water at sufficiently high concentrations as to 
cause drinking water problems. Their rapid break down by physical, chemical, and biological routes 
coupled with use patterns precludes the development of water contamination problems unless they 
are applied directly to water” (USDA Forest Service 2002a). Chemicals will not be applied directly to 
water under the Proposed Program and Alternatives. 

Surface water monitoring conducted in 1999-2002 to measure off-site transport of atrazine, 
2,4-D, glyphosate, and triclopyr in the lower Klamath River watershed found that there was no 
detectable off-site movement of atrazine or triclopyr following the first rainfall event after ground 
applications. Glyphosate and 2,4-D were not applied by ground application, so those results are not 
reported here (CDPR 2003, Table 18, p. 40). 

Ground water monitoring conducted in the late 1990s to measure off-site transport of ground 
applications of hexazinone applied in pellet form at rates of 34.7 and 41.4 kg/ha (31 and 37 lbs/acre) 
on the Stanislaus National Forest found no detectable amounts in monitoring wells in the first year 
of application. In the following six years of monitoring in one well, detectable amounts (0.44-3.1 
µg/L) were found until the last year of monitoring. In the following four years of monitoring in the 
other well, detectable amounts (0.16-2.2 µg/L) were found until the last year of monitoring. For 
both wells, the detectable amount of hexazinone was far less than the California Department of 
Water Resources’ water quality standard of 400 µg/L. (DeGraff, et. al. 2007, p. 359) 

Monitoring of a ground application of liquid hexazinone on the Sierra National Forest 
demonstrated that hexazinone penetrated a significant distance into a 25-foot buffer zone on either 
side of a Class 4 (CA Forest Practice Rules Class III) channel centerline. It penetrated at least 15 feet 
into the buffer zone in surface water, at least 10 feet in surface soil, and leached to a depth of 6 feet 
at 20 feet into the buffer zone. However, the detectable concentrations were a full magnitude lower 
than the California Department of Water Resources’ water quality goal. “The pattern of mobility at 
these sensitive sites clearly shows peak concentrations of hexazinone in surface water following the 
first storm event and a gradual rise to peak concentrations of hexazinone in the vadose zone water 
after several storm events.” (DeGraff, et. al., 2007) 
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Table 5.17.9 
Chemical & Site Parameters Used in GLEAMS Modeling 

Active Ingredient 
Foliar 

wash-off 
fraction [1] 

Soil Adsorption 
Coefficient 

(Ko/c) [2] 

Sediment-
Water 

Distribution 
Coefficient 

(Kd) [3] 

Water 
Solubility 

(mg/L) 

Persistence (Half-Life in Days) [4] 
Primary 

Degradation 
Processes 

Reference 
Foliar Soil  Water Aquatic 

Sediment 

2,4-D acid 0.5 61.7 1.1 569 8.8 6.2 45 231 microbial, 
photolysis 

USDA/FS 2006a 
Table 3-5 

2,4-D, 2-
ethylhexyl ester 

(EHE) 
0.5 100 1.5 12 5 10 1 9,999 microbial, 

photolysis 
USDA/FS 2006a 
Table 4-11 

Borax, sodium 
tetraborate 
decahydrate 

1.0 0.11 0.0165 42,700 10,000 10,000 infinity infinity NA (not 
microbial) 

SERA 2006a 
Table 3-1 

Clopyralid 0.95 3.15 0.02 1,000 2 25 261 1,000 slow 
microbial 

SERA 2004a, 
Table 3-1 

Glyphosate 0.6 3,100 (2,000-
24,000) 420 (18-1,000) 12,000 10 5.4 21 208 slow 

microbial 
SERA 2011b 
Table 15 

Hexazinone  0.9 54 0.59 33,000 30 120 730 230 
slow 

microbial, 
photolysis 

SERA 2005 
Table 3-4 

Imazapyr, 
isopropylamine 

salt 
0.9 53 (8-110) 0.64 (0.07-3.4) 11,100 30 (15-37) 2,150 (313-

2,972) 
19.9-
199 5,000 slow 

microbial 
SERA 2011c 
Table 10 

Sulfometuron 
methyl 0.65 78 0.6 300 10 30 113 60 hydrolysis, 

microbial,  
SERA 2004c 
Table 3-1 

Triclopyr, 
butoxyethyl ester 

(BEE) 
0.7 1,233 (640-

1,650) NA 7.4 26.9 (16.5-73) 0.2 0.5 4.1 (1.1-15) 
hydrolysis, 
photolysis, 
microbial 

SERA 2011d 
Table 22 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 30 

 

 

Triclopyr, 
triethylamine salt 

(TEA) 
0.95 59 (25 to 134) NA 440 26.9 (16.5-73) 14 (8 - 28.4) 426 6.2 (2.6 – 

15) 

hydrolysis, 
photolysis, 
microbial 

SERA 2011d 
Table 22 

[1] Fraction of a chemical on the foliage of plants available for washoff by rainfall; [2] organic carbon partition coefficient; [3] skin permeability coefficient; [4]  Time for 1/2 of total 
chemical applied to be dissipated; NA = Not Available. NP9E has not been analyzed using GLEAMS modeling, hence its absence from this table. 
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The mobility of chemicals is of particular concern to the Native American community, 
including the California Indian Basketweavers Association, due to the potential for 
contamination of plants traditionally used in their culture. Such plants are still used and are 
gathered by hand, in the traditional manner, primarily on public wildlands and tribal 
reservations. Plants that are used for weaving baskets are handled with bare hands and are 
often placed in the mouth at some time during the weaving process. Other plants, or plant 
parts, are used as food, or have additional uses. 

There have been a number of studies in the field to assess the effects of herbicides on 
plants important to Native Americans. A four-year study from 1997-2001 by the CDPR 
monitored residues of glyphosate (Accord®), triclopyr (Garlon® 4), and hexazinone (Velpar® L – 
liquid form & Pronone® 10G – granular form) on bracken fern, buckbrush, golden fleece, and 
manzanita on three national forests (CDPR 2002). The study also determined herbicide 
dissipation rates and estimated the potential for off-site movement (Table 5.17.10)  The half-
lives of these chemicals are also well documented (Table 5.17.11).  

Table 5.17.10 
The Mean Number of Weeks Observed from the Maximum Herbicide Concentration to the 
Non-Detectable Level 

Herbicide Plant Part Sampled 

 Bracken Fern 
Roots 

Buckbrush 
Shoots 

Golden Fleece 
Foliage 

Manzanita 
Berries 

Glyphosate 6 weeks NA[1] 42 weeks NA 
Triclopyr  11 weeks NA 56 weeks NA 
Hexazinone - 
Velpar® L 

4 weeks  130 weeks 20 weeks 6 weeks 

Hexazinone - 
Pronone® 10G 

29 weeks 4 weeks 15 weeks 8 weeks 

Source: CDPR 2002, Table 7. [1] NA means a non-detectable level was not recorded, either because there was no vegetation 
left to sample, or the non-detect level was never reached.  
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Table 5.17.11 
Mean Half-Life of Four Forestry Herbicides In Plant Parts Used by California Indians 

 Mean Half-Life for Plant Media Sampled (weeks) 

Herbicide Bracken Fern 
Roots 

Buckbrush 
Shoots 

Golden Fleece 
Foliage 

Manzanita 
Berries 

Glyphosate  11.5 (1) [1] 9.8 (3) 8.2 (2) NA [2] 

Triclopyr 6.1 (2) 2.4 (3) 5.1 (3) NA 
Hexazinone - 
Velpar® L 

18.5 (1) 17.6 (2) 0.6 (2) NA 

Hexazinone - 
Pronone® 10G 

NA NA NA 1.7 (1) 

Source: CDPR 2002, Table 8. [1] The number in parentheses indicates the sample size used for the calculation of the mean. [2] NA 
denotes that no meaningful regression could be obtained and, therefore, no mean half-life was calculated.  

Herbicide half-lives were variable, ranging from 1 to 19 weeks. The CDPR (2002) study found, 
“[i]n decreasing order, half-lives were longest for liquid hexazinone, glyphosate, triclopyr, and then 
granular hexazinone treated plant materials.”  

It can be seen from these Tables that there is considerable variation in the dissipation rates 
between the herbicides themselves and between the various plant parts that were tested. For 
example, hexazinone in the granular form had the slowest dissipation rate by far in bracken fern 
roots and the fastest in golden fleece foliage, while the liquid form had the fastest rate in bracken 
fern roots and the next to the fastest rate in golden fleece foliage. Residues dissipated most slowly 
in buckbrush shoots. 

The highest residue levels on the day of application were with glyphosate treated plants, 
followed by those treated with liquid hexazinone, triclopyr, and then granular hexazinone. Although 
granular hexazinone had the lowest residue level, by the 28th week following application, both liquid 
and granular hexazinone had similar residue levels in roots, shoots, and foliage. 

A residue study in redbud, used for making baskets, following application of hexazinone around 
the base of plants showed no hexazinone in plant shoots after 0, 4, 8, and 12 weeks. The maximum 
detectable level of herbicide for redbud is 0.05 ppm. (CDPR 2002)  Native Americans are also 
concerned about herbicide residues in oak acorns, which are used for food. Several studies of 
residues in acorns have been done by CDPR. Acorns were collected from under trees 28-36 days 
after spraying with liquid and granular hexazinone and glyphosate. No herbicide residues were 
found (at a 0.1 ppm maximum detectable level) for either of the chemicals (ibid). 

Monitoring conducted in 1999-2002 to measure impacts to culturally significant plants (i.e. 
beargrass: stems and leaves, huckleberry: berries, yarrow: stems and leaves, manzanita: berries, 
Oregon grape: roots, willow: shoots, and tanoak: acorns) from off-site transport of 2,4-D and 
triclopyr in the lower Klamath River watershed found that drift from aerial applications at 10-50 feet 
above the ground (no ground applications were monitored) of the herbicides was detectable at two 
of four application sites. The farthest distance that residues were detected on plants was 30 to 41 
feet outside the application area, where plant samples averaged 0.14 ppb and 0.10 ppb for triclopyr 
and 2,4-D, respectively. Dissipation of herbicides after application was monitored over time at six 
sites in five treatment areas. Plants in four of the sites contained no detectable herbicide residues 
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by approximately 150 days. The other two sites had measurable amounts of herbicide at 
approximately day 60, but contained no residues at the next sampling date of 370 days (53 weeks). 
Samples of new growth on plants collected more than a year after application contained no 
detectable amount of triclopyr or 2,4-D (CDPR 2003). 

5.17.2  Direct Effects from Implementing the Proposed Program and Alternatives 
As mentioned in Chapter 4.17, the U.S. EPA and States register and license pesticides in the 

United States under the authority of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). 
The U.S. EPA is also responsible for issuing “Experimental Use Permits”, required to test an 
unregistered product. Additionally, the Agency continually reviews new information available on 
each active ingredient in an attempt to keep pace with new scientific findings and changes in policy 
and practices. This information is made available to the public in a Re-registration Eligibility Decision 
(RED) or in Registration Review Decisions. Before a new chemical can be registered, or an existing 
chemical registered for a new use, the U.S. EPA requires a minimum of 120 different scientific 
studies and tests from the applicants (usually registrant chemical companies), which can take up to 
15 years to complete. These studies are reviewed by the U.S. EPA to determine, with reasonable 
certainty, that the use of the chemical will not pose a risk to human health or the environment.  

State agencies further regulate pesticides according to state laws. California State laws that 
regulate pesticide use, which are enforced by the CDPR, are more restrictive than regulations of the 
U.S. EPA and most other states. Therefore, pre-registration and registration requirements are more 
stringent than in other parts of the United States. CDPR reviews the studies submitted to the U.S. 
EPA and evaluates its findings, as well as State laws, to determine if additional label requirements or 
studies are needed. 

5.17.2.1  Human Health Risk Assessment  

5.17.2.1.1  Introduction 
There is considerable concern among some members of the public over the long-term health 

risks of chemicals used in forest and rangeland management. Particular concern comes from the 
belief that exposure to even small amounts of these chemicals will result in cancer or other 
debilitating or life-threatening diseases. It is generally thought that the level of agricultural pesticide 
use in California is excessive and that any use in forested areas, which are generally the headwaters 
of much of California’s water supply, is increasing the risks to public health. 

When considering risk, it should be recognized that nothing we do is risk free. Driving a car, 
swimming, climbing a ladder, or having a medical X-ray all have risks. Calculations by the U.S. Forest 
Service of cancer risk to the general public from forestry herbicides used on National Forests in the 
Southeast showed a 1 in 10 million risk (the risk of getting cancer following an X-ray treatment is 7 
in 1 million). This estimate is: 

[B]ased on an extremely conservative approach, which assumed that the 
herbicides were carcinogenic (cancer causing) and exposure levels were high over 
long periods of time (70 years). The fundamental assumption of carcinogenicity is 
subject to much debate and to date no forestry herbicide has been conclusively shown 
to be carcinogenic (McNabb 1997). 
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Although there are risks associated with the use of the chemicals likely to be used in the 
Proposed Program and Alternatives, not using these chemicals will not necessarily result in a higher 
margin of public safety. Other methods for treating vegetation have their own unique risks, to 
workers and the public. For example, manual methods can lead to worker injuries, manual 
(chainsaw) and mechanical methods produce greenhouse gases and other pollutants, prescribed 
fire produces greenhouse gases, smoke pollution, and escaped fires, and prescribed herbivory can 
increase water pollution. All of these treatments are generally more expensive than herbicide 
treatments, and will thus deplete public and private funds more rapidly, resulting in fewer acres 
treated under the Proposed Program and Alternatives. There are risks associated with treating 
fewer acres due to fiscal constraints, such as less protection from wildfire, less rangeland 
improvement, and fewer acres of noxious invasive plants treated. 

Herbicides are designed to kill or retard plants by disrupting or altering one or more of their 
metabolic processes or by disrupting some physical structure, such as cell membranes (see 
Appendix B). Borax can be used as an insecticide, but under the Proposed Program and Alternatives 
will only be used as a fungicide to prevent infection of heterobasidion root disease in conifers. 
While few adverse effects to humans or animals are likely, as herbicides primarily affect processes 
exclusive to plants and borax is a common natural compound found in soil, any chemical in great 
enough quantities can have adverse effects. Therefore, risk analyses conducted by the Forest 
Service and others relating to forestry and rangeland management, were used and referenced for 
this PEIR. 

There are many important factors that must be considered when evaluating the potential risks 
of chemical use to human health. The level of risk depends on the inherent toxicity of end-use 
products, additives, and chemical mixes being used in the field. Risk is also dependent on the 
chemical concentrations, route of exposure, and the duration of chemical exposure. When humans 
are briefly exposed to pesticides, they may experience acute (short-term) toxicity symptoms, such 
as irritation of the eyes, skin or throat (causing coughing), as well as headaches and/or dizziness. 
When humans are exposed to chemicals over longer time periods (sub-chronically or chronically) 
adverse signs or symptoms of toxicity, such as cancer, the heritable mutations, reproductive issues, 
and/or neurotoxicity, may be observed. Individuals often respond to chemicals differently, with 
some being more sensitive than others. Additionally, most conclusions relating human health 
effects, including chemical toxicity, exposure, and risk characterization, are derived from studies 
using surrogate mammals, such as rodents, rabbits and dogs. These factors and others add different 
levels of variability and uncertainty. 

With this in mind, USDA/FS risk assessments take a conservative approach when assessing 
acute and chronic exposure for the public and workers, by using worst case scenarios for each type 
of exposure (e.g. dermal, consumption of contaminated water). However, it should be kept in mind 
whenever conclusions of acceptable or minimal risk are presented in this document that the use of 
chemicals is never without risk and that precautions should be taken to minimize human 
exposure to chemicals. Adequate warning signage, for example, must be posted to lessen exposure 
to members of the public, while workers applying chemicals must wear personal protection 
equipment. Mitigation measures (e.g. streamside buffer zones) outlined in Section 5.17.11 and 
additional measures created at the project level must be followed to further protect humans. 
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This PEIR does not specify which herbicide will or should be used in what bioregion. This would 
be unrealistic, given the immense scope of the Proposed Program and the tremendous variation in 
vegetation management needs, ecosystems, environmental fate conditions, land use, etc. across 
the program area. Such decisions will be made on the project level. Proposed chemicals are 
assessed for human health risks based on the assumption that chemicals are used. In this PEIR, 
herbicides and one fungicide will potentially be used in the Proposed Program and Alternatives 1, 3, 
and 4 (see Chapter 3). Thus, all sections and appendices relating to the use of chemicals are relevant 
to the Proposed Program and Alternatives other than Alternative 2 (no chemical treatment). For a 
description of potential herbicides, uses, and formulations, refer to Appendix C of this PEIR. A 
discussion on adjuvants is in Appendix D. How to read a pesticide label is described in detail in 
Appendix E. Appendices F and G are a pesticide label and an associated Material Safety Data Sheet, 
respectively. Guidelines for herbicide use are included in Appendix H.  

Following the U.S. EPA and the Forest Service protocol, the human health risk assessment in 
this Section will follow the four steps established by the National Research Council of the National 
Academy of Sciences to evaluate both human health risks and ecological effects associated with 
herbicide use. The steps include 1) hazard identification, 2) exposure assessment, 3) dose-response 
assessment, and 4) risk characterization (NRC 1983, as ordered by section in SERA 2012). Hazard 
identification assesses the toxicity of a given chemical agent to different organisms through 
different routes, doses and durations of exposure. Exposure assessment evaluates potential routes 
of exposure to workers and the public and to other organisms. Dose-response assessment evaluates 
the magnitude of exposure and the likelihood that adverse effects occur due to exposure. The risk 
characterization sections indicate the magnitude of risk once uncertainty factors are incorporated. 

5.17.2.1.2  Hazard Identification 
A suite of studies are commonly completed and/or evaluated by pesticide companies, 

regulatory agencies, and independent institutions to determine the risks of adverse human health 
effects related to the use of pesticides. Studies are often conducted to understand the effects of 
exposure duration (i.e. acute, sub-chronic, and chronic) and dose-response relationships. Other 
studies are conducted to specifically test for developmental toxicity and reproductive issues or test 
for mutagenicity and carcinogenicity. Additionally, specific studies are sometimes conducted to 
consider immunotoxicity, neurotoxicity, and endocrine disruption. Conclusions made by the U.S. 
EPA and SERA for each of these areas of toxicological concern are summarized throughout this 
section. Chemical properties, such as how chemical agents are metabolized and moved through the 
body (pharmacokinetics), are also important to hazard identification. Through these studies, the 
overall toxicity assessment of active ingredients and new formulations can be completed. 

The U.S. EPA requires registrants of any new active ingredient or product to submit human 
health data from the studies discussed above, for technical grade active ingredient (TGAI), end-use 
product, and/or manufacturing-use product, depending on what is being registered (see 40 CFR 
158.5 for study requirements). In particular circumstances, however, the U.S. EPA waives acute 
toxicity data requirements or allows registrants to fulfill these requirements with substitution of 
data from another product (U.S. EPA 2011a). Waivers may be granted, for example, if an acute oral 
toxicity study is inappropriate because the chemical exists in only a gas form (ibid). By contrast, data 
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substitution (referred to as data bridging) may only occur when identical products are registered 
and re-packaged, or a new formulation is sufficiently similar to an existing formulation (ibid).  

Given ethical constraints for chemical toxicity testing on human subjects, extensive toxicity 
tests are conducted on other physiologically similar mammals, primarily rodents, rabbits and dogs 
(see 40 CFR 158.5). This data on surrogate mammal species then provides a pesticide toxicology 
profile for each active ingredient. Judgments are made by the scientific community and regulatory 
agencies regarding the equivalency of the results to evaluate the potential adverse effects of 
chemicals towards humans. When available, documented incidents of human poison and human 
population effects are evaluated in conjunction with mammalian toxicity data. 

The Office of Prevention, Pesticides and Toxic Substances (OPPTS), the U.S. EPA department 
responsible for developing test guidelines relating to pesticides, is now named the Office of 
Chemical Safety and Pollution Prevention (OCSPP), though guidelines are still often labeled using 
the acronym OPPTS. The OCSPP recently “harmonized” multiple test guidelines, which are listed and 
linked to pdf documents at http://www.epa.gov/ocspp/pubs/frs/home/ guidelin.htm. Harmonized 
human health effects test guidelines are as linked in Series 870. Similarly, U.S. EPA Endocrine 
Disruptor Screening Program (EDSP) guidelines are in series 890, with current EDSP information 
found at: http://www.epa.gov/scipoly/oscpendo/index.htm. Alternatively, guidelines can be located 
directly at www.regulations.gov by OPPTS number. 

5.17.2.1.2.1  Form Equivalency  
When initial studies were conducted for the registration of a new active ingredient, chemical 

and toxicology properties were compared to any similar active ingredients already registered, in 
order to assess for chemical equivalency. Currently, for example, nine active ingredients exist in the 
2,4-D case file, including an acid, salts, and esters, and these forms were all found to have 
equivalent properties, with only a few exceptions (WHO 1996, 1997, 1998 as referenced in USDA/FS 
2006a). Generally speaking, when multiple active ingredients are found to be equivalent in chemical 
properties and toxicity, the group was discussed generically, such as 2,4-D, without specifying form 
information. Moreover, in these cases data from one active ingredient form is chosen to represent 
the group of active ingredients, with any equivalency exceptions being clearly disclosed in risk 
assessment documents. 

Like 2,4-D, the acid forms of borax, clopyralid, glyphosate and imazapyr are generally 
representative toxicologically to salt forms proposed for use in this PEIR. On the other hand, the BEE 
and TEA forms of triclopyr are not always toxicologically equivalent to the acid form, so each of 
these two active ingredients are usually considered separately in USDA/FS and U.S. EPA documents. 
Hexazinone and sulfometuron methyl are each only used as a single active ingredient. Any 
important exceptions to these generalizations are clarified as needed. 

5.17.2.1.2.2  Acute Toxicity 
Acute toxicity is determined for oral, dermal, inhalation, and ocular routes of exposure. In 

general, exposure during these studies is by a single dose of the chemical agent. For background 
information regarding acute toxicity testing, refer to the U.S. EPA’s guidelines (OPPTS 870.1000). 

http://www.epa.gov/ocspp/pubs/frs/home/guidelin.htm
http://www.epa.gov/scipoly/oscpendo/index.htm
http://www.regulations.gov/
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Acute oral and dermal toxicity studies assess systemic effects of exposure to the chemical 
agent. Results are quantified using “Lethal Dose 50” (LD50), which estimates the amount of a 
pesticide per test animal bodyweight (usually displayed as mg/kg) required to kill 50% of a test 
animal population over a specific period of time (WHO 2009; Marer 1999). For acute oral testing, 
rodents (preferably rats) are usually fed a single dose of the chemical agent by gavage (OPPTS 
870.1100) and observations are made to document any signs of systemic toxicity. For the acute 
dermal toxicity test, chemicals are applied to the skin in graduated doses to several groups of 
experimental animals (usually albino rabbits), with one dose being used per group and the study is 
typically conducted for 14 days (OPPTS 870.1200). Results establish a baseline systemic toxicity (via 
LD50) and effects resulting from exposure. Sometimes detailed information on absorption is also 
obtained from this study.  

Skin is also tested for irritation and sensitization effects. When assessing dermal irritation the 
test animal (usually a rabbit) has the chemical applied directly to only one patch of shaven skin and 
an area of the skin without chemical treatment serves as the control (OPPTS 870.2500). This study 
determines if the chemical causes irritation and/or corrosion to the skin, as well as 
irreversibility/reversibility of the effects, for no more than 14 days. Dermal sensitizations studies 
typically use one of three methods, with the most common being the Guinea-Pig Maximization Test 
(GPMT), which is the test used for active ingredients assessed in this PEIR (OPPTS 870.2600). The 
GPMT is intended to test for whether the test agent is likely to cause or elicit skin sensitization 
reactions (allergic contact dermatitis). This study may also indicate systemic toxicity symptoms 
associated with repeated exposures to the chemical agent. Dermal sensitization is categorized as 
either being present or absent. 

Like oral and dermal tests, the acute inhalation and eye irritation tests follow standard 
protocols. Unlike acute oral tests, however, inhalation is measured by “Lethal Concentration 50” 
(LC50), which is typically measured by the concentration of a chemical in the air (mg of chemical per 
liter of air) that it takes to kill 50% of the test animals over a set time (WHO 2009; Marer 1999). 
Acute inhalation studies are intended to determine the effects and mortality from inhaling pesticide 
vapor using graduated dosing with rodents (OPPTS 870.1300). In general, chemicals have greater 
toxicity via inhalation relative to ingestion (oral) routes of exposure, due to factors such as more 
rapid absorption and distribution of the chemical through the body. The eye irritation studies 
measure whether the test chemical has irritating or corrosive effects on the eye and if effects are 
reversible, usually by adding test material to one eye of a rabbit, while the other eye serves as a 
control (OPPTS 870.2400). Observations of the eyes are taken anywhere from 72 hours to 21 days 
after application.  

Results from each study discussed above, with the exception of dermal sensitization, are 
categorized into one of four toxicity categories, in order to easily compare relative acute toxicity 
from each potential exposure route (Table 5.17.12). During studies any behavioral or physiological 
changes (e.g. gross lesions, body weight changes) are evaluated, as well as the reversibility of 
observed anomalies, animal mortality, and any other toxic effects. The U.S. EPA uses initial acute 
toxicity categories to establish dosing information for chronic and subchronic testing, as well as to 
establish an overall hazard potential of the chemical agent and to determine label requirements.  
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Acute toxicity category information, as well as inert ingredient information, is also used to 
determine product labeling requirements. The U.S. EPA requires that all chemicals that are 
considered to have toxic properties have a precautionary statement on the label. This statement is 
determined by the acute test with the most severe toxicity category, or the presence of a special 
inert at a concentration of 4% or more (U.S. EPA no date). Labels for each category are as follows:   

 Toxicity Category I or special inert DANGER 

 Toxicity Category II  WARNING  

 Toxicity Category III CAUTION 

 Toxicity Category IV None Required 

Though a signal word is not required if a chemical meets Category IV criteria, when a signal 
word is used the word must be CAUTION (U.S. EPA N.D.). In addition to this labeling, the term 
POISON, as well as a skull and crossbones symbol, are required by the U.S. EPA if either a) any of the 
acute dermal, oral, or inhalation tests result in a Toxicity Category I classification, or b) there is 4% 
or more of a known toxic inert, particularly methanol, in any formulation (see Table 5.17.13 for 
labeling examples). This additional labeling must be in red on a contrasting background. All pesticide 
labels must have a “Keep out Of Reach of Children” warning (U.S. EPA N.D.).  
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Table 5.17.12 
Acute Toxicity Criteria Used by the U.S. EPA for Pesticide Classification & Labeling 

Study Category I               
DANGER 

Category II                       
WARNING 

Category III                     
CAUTION 

Category IV                
Not Required 

Acute Oral Toxicity                                                                            
OPPTS 870.1100 

≤ 50 mg/kg                     
body weight 

> 50 - 500 
mg/kg                  

body weight 

> 500 - 5,000 
mg/kg                         

body weight 

> 5,000 mg/kg                
body weight  

Acute Dermal 
Toxicity                                                                         

OPPTS 870.1200 

≤ 200 mg/kg             
body weight  

> 200 - 2,000 
mg/kg     body 

weight 

> 2,000 - 5,000 
mg/kg   body 

weight 

> 5,000 mg/kg             
body weight 

Acute Inhalation* 
Toxicity                            

OPPTS 870.1300 
≤ 0.05 mg/liter > 0.05 - 0.5 

mg/liter > 0.5 - 2 mg/liter > 2 mg/liter 

Acute Eye Irritation                                                       
OPPTS 870.2400 

Corrosive 
(irreversible 

destruction of 
ocular involvement 

or irritation 
persisting for more 

than 21 days 

Corneal 
involvement or 

other eye 
irritation 

clearing in 8-21 
days 

Corneal 
involvement or 

other eye irritation 
clearing in 7 days 

or  less 

Minimal effects 
Clearing in Less 
than 24 hours 

Acute Skin 
Irritation       OPPTS 

870.2500 

Corrosive (tissue 
destruction into 

the dermis and/or 
scarring) 

Severe irritation 
at 72 hours 

(severe 
erythema or 

edema) 

Moderate irritation 
at 72 hours 
(moderate 
erythema) 

Mild or slight 
irritation at 72 

hours (no irritation 
or slight erythema) 

*4 hr exposure; Adapted from U.S. EPA N.D., Table 1, p. 7-2 to 7-3. The dermal sensitization results are not used for 
labeling information 
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Table 5.17.13 
Examples of U.S. EPA Signal Word Determination 

Type of Study Product A Product B Product C* Product D Product E* 
Acute Oral 

Toxicity         III IV I* III II 

Acute Dermal 
Toxicity   IV III III IV II 

Acute Inhalation 
Toxicity  III IV III III II 

Acute Eye 
Irritation III II I I II 

Acute Skin 
Irritation   IV IV II IV II 

Special Inert, e.g., 
methanol No No No No Yes* 

SIGNAL WORD CAUTION WARNING DANGER & 
POISON DANGER DANGER &  

POISON 

Source: U.S. EPA N.D., Table 2, p 7-4. *Product C and Product E must have additional labeling of a skull & 
crossbones symbol in close proximity to the word "POISON". This is as a result of Product C having a Category I 
classification for one of the first three acute toxicity studies (oral in this case) and Product E being made of at least 
4% of a special inert.  

During U.S. EPA pesticide evaluation processes, most relevant registrant-submitted studies and 
any new information are continuously reviewed. The most current findings for each active 
ingredient proposed for use are in Table 5.17.14. All chemicals potentially used under the Proposed 
Program and Alternatives have low (Categories III or IV) acute oral, dermal and inhalation toxicity 
and also low (all Category IV) acute dermal irritation. Acute eye irritation is minimal (Category III) for 
2,4-D EHE, monoethanolamine salt of clopyralid, glyphosate, sulfometuron methyl, and triclopyr 
BEE. Acute eye irritation is moderate (Category II) for NP9E, and thus products with this active 
ingredient must have a WARNING on the label. However, acute eye irritation is high (Category I) for 
2,4-D DMA, borax, clopyralid acid, hexazinone, and triclopyr TEA, and thus products with these 
active ingredients must have DANGER on the label. Imazapyr is listed as Category I or III, depending 
on the percent of technical grade active ingredient used in the test study. Proposed chemicals are 
not dermal sensitizers, with the exceptions of triclopyr BEE and TEA. Nonylphenol and its 
ethoxylates (on average 9 ethoxylates, so abbreviated NP9E) are severe eye and skin irritants, but 
this chemical mixture is not a skin sensitizer. There is currently no inhalation study for NP9E. Given 
the low acute oral, dermal, and inhalation toxicity, none of the proposed chemicals are required to 
be labeled with the word POISON and a skull and crossbones, according to U.S. EPA regulations, 
unless a particular formulation has a special inert that warrants additional labeling. 
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Table 5.17.14 
Acute Toxicity of Proposed Chemicals According to the U.S. EPA [*, 1] 

Acute Oral Toxicity  
OPPTS 870.1100        MRID Results Toxicity 

Category Reference 

2,4-D, acid 00101605 rat LD50 = 639 mg/kg III U.S. EPA 2005d, Table 6, p. 16 
2,4-D, dimethylamine salt 
(DMA) 00157512 rat LD50 = 949 mg/kg III U.S. EPA 2005d, Table 6, p. 16 

2,4-D, 2-ethylhexyl ester 
(EHE) 41209001 rat LD50 = 896 mg/kg III U.S. EPA 2005d, Table 6, p. 16 

Boric acid 
00006719 

rat LD50 males = 3,450 mg/kg    
rat LD50 females = 4,080 

mg/kg III U.S. EPA 2006e, Table 1, p. 3 

00064208 beagle dog LD50 > 631 mg/kg 

Borax, sodium tetraborate 
decahydrate 

40692303 
rat LD50 males = 4,550 mg/kg     

rat LD50 females = 4,980 
mg/kg III U.S. EPA 2006e, Table 2, p. 3 

40692304 dog LD50 > 974 mg/kg 

Clopyralid, acid 41641301 rat LD50 > 5,000 mg/kg  (M+F) IV U.S. EPA 2009b, Table A2.a, p. 
27 

Clopyralid, 
monoethanolamine salt 00147690 rat LD50 > 5,000 mg/kg IV SERA 2004a, Table Appendix 1, 

Appendix 1-1 
Glyphosate [2] 41400601 LD50 > 5,000 mg/kg IV U.S. EPA 2006b, Table 4.1a, p. 9 

Hexazinone 41235004 rat LD50 = 1,200 mg/kg III U.S. EPA 2010d, Table 4, p. 16 

Imazapyr 41551002                  
93048016 rat LD50 > 5,000 mg/kg IV U.S. EPA 2005c, Table 4.1a, p. 15 

Sulfometuron methyl 43089201 rat LD50 > 5,000 mg/kg (M+F) IV U.S. EPA 2008a, Table 2, p. 8 
Triclopyr, butoxyethyl ester 
(BEE) 40557004 rat LD50 = 578 mg/kg (F) III SERA 2011, Appendix 2, Table 1, 

p. 3 
Triclopyr, triethylamine 
salt (TEA) 41443301 rat LD50 = 1,847 mg/kg (F) III U.S. EPA 1998, Table 3, p. 7; 

SERA 2011d, p. 21 

NP9E none 
rat LD50 = 1,410-5,600 mg/kg 

rabbits, mice LD50 = 620 – 
4,400 mg/kg 

III USDA/FS 2003b, Appendix 3-
Table 1, p. A-12 

Acute Dermal Toxicity  
OPPTS 870.1200        

MRID Results Toxicity 
Category Reference 

2,4-D, acid 00101596 rabbit LD50 > 2,000 mg/kg III U.S. EPA 2005d, Table 6, p. 16 
2,4-D, dimethylamine salt 
(DMA) 00157513 rabbit LD50 > 1,829 mg/kg III U.S. EPA 2005d, Table 6, p. 16 

2,4-D, 2-ethylhexyl ester 
(EHE) 41209002 rabbit LD50 > 2,000 mg/kg III U.S. EPA 2005d, Table 6, p. 16 

Boric acid 00106011 rabbit LD50 > 2,000 mg/kg III U.S. EPA 2006e, Table 1, p. 3 
Borax, sodium tetraborate 
decahydrate 43553201 rabbit LD50 > 2,000 mg/kg III U.S. EPA 2006e, Table 2, p. 3 

Clopyralid, acid 41641302 
rat LD50 males > 5,000 mg/kg    

rat LD50 females > 5,000 
mg/kg 

IV U.S. EPA 2009b, Table A2.a, p. 
27 
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Clopyralid, 
monoethanolamine salt none None IV U.S. EPA 2009b, p. 8 

Glyphosate 41400602 LD50 > 5,000 mg/kg IV U.S. EPA 2006b, Table 4.1a, p. 9 

Hexazinone 00104974 rabbit LD50 > 5,278 mg/kg IV U.S. EPA 2010d, Table 4, p. 16 

Imazapyr 41551003                  
93048017 rabbit LD50 > 2,000 mg/kg III U.S. EPA 2005c, Table 4.1a, p. 15 

Sulfometuron methyl [3] 43089202 rabbit LD50 > 2,000 mg/kg III U.S. EPA 2008a, Table 2, p. 8 
Triclopyr, butoxyethyl ester 
(BEE) 40557005 rabbit LD50 > 2,000 mg/kg III U.S. EPA 1998, Table 4, p. 7, 187 

& 199 
Triclopyr, triethylamine 
salt (TEA) 41443302 rabbit LD50 > 2,000 mg/kg III U.S. EPA 1998, Table 3, p. 7, 180 

& 201 

NP9E none rabbit LD50 > 2,830 mg/kg  III USDA/FS 2003b, Appendix 3, 
Table 1, p. A-12 

Acute Inhalation 
Toxicity  

OPPTS 870.1300    
MRID Results Toxicity 

Category Reference 

2,4-D, acid 00161660 rat LC50 > 1.79 mg/L III U.S. EPA 2005d, Table 6, p. 16 
2,4-D, dimethylamine salt 
(DMA) 00157514 rat LC50 > 3.5 mg/L IV U.S. EPA 2005d, Table 6, p. 16 

2,4-D, 2-ethylhexyl ester 
(EHE) 42605202 rat LC50 > 5.4 mg/L IV U.S. EPA 2005d, Table 6, p. 16 

Boric acid 00005592 rat LC50 > 0.16 mg/L (no 
deaths) II [4] U.S. EPA 2006e, Table 1, p. 3 

Borax, sodium tetraborate 
decahydrate 43500801 rat LC50 > 2.03 mg/L IV SERA 2006a, p. Appendix 1-17 

Clopyralid, acid 41848300 rat LC50 males > 5.0 mg/L 
(M+F) IV U.S. EPA 2009b, Table A2.a, p. 

27 
Clopyralid,  
monoethanolamine salt none none IV U.S. EPA 2009b, p. 8 

Glyphosate [5] none LC50 requirement waived none U.S. EPA 2006b, Table 4.1a, p. 9 

Hexazinone [6] 41756701 rat LC50 > 3.94 mg/L (4 hr) III U.S. EPA 2010d, Table 4, p. 16 

Imazapyr 00132032                  
93048018 

rat LC50 > 1.3 mg/L 
(gravimetric) rat LC50 > 5.1 

mg/L (nominal) 
III  U.S. EPA 2005c, Table 4.1a, p. 15 

Sulfometuron methyl 43089203 rat LC50 > 5.0 mg/L IV U.S. EPA 2008a, Table 2, p. 8 
Triclopyr, butoxyethyl ester 
(BEE) 40557006 rat LC50 > 4.8 mg/L IV U.S. EPA 1998, Table 4, p. 7 & 

187 
Triclopyr, triethylamine 
salt (TEA) 41443303 rat LC50 > 2.6 mg/L IV U.S. EPA 1998, Table 3, p. 7 & 

181   
NP9E none none NA no data 

Acute Eye Irritation 
OPPTS 870.2400         

MRID Results Toxicity 
Category Reference 

2,4-D, acid 41125302 rabbit - severe eye irritant I U.S. EPA 2005d, Table 6, p. 16 & 
250 

2,4-D, dimethylamine salt 
(DMA) 00157515 rabbit - severe eye irritant I U.S. EPA 2005d, Table 6, p. 16 & 

249 
2,4-D, 2-ethylhexyl ester 44725303 rabbit - not an eye irritant III U.S. EPA 2005d, Table 6, p. 16 & 
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(EHE) 264 

Boric acid 00064209 rabbit - conjunctiva irritation 
clearing by Day 4 III U.S. EPA 2006e, Table 1, p. 3 

Borax, sodium tetraborate 
decahydrate 43553203 rabbit - corrosive I U.S. EPA 2006e, Table 2, p. 3 

Clopyralid, acid 41641304 rabbit - severe irritation at 7 
days (corrosive) I U.S. EPA 2009b, Table A2.a, p. 

27 

Clopyralid, 
monoethanolamine salt none slight eye irritant or not 

irritant none U.S. EPA 2009b, p. 8 

Glyphosate 41400603 corneal opacity or irritation 
clearing in 7 days or less III U.S. EPA 2006b, Table 4.1a, p. 9 

Hexazinone 00106003 rabbit - severe irreversible 
corneal opacity I U.S. EPA 2010d, Table 4, p. 16 

Imazapyr 

41551001             
93048019 

rabbit - 2/6 with corneal 
opacity at 21 days; discharge 

in 1/6 at 21 days; 
vascularization of cornea in 

1/6 at 21 days;                       
irreversible eye damage 

I                         
Tested with 

99.3% 
technical 

fine powder U.S. EPA 2005c, Table 4.1a, p. 15 

Accession #   
252004 

rabbit - corneal opacity 
cleared within 72 hrs; 

conjunctivitis reversible by 
day 7 

III                                   
Tested with 

93% 
technical 

Sulfometuron methyl 00071412 rabbit - minimally irritating III U.S. EPA 2008a, Table 2, p. 8 
Triclopyr, butoxyethyl ester 
(BEE) 40557007 rabbit - minimally irritating III U.S. EPA 1998, Table 4, p. 7 & 

187 
Triclopyr, triethylamine 
salt (TEA) 41443304 rabbit - corrosive I U.S. EPA 1998, Table 3, p. 7 & 

181 

NP9E none rabbit - moderate to highly 
irritating II USFS/FS 2003b, Appendix 3, 

Table 1, p. A-12 

Acute Dermal Irritation 
OPPTS 870.2500      

MRID Results Toxicity 
Category Reference 

2,4-D, acid 42232701 rabbit - unacceptable test none U.S. EPA 2005d, Table 6, p. 16 & 
268 

2,4-D, dimethylamine salt 
(DMA) 00157516 rabbit - slight skin irritant IV U.S. EPA 2005d, Table 6, p. 16 & 

250 
2,4-D, 2-ethylhexyl ester 
(EHE) 41413505 rabbit - not a skin irritant IV U.S. EPA 2005d, Table 6, p. 16 & 

253 
Boric acid 00106011 rabbit - skin irritant III U.S. EPA 2006e, Table 1, p. 3 
Borax, sodium tetraborate 
decahydrate 43553202 rabbit - not a skin irritant IV U.S. EPA 2006e, Table 2, p. 3 

Clopyralid, acid 41641305 rabbit - not a skin irritant IV U.S. EPA 2009b, Table A2.a, p. 
27 

Clopyralid, 
monoethanolamine salt none not a skin irritant IV U.S. EPA 2009b, p. 8 

Glyphosate 41400604 mild or slight skin irritant  IV U.S. EPA 2006b, Table 4.1a, p. 9 

Hexazinone 00106004 rabbit - mild skin irritant IV U.S. EPA 2010d, Table 4, p. 16 
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Imazapyr 41551004                 
93048020 

rabbit - non-irritating to slight 
erythema and edema IV U.S. EPA 2005c, Table 4.1a, p. 15  

Sulfometuron methyl 41672808 rabbit - not a skin irritant [3] IV U.S. EPA 2008a, Table 2, p. 8 
Triclopyr, butoxyethyl ester 
(BEE) 40557008 rabbit - not a skin irritant IV U.S. EPA 1998, Table 4, p. 7 & 

187 
Triclopyr, triethylamine 
salt (TEA) 41443305 rabbit - not a skin irritant IV U.S. EPA 1998, Table 3, p. 7 & 

181  

NP9E none rabbit - minimally to severely 
irritating II USFS/FS 2003b, Appendix 3, 

Table 1, p. A-12 

Skin Sensitization 
OPPTS 870.2600 

MRID Results Toxicity 
Category Reference 

2,4-D, acid 00161659 guinea pig - not a skin 
sensitizer N/A U.S. EPA 2005d, Table 6, p. 17 & 

249 
2,4-D, dimethylamine salt 
(DMA) 41642805 guinea pig – unacceptable test N/A U.S. EPA 2005d, Table 6, p. 17 & 

255 
2,4-D, 2-ethylhexyl ester 
(EHE) 41209006 guinea pig – unacceptable test N/A U.S. EPA 2005d, Table 6, p. 17 & 

251 

Boric acid / Sodium borate 
salts none no evidence of absorption 

across intact skin N/A U.S. EPA 2006e, Table 3, p. 6 

Clopyralid, acid 41641306 guinea pig - not a skin 
sensitizer N/A U.S. EPA 2009b, Table A2.a, p. 

27 
Clopyralid, 
monoethanolamine salt none not a skin sensitizer N/A U.S. EPA 2009b, p. 8 

Glyphosate 41642307 guinea pig - not a skin 
sensitizer N/A U.S. EPA 2006b, Table 4.1a, p. 9 

Hexazinone 4123005 guinea pig - not a skin 
sensitizer N/A U.S. EPA 2010d, Table 4, p. 16 

Imazapyr 00131607                 
93048021 

guinea pig - not a skin 
sensitizer N/A U.S. EPA 2005c, Table 4.1a, p. 15  

Sulfometuron methyl [7] 43089204 [guinea pig] - not a dermal 
sensitizer N/A U.S. EPA 2008a, Table 2, p. 8 

Triclopyr, butoxyethyl ester 
(BEE) 40557009 guinea pig - sensitizer N/A U.S. EPA 1998, Table 4, p. 7 & 

187 
Triclopyr, triethylamine 
salt (TEA) 41443306 guinea pig - sensitizer N/A U.S. EPA 1998, Table 3, p. 7 & 

181  

NP9E none guinea pig - not a skin 
sensitizer N/A U.S. EPA 2009f, Table 4, p. 33 & 

38 
 *2,4-D acid, boric acid, and clopyralid acid were shown for comparison purposes and are not proposed for use in this program. [1] Technical 
grade active ingredient (TGAI) was specified as used for all acute toxicity tests of imazapyr and sulfometuron methyl (SMM: at least 98.8%, 
purity), triclopyr (BEE: 97.1% a.i. & TEA: 44.4% a.i.) and, though not specified in all U.S. EPA documents, use of TGAI is likely for other 
ingredients as well. [2] All glyphosate salts disassociate to the acid and associated ions (FR 2007), and thus independent hazard 
characterization and toxicology studies are not required for each salt active ingredient. [3] From the sulfometuron methyl R.E.D. (U.S. EPA 
2008a): "Minimal skin irritation was [also] noted in the acute dermal toxicity study [using rats] (MRID No. 43089202) and an older dermal 
irritation study [using rabbits] of a 75% formulation (MRID No. 00071411)". [4] The TRED report (U.S. EPA 2006e, p. 3, Table 1) expressed 
values show, though the U.S. EPA Health Effects Division stated in the earlier preparation documents “[b]oric acid is classified as Toxicity 
Category II by the inhalation route but only a single dose was tested and an LC50 was not determined”, and the subsequent R.E.D. scoping 
document (U.S. EPA 2009a, p. 2) listed inhalation as Category III for both acid and borax inhalation. [5] Technical grade glyphosate was used as 
used for acute tests listed in the R.E.D. and it was specified the "[a]cute inhalation study was waived by the Agency since glyphosate 
technical is a nonvolatile solid and adequate inhalation studies were conducted on the end-use product formulations (U.S. EPA 
1993c)." [6] Given the test result, it is unclear why the acute inhalation was not listed as category III and not IV. [7] Incorrectly labeled as rabbit 
in original Table given, the Append. D citation specifies guinea pig. [4] The TRED report (U.S. EPA 2006e, p. 3, Table 1) expressed values show, 
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though the U.S. EPA Health Effects Division stated in the earlier preparation documents “[b]oric acid is classified as Toxicity Category II by the 
inhalation route but only a single dose was tested and an LC50 was not determined”, and the subsequent R.E.D. scoping document (U.S. EPA 
2009a, p. 2) listed inhalation as Category III for both acid and borax inhalation.  

The WHO, like the U.S. EPA, places pesticides in categories based on hazard potential and 
promotes the use of statements on labels that reflect chemical hazards (Table 5.17.15; also see 
WHO 2009). Since 1975 the WHO classification system has used five categories, rather than the U.S. 
EPA’s four, and precautionary language is required for all chemical products, even if found to be 
virtually non-toxic. Also different from the U.S. EPA classification system, the WHO primarily uses 
only oral and dermal acute toxicity test results to determine classification. The WHO (2009) did not 
find any chemicals potentially used in the Proposed Program and Alternatives to be extremely or 
highly hazardous (Table 5.17.17). 2,4-D, hexazinone, and triclopyr are categorized as moderately 
hazardous and borax, clopyralid and glyphosate are only slightly hazardous. Imazapyr and 
sulfometuron methyl were found to be unlikely to present acute hazard in normal use.  

In December of 2002 the WHO refined its classification system (see Table 5.17.16) when: 

. . the United Nations Committee of Experts on the Transport of Dangerous Goods and on 
the Globally Harmonized System of Classification and Labeling of Chemicals (UNCETDG/GHS) 
approved a document called “The Globally Harmonized System of Classification and Labeling 
of Chemicals” with the intent to provide a globally-harmonized system1 (GHS) to address 
classification of chemicals, labels, and safety data sheets. The GHS (with subsequent 
revisions) is now being widely used for the classification and labeling of chemicals worldwide . 
For this revision of the Classification the WHO Hazard Classes have been aligned in an 
appropriate way with the GHS Acute Toxicity Hazard Categories for acute oral or dermal 
toxicity as the starting point for allocating pesticides to a WHO Hazard Class (with 
adjustments for individual pesticides where required) . It is anticipated that few of the more 
toxic pesticides will change WHO Hazard Class as a result of this change. (WHO 2009) 

The WHO classifications are for the active ingredients only and are not for any specific 
formulation. The final classification of these chemicals might be different, depending upon their 
formulation. However, evidence suggests that overall, whether assessed by the U.S. EPA or the 
WHO, chemicals potentially used in the Proposed Program and Alternatives do not pose a high 
acute toxicity hazard except for those few that are severely or moderately irritating to the eye. 
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Table 5.17.15 
Acute Toxicity Criteria Used by the WHO for Pesticide Hazard Classification                          

Study 
Class Ia                

Extremely 
Hazardous 

Class Ib                          
Highly             

Hazardous 

Class II                       
Moderately 
Hazardous 

Class III                       
Slightly              

Hazardous 

Class U                             
Unlikely to 

Present acute 
Hazard 

Acute Oral Toxicity                
(rat LD50) 

< 5 mg/kg            
body weight 

5 - 50 mg/kg                    
body weight 

50 - 2,000 mg/kg                
body weight 

Over 2,000 
mg/kg                 

body weight 

5,000 mg/kg 
body weight or 

higher 
Acute Dermal 

Toxicity                   
(rat LD50) 

< 50 mg/kg                            
body weight 

50 - 200 mg/kg                  
body weight 

200 - 2,000 
mg/kg               

body weight 

Over 2,000 
mg/kg             

body weight 

5,000 mg/kg 
body weight or 

higher 
WHO = World Health Organization; Adapted from WHO 2009, p. 10 
 
 
 

Table 5.17.16 
Acute Toxicity Criteria Used by the WHO for the Globally Harmonized System (GHS) for Pesticide Hazard 
Classification                          

Study 

 Category 1                        
Fatal if 

Swallowed or 
in Contact 
with Skin 

 Category 2                        
Fatal if 

Swallowed or 
in Contact with 

Skin 

 Category 3                        
Toxic if 

Swallowed or in 
Contact with 

Skin 

 Category 4                        
Harmful if 

Swallowed or in 
Contact with 

Skin 

 Category 5                        
May Be 

Harmful if 
Swallowed or 

in Contact 
with Skin 

Acute Oral Toxicity                
(rat LD50) 

< 5 mg/kg         
body weight 

5 - 50 mg/kg                    
body weight 

50 - 300 mg/kg                
body weight 

Over 300 - 2,000 
mg/kg body weight 

2,000 - 5,000 
mg/kg body 

weight 
Acute Dermal 

Toxicity                   
(rat & rabbit LD50) 

< 50 mg/kg                            
body weight 

50 - 200 mg/kg                  
body weight 

200 - 1,000 mg/kg               
body weight 

Over 1,000 - 2,000    
mg/kg body weight 

2,000 - 5,000 
mg/kg body 

weight 

WHO = World Health Organization; Adapted from WHO 2009, p. 10 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 47 

 

 

Table 5.17.17 
Acute Toxicity of Chemicals Potentially Used Under the Proposed Program & Alternatives, as Reported by the WHO 1/ 

Common 
Name             

as Listed by 
WHO  

Equiv. Names Used 
by U.S. EPA CAS no 

Classification LD50    
mg/kg WHO Remarks Reference 

WHO  GHS 

2,4-D [ISO] * 2,4-D, acid 94-75-7 II  375 
DS 37; EHC 29, 84; HSG 5; 
IARC 41, Suppl. 7; ICSC 33; 

JMPR 1998b 

WHO 2009, Table 3, p. 
26 

Borax [ISO] 
Borax, sodium 

tetraborate 
decahydrate 

1303-96-4 III 5 4,000 ICSC 567 WHO 2009, Table 4, p. 
34 

Clopyralid 
Clopyralid, 

monoethanolamine 
salt 

57754-85-5 III 5 4,300 Severe irritant to eyes; 
ICSC 443 

WHO 2009, Table 4, p. 
35 

Glyphosate 
[ISO] Glyphosate 1071-83-6 III 5 4,230 EHC 159, DS 91; ICSC 160; 

JMPR 1987a 
WHO 2009, Table 4, p. 

36 
Hexazinone 

[ISO] Hexazinone 
51235-04-2 

II 4 1,690  WHO 2009, Table 3, p. 
28 

Imazapyr Imazapyr (CAS # 
Arsenal) 81334-34-1 U 5 > 5,000 Irritant to eyes WHO 2009, Table 5, p. 

42 

Sulfometuron Sulfometuron methyl 74223-56-6 U 5 > 5,000  
WHO 2009, Table 5, p. 

45 

Triclopyr [ISO] Triclopyr (salts and 
esters) 55335-06-3 II 4 710  WHO 2009, Table 3, p. 

32 

WHO = World Health Organization; Information adapted from WHO 2009; See Table 5.17.8 for WHO Classification definitions. Sulfometuron methyl (CAS no. 
74222-97-2) not listed, though Sulfometuron (CAS no. 74222-97-2) was listed as a Classification U - Unlikely to present acute hazard in normal use. * 2,4- D is 
a Phenoxyacetic acid derivative. TERMS:  DS denotes a WHO/FAO Data Sheet on Pesticides, EHC an Environmental Health Criteria monograph, HSG = Health 
and Safety Guide, IARC  Monographs on the Evaluation of Carcinogenic Risks to Humans, ICSC an International Chemical Safety Card, JMPR an evaluation by 
the Joint FAO/WHO Meeting on Pesticide Residues. [ISO] denotes common name of the a.i. approved by the International Organization for Standardization. 
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5.17.2.1.2.3  Subchronic and Chronic Toxicity 
Subchronic and chronic toxicity studies form the basis of most quantitative values used in risk 

assessments. In contrast to acute testing, subchronic and chronic testing involves laboratory animals 
being given repeated doses. At least two different chemical doses are tested on separate, but 
otherwise identical, same-sexed groups of animals for both subchronic and chronic tests.  

Subchronic and chronic toxicity are typically measured by determining the No-observed-
adverse-effect-level (NOAEL) or No-observed-adverse-effect-concentration (NOAEC), which is 
defined as “effects that are attributable to treatment but do not appear to impair the organism's 
ability to function and clearly do not lead to such an impairment” (SERA 2012). The measure of 
lowest-observed-adverse-effect-level or concentration (LOAEL or LOAEC) is also often used, and is 
defined as the lowest exposure level or concentration associated with an adverse effect (SERA 
2012). NOAELs/NOAECs and LOAELs/LOAECs are usually expressed as milligrams of chemical per 
kilogram of test animal body weight per day and notated as mg/kg bw/day (or just mg/kg bw). This 
section summarizes general signs of systemic toxicity and quantifies no-observable-adverse-effect 
levels (NOAELs) for the identified endpoints, as well as levels associated with adverse effects such as 
LOAELs. 

Subchronic tests may include repeated doses via consumption in 28-day (OPPTS 870.3050) or 
90-day studies, using rodents - preferably rats - (OPPTS 870.3100), as well as a 90-day study using a 
non-rodent species, which is typically dog (OPPTS 870.3150). Other subchronic studies include 
21/28-day and 90-day skin exposure tests using rats, rabbits, or guinea pigs (OPPTS 870.3200 and 
870.3250 respectively). Along with these tests, a 90-day inhalation study (OPPTS 870.3465) using a 
rodent species (preferably rats) may be conducted. Additionally, reproduction (including fertility) 
and development toxicity screening tests with repeat dosing are also completed using rats as part of 
the subchronic process (OPPTS 870.3550, 870.3800, 870.3700 and 870.3650). Symptoms of 
neurotoxicity, immune toxicity, and endocrine disruption are also evaluated as part of the 
subchronic and chronic testing suite. 

Chronic toxicity evaluates the effects of repeated daily exposure of experimental animals to a 
chemical by the oral, dermal, or inhalation routes of exposure for a minimum of 12 months (OPPTS 
870.4100). Chronic toxicity and carcinogenicity studies (OPPTS 870.4200) should be completed using 
two mammal species. Alternatively, registrants often examine both chronic toxicity and 
carcinogenicity of a chemical using a single combined study (OPPTS 870.4300). Chronic toxicity 
studies typically use rat and dog species, while rat and mice species are preferred in carcinogen 
studies. When the combined chronic toxicity and carcinogenicity alternative is used, rats are the 
preferred species for oral and inhalation routes of exposure and mice are preferred for dermal 
exposure (OPPTS 870.4300).  

No attempt is made in this document to display all completed subchronic and chronic toxicity-
associated studies, or all associated endpoints, as this is beyond the scope of this assessment. 
Instead, the most significant findings that resulted from subchronic and chronic dosing are 
summarized below (Table 5.17.18). For further details regarding endpoints for specific tests, refer to 
the U.S. EPA and SERA risk assessments referenced throughout this subchronic and chronic section 
and other sections below, which evaluate more specifically effects associated with reproduction and 
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development (Section 5.17.2.1.2.4), carcinogenicity and mutagenicity (Section 5.17.2.1.2.5), or 
effects on nervous (Section 5.17.2.1.2.6), immune (Section 5.17.2.1.2.7), and endocrine systems 
(Section 5.17.2.1.2.8). Since effects are only summarized, refer to the sources for information by the 
author(s) of the original study. 

2,4-D (Source: USDA/FS 2006a) - Dogs have been found to be more sensitive to 2,4-D than rats or 
mice, likely because dogs are unable to excrete organic acids. 2,4-D exposure was associated with 
decreases in body weight and food consumption, as well as adverse effects on the liver and 
kidneys at the LOAEL in canines (3-3.75 mg/kg/day) and rodents (75-100 mg/kg/day). Additional 
adverse effects observed in rats relate to changes to the thyroid organ and function, hematology, 
cholesterol and glucose metabolism, sex organs, eyes, adipose tissue, and lungs. Additional 
adverse effects in dogs relate to decreased blood glucose, brain and testes weights, hypo-
spermatogenesis and prostate inactivity.  

The acute, subchronic and chronic NOAEL in dogs was always 1 mg/kg/day, without having 
different effects at different dosages. The lack of dose response is likely due to renal clearance 
not occurring properly in dogs. For rats, which are more similar to humans, NOAEL values follow 
the more traditional pattern of being higher for subchronic (15 mg/kg/day) than chronic (5 
mg/kg/day) doses. 2,4-D has a limited potential to concentrate in the body, thus the NOAEL 
values do not suggest a strong dose-duration relationship. 

Other considerations regarding repeated doses of 2,4-D include systemic effects and 
inhalation. When evaluating systemic toxicity of 2,4-D though dermal acute exposure, 2,4-D acid, 
salts, and esters are considered practically non-toxic. The EHE form of 2,4-D did not demonstrate 
any signs of systemic toxicity at the highest dose level for a 21-day dermal exposure study. One 
death was observed during a similar study using an undisclosed “high dose” of 2,4-D DMA salt. 
While acute studies for 2,4-D inhalation indicate 2,4-D is low toxicity, there was a lack of 
repeated-exposure inhalation studies at the time the SERA risk assessment was written. 2,4-D 
dust in households may lead to higher levels of exposure than the estimated daily exposure of 
2,4-D from dietary sources.  

Borax (Source: SERA 2006a) - The developing fetus and the male reproductive system are the 
primary targets for borate-inducted toxicity during developmental, subchronic and chronic 
toxicity studies. Gestational exposure of rodents and rabbits to boric acid resulted in increased 
fetal deaths, decreased fetal weight, and increased fetal malformations (e.g. abnormalities of the 
eyes, skeleton, central nervous and cardiovascular system) in one or both species. Testicular 
atrophy, degeneration of the spermatogenic epithelium and spermatic arrest were observed 
during subchronic exposure of rats and dogs via food and water.  

Other considerations regarding repeated doses of 2,4-D, include systemic effects and 
inhalation. The acute dermal exposure for borax is rated as Category 3, as no significant signs of 
toxicity developed. Single dose inhalation exposure of borax resulted in ocular and nasal 
discharge, hunched posture, and hypoactivity. This limited data suggests that borax has the 
potential to cause irritant and systemic toxic effects following inhalation by laboratory mammals.  

Clopyralid (Source: SERA 2004a) - While several studies have been submitted to the U.S. EPA during 
registration, no studies are currently published as open literature. Some information is available 
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from the U.S. EPA as a result of reviews conducted for registration of new uses for clopyralid (e.g. 
U.S. EPA 2009b) since the 2004 Forest Service risk assessment was completed. 

Decreased body weight as well as increases in relative kidney and liver weights consistently 
result from dietary exposures to clopyralid, though when looking at the indicators for liver 
damage, histopathologic damage was not apparent. The U.S. EPA determined the chronic NOAEL 
to be 15 mg/kg/day based on gastric epithelial hyperplasma at the LOAEL of 150 mg/kg/day. 

Significance of effects during skin, eye, and inhalation studies varied for clopyralid. Persistent 
eye damage, characterized by redness, conjunctiva swelling and discharge, is known to result 
from directly applying clopyralid to the eye. While redness to the skin may occur just after 
application of clopyralid, there are no symptoms that indicate this chemical is a potent skin 
irritant for either the penta process clopyralid or electrochemical process clopyralid. The only 
effects noted during acute inhalation studies for registration were labored breathing and red 
stains around nares, as well as lung discoloration. 

Glyphosate (Source: SERA 2011b) - The U.S. EPA evaluated subchronic and chronic exposure during 
registration processes, using studies that tested with technical grade glyphosate. These studies 
are summarized in the SERA (2011b) risk assessment and associated appendix. Decreased body 
weight gain is the most consistent signs of subchronic, chronic, and reproductive exposure for 
test mammals (i.e. rats, mice and rabbits) using technical grade glyphosate. Decreases in body 
weight may be attributed to glyphosate possibly being an uncoupler of oxidative phosphorylation 
and/or may be secondary to decreased consumption of food. Other signs of toxicity resulting 
from technical grade glyphosate seem inconsistent, general and non-specific. Changes in liver 
weight, kidneys, and blood chemistry have been reported in some studies. 

Separate, more specific subchronic and chronic toxicity studies for each glyphosate 
formulation are not required for pesticide registration by the U.S. EPA, and thus no such studies 
have been identified in U.S. EPA reports. Only one study evaluating subchronic toxicity was 
discussed in the SERA (2011b) report as being found in open literature, though the study was on 
a Brazilian formulation and the study was ambiguous in several regards, including test doses 
used. Nevertheless, results of the study did not substantially differ from those in the studies 
submitted to the U.S. EPA, with liver pathology being observed only at the highest dose. No overt 
toxic effects were noted at dose up to 360 mg a.e./kg bw/day, which is consistent with the 
NOAEL of 500 mg a.e./kg bw/day from a 90-day study in mice submitted to the U.S. EPA.  

The primary signs of subchronic and chronic toxicity to the POEA surfactant included 
gastrointestinal irritation in rats and dogs. This effect was also noted and attributed to the POEA 
surfactant for humans in cases of suicidal ingestion of glyphosate formulations. The NOAEL of  
POEA in rats appears to be about 36 mg/kg bw. The studies inconsistently indicated that POEA by 
itself appears to be more toxic than technical grade glyphosate. Specific effects in dogs are well 
characterized, with the toxicity of POEA higher than technical grade glyphosate by a factor of 10, 
though results with other mammals are less clear. 

Hexazinone (Source: SERA 2005) - No studies indicate a specific target organ or mode of action. 
Decreases in body weight, increases in liver weight, and changes in blood enzyme levels 
associated with liver toxicity are the effects most commonly observed during long-term 
exposure. While the decrease in body weight often appears to be a secondary effect related to a 
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decrease in food consumption in dogs and rodents, evidence for female rats in one study 
suggests instead that decrease in body weight sometimes relates to food conversion efficiency 
(i.e. in female rats). Thus, the U.S. EPA used such weight-related evidence to establish a chronic 
RfD. 

Imazapyr (Source: SERA 2011c) - The commonality between all studies was the lack of any adverse 
effects noted at doses at about 2,000 mg/kg bw/day in rodents and about 250 mg/kg bw/day in 
dogs. Increased food consumption for rats and mice was sometimes observed, but there was no 
significant corresponding weight gain. The reasons behind these observations remain unclear. 
The NOAEL of 1,700 mg/kg bw/day was established based on the highest dose tested in rats. 
While the dog NOAEL is much lower, this is because of study design and doses used, rather than 
an indication of imazapyr being more toxic to dogs than other mammals. Nevertheless, the 
current chronic RfD of 2.5 mg/kg bw/day is from the study using dogs. 

NP9E (Source: USDA/FS 2003b) - Target organs for both NP9E and NP appear to be the liver and 
kidneys, based on subchronic and chronic exposure studies. The mitochondria of cells appeared 
to be affected by long-term NP exposure, though they were not affected with NP9E exposure. 
Subchronic and chronic studies of NP9E most commonly revealed changes to liver, kidney and 
sometimes spleen (e.g. increased weight), as well as weight loss in dogs and/or rats. As with 
NP9E, liver and kidney weights, as well as decreases in body weight and food consumption, 
appear to most commonly characterize subchronic and chronic exposure effects of NP. 

Sulfometuron methyl (Source: SERA 2004c) - Sulfometuron methyl toxicity often involves changes 
in blood and decreased body weight, though some other more general signs also occurred 
inconsistently. Changes in blood appear to be consistent with hemolytic anemia. Inconsistent 
symptoms of sulfometuron methyl include reduced testicular size in a rat, mild testicular lesions 
in another rat, increased alkaline phosphatase activity and increased serum cholesterol (in 
females), as well as decreased serum albumin and creatinine. Likewise, increased liver weights 
and thymus were also observed in particular sexes.  

Triclopyr (Sources: SERA 2011d, g) - When mammals are exposed to triclopyr, the kidneys appear to 
be the most targeted organ and dogs are more sensitive than other lab mammals tested. The 
LOEL in dogs is 2.5 mg/kg/day and is associated with phenolsulfonphthalein (PSP) urinary 
excretion, as well as reduced absolute and relative kidney weights. This value was initially used 
by the U.S. EPA to establish a provisional RfD of 0.025 mg/kg/day for humans. In a subsequent 
study, the same dose was associated with increases in serum urea nitrogen and creatinine in 
male dogs. This study resulted in the U.S. EPA lowering the provisional RfD to 0.005 mg/kg/day. 
Kidney effects were observed in rodents (i.e. hematological and histopathological changes and 
increased kidney weight) in a 90-day subchronic study at doses as low as 70 mg/kg/day. The 
other general systemic toxic effects of triclopyr are unremarkable. At high doses, signs of liver 
damage may be apparent, as well as decreases in food consumption, growth rate, and gross body 
weight. 
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Table 5.17.18 
Human Health Toxicological Reference Doses, Target Organs, and Endpoints of Chemicals Proposed for Use Under the Program 
& Alternatives 

Active 
Ingredient 

Exposure 
Scenario 

NOAEL 
Dose UF  RfD Dose  Study and Toxicological Effects 

Used For RfD 
Target Organs and Most 

Sensitive Endpoints References 

2,4-D 

Acute 

NOAEL= 
25 

mg/kg/da
y 

UF = 
1,00

0 

RfD = 
0.025 

mg/kg/day 

Developmental toxicity study in 
rats - LOAEL of 75 mg/kg/day based 
on skeletal abnormalities. 
Protective of females 13-50 years 
of age. Acute and chronic testing revealed 

reproductive tissues such as ovaries 
and testes are targeted by 2,4-D. 
Signs of toxicity during chronic 
studies, such as decreased testes 
and ovarian weights, occurred at 
doses of 75 and 3 mg/kg/day in rats 
and dogs respectively. 

USDA/FS 
2006a, p. 3-
15 & 3-38 

Chronic  
NOAEL= 5 
mg/kg/da

y 

UF = 
1,00

0 

RfD = 
0.005 

mg/kg/day 

Chronic toxicity study in rats - 
LOAEL of 75 mg/kg/day based on 
decreased body-weight gain and 
food consumption in females, 
alterations in hematology and 
clinical chemistry parameters, 
increased thyroid weights and 
decreased testes and ovarian 
weights. Represents all 
populations. 

Borax 

Acute chronic used[1] 

Two developmental toxicity 
studies in rats - LOAEL for each 
study ~13.6 and ~13.3 mg B/kg/day 
based on decreased fetal weight. 
One study lacked a defined NOAEL, 
while the other had one of 9.6 mg 
B/kg/day.  

The male reproductive system and 
the developing fetus appear to be 
the most sensitive endpoints, with 
the developing fetus more sensitive 
than the male reproductive system. 
Toxicity effects related to fetal 
development include fetal deaths, 
decreased in fetal weight, and 
increased fetal malformations. The 
testis is a primary target organ for 
borates based on atrophy, 
degeneration of the seminiferous 
epithelium, and sterility (i.e. NOAEC 
= 25 with an LOAEC of ~50 mg 

SERA 2006i, 
p. 3-8 & 3-21 

Chronic 

NOAEL= 
10.6 

mg/kg/da
y 

UF = 
66 

RfD = 0.2 
mg/kg/day 
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B/kg/day).  

Clopyralid  

Acute 

NOAEL= 
75 

mg/kg/da
y 

UF = 
100 

RfD = 0.75 
mg/kg/day  

Developmental toxicity studies in 
rats (gavage) - decreased maternal 
body-weight gain and reduced food 
consumption at the LOAEL of 250 
mg/kg/day. 

Only non-specific toxicity effects 
observed. Thus, no primary target 
organ is indicated during 
subchronic and chronic toxicity 
testing; anticipated exposures do 
not exceed the RfD values. 
Contamination of 
hexachlorobenzene and 
pentachlorobenzene is not 
significant in terms of potential 
systemic-toxic effects. 

SERA 2004a, 
p. 3-27 

Chronic 

NOAEL= 
15 

mg/kg/da
y 

UF = 
100 

RfD = 0.15 
mg/kg/day 

2-year combined 
chronic/carcinogenicity rat feeding 
study - histopathology in stomach 
at the LOAEL of 150 mg/kg/day. 

U.S. EPA 
2009b, p. 13 

Glyphosate 

Acute chronic used 

Developmental toxicity study in 
rabbits - LOAEL of 350 mg/kg/day 
based on diarrhea, nasal discharge 
and death in maternal animals. 
Both rabbit and rat dams appear 
more sensitive than offspring. 
Represents all populations. 

Chronic feeding/carcinogenicity 
studies in rats revealed systemic 
effects only at the highest test dose 
and LOAEL of 940 mg/kg/day, 
based on decreased body-weight 
gain in females and increased 
cataracts and lens abnormalities, 
decreased urinary pH, increased 
absolute liver weight, and 
increased relative liver 
weight/brain weight in males. 
Suggestions that glyphosate targets 
testes are not substantiated using 
U.S. formulations at doses below or 
equal to the NOAEL.  

SERA 2011b, 
p. 52, 61 & 

102 

Chronic 

NOAEL= 
175 

mg/kg/da
y 

UF = 
100 

RfD = 2.0 
mg/kg/day

 [2] 

U.S. EPA 
2009c, p. 5 & 

22 

Hexazinone  Acute 

NOAEL= 
400 

mg/kg/da
y 

UF = 
10 

RfD = 4.0 
mg/kg/day 

Developmental toxicity study in 
rats - LOAEL of 900 mg/kg/day 
based on decreased male and 
female fetal weight, kidneys with 

No effects were observed in 
reproductive tissues (i.e. testes and 
ovaries) that indicated direct 
toxicological effects of hexazinone 

SERA 2005, p. 
3-10 & 3-35 
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no papilla and misaligned 
sternebrae. Protective of females 
13-50 years of age 

exposure. Decrease weights of 
testes and other organs during a 
chronic feeding study with dogs, 
and multigenerational study with 
rats, appear to be incidental and 
not associated with organ specific 
toxicity. 

Chronic 

NOAEL= 
5.0 

mg/kg/da
y 

UF = 
10 

RfD = 0.05 
mg/kg/day 

Chronic dog feeding study - LOAEL 
of 41.24/37.57 (m/f) mg/kg/day 
based on severe body weight 
decrements and clinical chemistry 
changes. 

U.S. EPA 
2010d, p. 16 

Imazapyr 

Acute chronic used  
1-year dog feeding study - due to 
an absence of an appropriate 
endpoint attributable to a single 
dose, the USDA/FS used this study 
to establish both acute and chronic 
RfD values. No LOAEL was 
demonstrated with imazapyr at 
doses up to 250 mg/kg/day [the 
highest dose of the study]. 

The most remarkable aspect of all 
of the subchronic and chronic 
studies is the failure to note any 
adverse effects at doses of up to 
about 2000 mg/kg /day in rats and 
mice and about 250 mg/kg /day in 
dogs. 

SERA 2011c, 
p. 20 & 47 

Chronic 

NOAEL= 
250 

mg/kg/da
y 

UF = 
100 

RfD = 2.5 
mg/kg/day  

U.S. EPA 
2006d, p. 7 

NP9E 

Acute chronic used 

2-generation rat reproduction 
study (nonylphenol) - LOAEL of 50 
mg/kg/day, based on increases in 
pituitary weight (F0 males), 
decreased ovary weight (F0 
females), accelerated vaginal 
opening (F1 females), decreases in 
# of implanted and live F2 pups 
(NOAEL 10 mg/kg/day). 

In studies of nonylphenol, the 
kidney has been identified as a 
target organ based on increased 
kidney weight, tubular dilatation, 
and cyst formation. Evidence 
further suggests the liver is a target 
organ, which is indicated by effects 
such as decrease in liver 
polysaccharides at a dose of 50 
mg/kg/day (the LOAEL) in one 
study. 

USDA/FS 
2003b, p. 29 

Chronic 

NOAEL= 
10 

mg/kg/da
y 

UF = 
100 

RfD = 
0.10 mg/k

g/day 

3-generation rat reproduction 
study (nonylphenol) - LOAEL of 30 
mg/kg/day based on acceleration 
of vaginal opening by ~2 days and 
~6 days in F1, F2 and F3 
generations following dietary 
exposure at 30 and 100 mg/kg/day 
respectively (NOAEL ~9 
mg/kg/day). 

U.S. EPA 
2010f, p. 20 
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Sulfometuro
n methyl [3] 

Acute 

NOAEL= 
86.6 

mg/kg/da
y 

UF = 
100 

RfD = 
0.870 mg/

kg/day  

Acute teratology study in rats - 
NOAEL is based on decreased 
maternal and fetal body weights in 
rats after 10-day gestational 
exposure of dams. 

No specific organs appear to be 
targeted by sulfometuron methyl, 
though hemolytic anemia and 
decreased body-weight gain were 
found. These effects are the basis 
of the past acute and chronic RfD of 
0.27 mg/kg/day, which were 
derived from a study with a NOAEL 
of 27.5 mg/kg/day and LOAEL OF 
148.5 mg/kg/day in both sexes. It is 
plausible that effects on blood are 
likely, at least in part, to be 
attributable to sulfonamide and 
saccharin. 

SERA 2004c, 
p. 3-23 

Chronic 

NOAEL= 
2.0 

mg/kg/da
y 

UF = 
100 

RfD = 
0.02 mg/k

g/day 

2-year rat feeding study - NOAEL is 
based on hematological effects in 
male rats at higher doses, with a 
NOAEL of 3 mg/kg/day for 
comparable hematological effects  
in females. 

U.S. EPA 
2008a, p. 8 

TCP 

Acute 

NOAEL= 
25 

mg/kg/da
y 

UF = 
1000 

RfD = 
0.025 

mg/kg/day 

Developmental toxicity study in 
female rabbits - a LOAEL of 100 
mg/kg/day based birth defects 
including hydrocephaly and dilated 
ventricles. No dietary RfD is derived 
for members of the general 
population. 

3,5,6-trichloro-2-pyridinol (TCP) is a 
major metabolite of triclopyr in 
both mammals and the 
environment. This compound does 
not have the phytotoxic potency of 
triclopyr; however, according to the 
RfD values used by the U.S. EPA, 
TCP is more toxic than triclopyr to 
mammals and other aquatic 
animals. 

SERA 2011d, 
p. 16 & 71 

Chronic 

NOAEL= 
12 

mg/kg/da
y 

UF = 
1,00

0 

RfD = 
0.012 

mg/kg/day 

Chronic toxicity study in dogs - an 
LOAEL of 48 mg/kg/day is based on 
clinical chemistry.  

  

Triclopyr Acute 

NOAEL= 
100 

mg/kg/da
y 

UF = 
100 

RfD = 1.0 
mg/kg/day 

Developmental study in female 
rats with triclopyr BEE - NOT 
APPLICABLE TO FEMALES OF 
CHILDBEARING AGE. The more 
protective chronic RfD is used as 
the acute RfD for such females. The 
LOAEL is based on severe maternal 
toxicity. 

The liver and kidney are suggested 
to be primary target organs. Like 
most weak acids, triclopyr is 
excreted primarily in the kidney by 
an active transport process. At very 
high doses, this process may 
become saturated causing triclopyr 
to reach toxic levels. At sufficiently 

SERA 2011d, 
p. 71 & 232 
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Chronic 

NOAEL= 
5.0 

mg/kg/da
y 

UF = 
100 

RfD = 0.05 
mg/kg/day 

Two generation dietary 
reproduction study with triclopyr 
acid - this RfD is used for all 
occupational exposures, acute 
exposure for women of 
childbearing age and chronic 
exposure of individuals. The LOAEL 
is based on kidney  toxicity. 

high doses, triclopyr may cause 
toxic effects, including death. 
Nonetheless, triclopyr has a low 
order of acute lethal potency. The 
dog appears to be the most 
sensitive test species. 

NOAEL = no observed adverse effect level; LOAEL - lowest observed adverse effect level; UF = uncertainty factor; RfD = reference dose; [1] Typically, the chronic NOAEL is used 
for the acute RfD calculation in USDA/FS risk assessments when a dose in a single day did not result in toxic effects. [2] The chronic RfD used by the U.S. EPA is 1.75 mg/kg/day, 
and this value was rounded to 2.0 in the SERA risk assessment. [3] The U.S. EPA (2008a) R.E.D. for sulfometuron methyl listed equal acute and chronic RfD values (0.275 
mg/kg/day) for drinking water exposure and dietary RfD values were not calculated since this chemical is not used on food commodities; in lieu of this, the more detailed RfD 
values from the SERA (2004c) risk assessment used throughout this PEIR. 
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5.17.2.1.2.4  Reproductive and Developmental Effects 
The analysis in this PEIR distinguishes between reproductive and developmental toxicity, as 

defined by the U.S. EPA (1991, 1996). The U.S. EPA human health effects test guideline for 
reproduction and development include OPPTS 870.3550, 870.3650, 870.3700, and 870.3800.  

In the U.S. EPA Guidelines for Reproductive Toxicity Risk Assessment, reproductive toxicology is 
defined as (U.S. EPA 1996): 

The occurrence of biologically adverse effects on the reproductive systems of 
females or males that may result from exposure to environmental agents. The toxicity 
may be expressed as alterations to the female or male reproductive organs, the 
related endocrine system, or pregnancy outcomes. The manifestation of such toxicity 
may include, but not be limited to, adverse effects on onset of puberty, gamete 
production and transport, reproductive cycle normality, sexual behavior, fertility, 
gestation, parturition, lactation, developmental toxicity, premature reproductive 
senescence, or modifications in other functions that are dependent on the integrity of 
the reproductive systems.  

Multigenerational reproduction studies with rats are conducted as outlined in guidelines 
(OPPTS 870.3800) using standardized protocols as part of the reproduction test suite. In general for 
these studies, males and females are dosed equally via oral route with the chemical agent at 5 to 9 
weeks old. These males and females serve as the parental (P) animals and are mated. Chemical 
doses are often given continuously through weaning of offspring (F1). If a second generation study 
is conducted, these steps are repeated with F1 male and female offspring to produce a second 
generation of offspring (F2). During experiments, animals are observed for gross signs of toxicity and 
other effects, such as length of the estrous cycle, assays on sperm and other reproductive tissue, 
and the number, viability, and growth of offspring. 

In the U.S. EPA Guidelines for Developmental Toxicity Risk Assessment, developmental 
toxicology is defined as (U.S. EPA 1991): 

The study of adverse effects on the developing organism that may result from 
exposure prior to conception (either parent), during prenatal development, or 
postnatally to the time of sexual maturation. Adverse developmental effects may be 
detected at any point in the lifespan of the organism. The major manifestations of 
developmental toxicity include: (1) death of the developing organism, (2) structural 
abnormality, (3) altered growth, and (4) functional deficiency.  

In summary, developmental studies are designed to exam whether a compound has the 
potential to cause birth defects. Chemicals in these studies are typically administered to rats or 
rabbits using gavage or dermal application methods. The U.S. EPA generally is not concerned with 
reproductive and developmental effects that are experienced at dosages that cause toxicological 
maternal or parental effects. According to U.S. EPA chemical assessments, toxicity symptoms only 
occurred at chemical dosages that were above/at the threshold of parental toxicity (ATPT) for 
chemicals potentially used in the Proposed Program and Alternatives, with the exception of borax 
(Table 5.17.19). None of the chemicals potentially used are listed on the California U.S. EPA’s Safe 
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Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65) as chemicals known to cause 
reproductive toxicity (OEHHA 2011). 

 
Table 5.17.19 
Reproductive and Developmental Toxicity of Chemicals Proposed for Use Under the Proposed 
Program & Alternatives 

Active 
Ingredient Reproductive Toxicity Developmental Toxicity  Reference 

2,4-D 

no effects when doses are 
BTPT; increase in gestation 

length when doses are 
ATRC/ATPT 

no effects when doses are 
BTPT; fetal skeletal 

abnormalities and abortions 
when doses are ATRC/ATPT [1] 

U.S. EPA 2005d, p. 17-19 

Boric acid/ 
borate salts 

at LOAEL testicular atrophy and 
reduced sperm production 

leading to reduced male 
fertility; reduced survival when 

doses are ATPT 

decreased fetal weight and 
skeletal abnormalities 

sometimes when doses are 
BTPT; visceral, heart/vessel, 

and brain abnormalities when 
doses are ATPT 

U.S. EPA 2006a, p. 1 

U.S. EPA 2006e, p. 4 

U.S. EPA 2009a, p. 3 

Clopyralid 

no effects when doses are 
BTPT; effects sometimes when 
doses are ATPT (e.g. changes in 

pup body and liver weights)  

no effects when doses are 
BTPT; sometimes decreased 

fetal body weight and 
hydrocephalus  when doses are 

ATPT 

U.S. EPA 2009b, p. 8 

Glyphosate 

no significant effects when 
doses are BTPT; effects 

sometimes when doses are 
ATPT include decrease in 

implantation  

no significant effects when 
doses are BTPT; sometimes 
symptoms when doses are 

ATPT (e.g. decrease in mean 
fetal body weight and increase 

in fetuses with unossified 
sternebrae) 

U.S. EPA 2010b, p. 4 & 11 

Hexazinone 

no significant effects, with both 
fetal and maternal endpoints 

based on decreased body 
weights  

no significant effects, with both 
fetal and maternal endpoints 

based on decreased body 
weights  

U.S. EPA 2010d, p. 5 

Imazapyr no reproductive effects up to 
highest dose tested  

no developmental effects up to 
highest dose tested  

U.S. EPA 2006d, p. 7  

FR 2003, Table 2, p. 55478 

Sulfometuron 
methyl 

no effects on fetal or maternal 
endpoints at the highest tested 

dose; abortions when doses 
were ATPT; note that some 

studies had deficiencies 

no effects on fetal or maternal 
endpoints at the highest tested 

dose; abortions when doses 
were ATPT; note that some 

studies had deficiencies 

U.S. EPA 2008a, p. 8,9 & 18 
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Triclopyr 

no effects when doses are BTPT 
for BEE or TEA; systemic effects 

occur when doses are ATPT 
(e.g. decreased litter size, # of 
litters, and mean pup weight, 

decreased parent body weight 
and weight gain, and increased 
pup death and proximal tubular 

degeneration) 

no effects when doses are BTPT 
for BEE or TEA; effects occur 
when doses are ATPT (e.g. 

decreased # live fetuses and 
mean fetal weight gain, 

increase in fetal death and 
post-implantation loss, 

increased incidence bone 
abnormalities) 

U.S. EPA 1998, p. 11-14 & 
29 
 
SERA 2011d, p. 25 

NP9E 

no significant effects when 
doses BTPT; when doses ATPT 
effects on adults included less 

food consumption and 
decreased weight gain, as well 

as a decrease in sperm for 
males, and for females 

increased estrous cycle length 
and decreased ovarian weights 

and decrease in number of 
implants 

when doses BTPT acceleration 
in the vaginal opening in pups; 
no evidence when doses are 

ATPT though kidneys, liver and 
spleen thought to target organs 

from general toxicity; weak 
estrogenic effects at high doses 

that decrease with increased 
ethoxylate numbers 

USDA/FS 2003b, p. 6, 8 & 
11 

U.S. EPA 2009f, p. 23, 24 & 
28 

ATRC = at/above threshold of renal clearance, ATPT = at/above threshold of parental toxicity, BTPT = below threshold of 
parental toxicity. [1] Only 2,4-D acid and DEA forms have any effects when ATPT   

 
5.17.2.1.2.5  Carcinogenic and Mutagenic Effects 
CAL FIRE defers to the U.S. EPA and CDPR on issues relating to quantitative risk assessment 

for potential carcinogenic and mutagenic effects in humans. Carcinogenicity refers to the ability 
of an agent, in this case a pesticide, to cause cancer. Generally, results from chemical effects 
studies, such as mammal acute, subchronic, and chronic toxicity studies, as well as genetic 
toxicity (including mutagenicity) studies are used to assess the likelihood a chemical may be a 
carcinogen. Carcinogenicity is also evaluated by examining chemical profile studies (e.g. 
metabolism, environmental fate) for indications of whether cancer is a feasible hazard. Some 
studies are designed to evaluate carcinogenicity of a chemical directly as well (OPPTS 870.4200 
and 870.4300). Each chemical is categorized based on carcinogenic likelihood. Since 1999 five 
carcinogenicity standard hazard descriptors have been recommended for use by the U.S. EPA: 
“Carcinogenic to Humans,” “Likely to Be Carcinogenic to Humans,” “Suggestive Evidence of 
Carcinogenic Potential,” “Inadequate Information to Assess Carcinogenic Potential,” and “Not 
Likely to Be Carcinogenic to Humans” (U.S. EPA 2005b). 

However, many existing U.S. EPA and USDA/FS risk assessments use the earlier (1986) 
classification system, which has the following six general categories (often with slight variation): 
“A – human carcinogen,” “B1 – probably carcinogen, limited human evidence,” “B2 - probable 
carcinogen, sufficient evidence in animals,” “C - possible human carcinogen,” “D – not 
classifiable,” and “E – evidence of noncarcinogencity.”  
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In the context of evaluating the effects of pesticides, mutagenicity is defined as the 
capacity of a chemical to induce transmitted genetic changes or increase their frequency. The 
mutagenic effects of a pesticide on humans are associated with changes in gamete (germ cell) 
and/or somatic (tissue/organ) cells (U.S. EPA 1986). Mutations that occur in gamete cells, such 
as eggs and sperm, have the potential to be inherited by the next generation. Somatic cell 
mutations, by contrast, effect tissues and organs of the affected individual, and are thought to 
subsequently cause several disease states (e.g. cancer). Point mutations (i.e. changes in DNA 
sequence) and structural or numerical chromosome aberration, for example, are mutations 
that have the potential to cause adverse effects in humans (U.S. EPA 1986). Mutations, 
however, may not alter DNA directly, but instead interfere with mechanisms essential to cells, 
such as DNA synthesis or nuclear division processes (ibid). When such mutations occur in 
gamete cells, offspring may develop skeletal abnormalities, cataracts, or other morphological 
anomalies. Background, risk assessment, and toxicity study information for various mutation 
types can be found in Guidelines for Mutagenicity Risk Assessment (U.S. EPA 1986) and test 
guidelines 870.51 through 870.59. Additionally, information relating to hazard identification 
and toxicity tests for cancer and mutations thought to cause cancer may be found in Guidelines 
for Carcinogen Risk Assessment (U.S. EPA 2005b). 

According to the U.S. EPA, none of the active ingredients proposed for use in the Proposed 
Program and Alternatives are known carcinogens or mutagens (Table 5.17.20). Similarly, none 
of the chemicals proposed for use are on the California EPA’s Safe Drinking Water and Toxic 
Enforcement Act of 1986 (Proposition 65) list of chemicals that are known to cause cancer (Cal 
EPA 2011). While clopyralid is not thought to be a carcinogen, hexachlorobenzene is a 
carcinogenic impurity of particular concern. Thus, the carcinogenicity of this impurity is 
considered in this risk assessment (Section 5.17.2.1.2.9).  
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Table 5.17.20 
Carcinogenicity and Mutagenicity of Chemicals Proposed for Use Under the Program & Alternatives 

Active 
Ingredient Carcinogen  Class Mutagenicity Reference 

2,4-D Group D [not classifiable as to 
human carcinogenicity] 

Negative for mutagenic 
effects, though some 

cytogenic effects observed 
U.S. EPA 2005d, p. 18 

Boric acid/ borate 
salts 

"not likely to be carcinogenic 
to humans" Negative for mutagenic effects U.S. EPA 2009a, p. 9 

Clopyralid "not likely to be carcinogenic 
to humans" Negative for mutagenic effects U.S. EPA 2009b, p. 8-9 

Glyphosate Group E [evidence of non-
carcinogenicity for humans] Negative for mutagenic effects U.S. EPA 2010b, p. 27 

Hexazinone Group D [not classifiable as to 
human carcinogenicity] 

Negative for mutagenic effects 
usually, though structural 
chromosomal aberrations 

occurred during one study. 

U.S. EPA 2010d, Table 5, p. 17 

U.S. EPA 2002b, Table 2, p. 
10-12 

Imazapyr 

Group E [no evidence of 
carcinogenicity in at least 2 

adequate animal tests in 
different species] 

Negative for mutagenic effects 
U.S. EPA 2006d, p. 7                       

FR 2003, Table 2 & 3, p. 
55475-55479 

Sulfometuron 
methyl 

no evidence of carcinogenicity 
reported from current toxicity 

studies 
Negative for mutagenic effects 

U.S. EPA 2008a, p. 8 
 
SERA 2004c, p. 3-1 

Triclopyr Group D [not classifiable as to 
human carcinogenicity] Negative for mutagenic effects 

U.S. EPA 1998, p. 14 & 18 

SERA 2011d, p. 27 

NP9E 
no evidence of carcinogenicity 
reported from current toxicity 

studies 
Negative for mutagenic effects 

U.S. EPA 2010e, p. 4 

U.S. EPA 2009f, p. 30 & 32 

USDA/FS 2003b, p. 4 

 
5.17.2.1.2.6  Effects on Nervous System 

Neurotoxicants are chemical agents that disrupt the function of neurons, 
either by interacting with neurons specifically, or with supporting cells in the 
nervous system (e.g., neuroglia, Schwann cells, sensory receptors). The above 
definition is central to this discussion because it distinguishes agents that act 
directly on the nervous system (direct neurotoxicants), from those agents that 
might produce neurologic effects that are secondary to other forms of toxicity 
(indirect neurotoxicants) (O’Donoghue, 1994). SERA (2002) 
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While specific neurotoxicity studies are now required as a part of new data requirements in 
the 40 CFR §158 (OPPTS 870.6100, 870.6200, 870.6300, 870.6500, 870.6850, and 870.6855), 
these tests have not yet been completed for all chemicals proposed for use under this PEIR. 
Nevertheless, it is likely that any effects to the nervous system after exposure to a chemical 
would be observed during other toxicology studies for chemicals that are neurotoxic. While 
only direct effects are relevant to evaluating neurotoxicity, in some cases, it can be difficult to 
determine if the observed effects are a result of direct or indirect neurotoxicity. Currently, most 
conclusions regarding neurotoxicity of chemicals are usually based on observations from 
toxicological studies not specific to evaluating the nervous system (see Table 5.17.21). Of 
chemicals potentially used in the Proposed Program and Alternatives, direct effects to the 
nervous system were only found for 2,4-D and boric acid/ borate salts at high dosages.  

5.17.2.1.2.7  Effects on Immune System 
Immunotoxicants are chemical agents that disrupt the function of immune 

system. These agents can impair immune responses (immune suppression) or 
produce inappropriate stimulation of immune responses (hyperreactivity). 
Suppression of immune responses to microbes or abnormal cells can enhance 
susceptibility to infectious diseases or cancer. Hyperreactivity can give rise to 
allergy or hypersensitivity, in which the immune system or genetically 
predisposed individuals inappropriately responds to chemical agents (e.g., plant 
pollen, cat dander, flour gluten) that pose no threat to other individuals or 
autoimmunity, in which the immune system produces antibodies to self 
components leading to destruction of the organ or tissue involved. SERA (2002) 

While immunotoxicity studies are now required as a part of new data requirements in the 
40 CFR §158 (OPPTS 870.7800), these tests have not yet been completed for all chemicals 
proposed for use in the Program. Nevertheless, it is likely that any effects to the immune 
system after exposure to a chemical would be observed during other toxicology studies for 
chemicals that are immunotoxic. While only direct effects are relevant to evaluating 
immunotoxicity, it can be difficult in some cases to determine if the effects observed are a 
result of direct or indirect immunotoxicity. Currently, most conclusions regarding 
immunotoxicity of chemicals are usually based on observations from toxicological studies not 
specific to evaluating the immune system (see Table 5.17.21). Direct immunotoxicity effects 
were only observed for 2,4-D, especially when mixed with certain other herbicides. 

5.17.2.1.2.8  Effects on Endocrine System 
An endocrine disruptor is an exogenous agent (from outside of the body) that 
produces adverse effects on an organism or population of organisms by 
interfering with endocrine function (Kavlock et al., 1996). The endocrine system is 
highly regulated to achieve hormone activities in amounts needed to respond to 
physiological demands. Endocrine disruption is a state of uncontrolled hormone 
action, in which hormone responses are absent or insufficient when needed, or 
occur inappropriately when they are not needed. These can result in 
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abnormalities in growth and development, reproduction, body composition, 
homeostasis, and behavior. (SERA 2002) 

At the time this document was prepared, the U.S. EPA had recently developed an 
Endocrine Disruptor Screening Program (EDSP), the guidelines for which are in series 890. 
Current information regarding the program and which herbicides are to be assessed can be 
found at: http://www.epa.gov/scipoly/oscpendo/index.htm. In short, Tier 1 consists of several 
assays to identify the potential of a chemical substance to interact with the estrogen, androgen, or 
thyroid hormonal systems. If it is found that there are direct effects on these systems resulting from 
chemical exposure, a second group of tests will be chosen as appropriate, given initial results. This 
second group of studies, referred to as “Tier 2”, is used to identify any adverse endocrine related 
effects caused by the substance, as well as to establish a dose-response relationship between the 
dose and any effects found on the estrogen, androgen, and/or thyroid hormonal systems.  

While all chemicals may be subject to additional screening and/or testing to specifically 
assess endocrine disruption potential in the future, evaluation of chemicals for endocrine 
disruption has been prioritized based on the potential for human exposure (e.g. via food and 
water, residential activity) and effects observed during previous studies evaluating all aspects of 
chemical toxicity. Currently, information regarding endocrine disruption is vague, though 
according to U.S. EPA and USDA/FS risk assessments, 2,4-D, glyphosate, hexazinone, imazapyr 
and sulfometuron methyl are thought to have the potential to cause effects on the endocrine 
system with exposure, though it remains unclear if the effects are direct or indirect (see Table 
5.17.21). 

http://www.epa.gov/scipoly/oscpendo/index.htm
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Table 5.17.21 
Neurotoxicity, Immunotoxicity, and Endocrine Disruption of Chemicals Proposed for Use Under the Program & 
Alternatives 

Active 
Ingredient Neurotoxicity  Immunotoxicity  Endocrine Disruption Reference 

2,4-D 

evidence of neurotoxicity 
from toxicity studies at 

relatively high dose levels 
with symptoms such as 
decreased coordination, 

ataxia 

recent studies show 
immunotoxicity, especially 

when mixed with other 
herbicides  

concern for potential 
effects; possible 

evidence of direct 
endocrine disruption; 
effects observed may 

be indirect  

U.S. EPA 2005d, p. 18      

U.S. EPA 2005a, p. 37 

USDA/FS 2006a, p. 3-10 to 3-13 

  

Boric acid/ 
borate salts 

evidence of neurotoxicity 
from toxicity studies at 
high dose levels (e.g. 

depression, ataxia and 
convulsion) 

no conclusive evidence of 
direct immunotoxicity from 

any toxicity studies 

no evidence of direct 
endocrine disruption; 
changes in hormones 

thought indirect 
resulting from 

testicular toxicity 

U.S. EPA 2006a, p. 17 & 42 

U.S. EPA 2006e, p. 4 & 13 

SERA 2006a, p. 3-1, 3-6 to 3-8 

Clopyralid 
no conclusive evidence of 
direct neurotoxicity from 

any toxicity studies 

no conclusive evidence of 
direct immunotoxicity from 

any toxicity studies 

no conclusive evidence 
of direct endocrine 
disruption from any 

toxicity studies 

U.S. EPA 2009b, p. 4, 10 & 18 

SERA 2004a, p. 3-5 & 3-6 

Glyphosate 
no conclusive evidence of 
direct neurotoxicity from 

any toxicity studies 

no conclusive evidence of 
direct immunotoxicity from 

any toxicity studies 

potential evidence of 
direct endocrine 

disruption; effects 
observed may be 

indirect  

U.S. EPA 2010b, p. 4, 11 to 15 

SERA 2011b, p. 40 to 51 

 

Hexazinone 
no conclusive evidence of 
direct neurotoxicity from 

any toxicity studies 

no conclusive evidence of 
direct immunotoxicity from 

any toxicity studies 

potential evidence of 
direct endocrine 

disruption; effects 
observed may be 

indirect 

U.S. EPA 2010d, p. 5 
U.S. EPA 2002b, p. 3 

SERA 2005, p. 3-7 to 3-9 

Imazapyr no conclusive evidence of no conclusive evidence of no conclusive evidence U.S. EPA 2006d, p. 7 & 27  
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direct neurotoxicity from 
any toxicity studies 

direct immunotoxicity from 
any toxicity studies 

of direct endocrine 
disruption from any 

toxicity studies 

FR 2003, p. 55481 

SERA 2011c, p. 23 

Sulfometuron 
methyl 

no conclusive evidence of 
direct neurotoxicity from 

any toxicity studies 

no conclusive evidence of 
direct immunotoxicity from 

any toxicity studies 

potential evidence of 
direct endocrine 

disruption; effects 
observed may be 

indirect 

U.S. EPA 2008a, p. 8 & 14 

SERA 2004c, p. 3-6 to 3-7 

Triclopyr 
no conclusive evidence of 
direct neurotoxicity from 

any toxicity studies 

no conclusive evidence of 
direct immunotoxicity from 

any toxicity studies 

no conclusive evidence 
of direct endocrine 
disruption from any 

toxicity studies 

U.S. EPA 1998, p. 14 & 18 

SERA 2011d, p. 22 to 25 

NP9E 
no conclusive evidence of 
direct neurotoxicity from 

any toxicity studies 

no conclusive evidence of 
direct immunotoxicity from 

any toxicity studies 

no conclusive evidence 
of direct endocrine 
disruption from any 

toxicity studies 

U.S. EPA 2009f 

USDA/FS 2003b, p. 4 
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5.17.2.1.2.9  Metabolites and Impurities  

No chemical exists without some metabolites and impurities. When evaluating human 
health effects related to chemical use, it is important to consider how a chemical is 
metabolized, what byproducts result, what other impurities exist, and the toxicity of any 
unintended compounds. As chemicals are broken down, either through energy production by a 
living organism (aka metabolism) or environmental degradation processes (aka environmental 
fate), metabolites are created. During the synthesis of technical grade product, there may be 
unintended impurities including un-reacted starting material, side reaction products, 
contaminants, and degraded products (as listed in 40 CFR 158.153(d)). There is concern 
regarding the toxicity of metabolites and impurities, but this is lessened by the fact that tests 
are completed using the technical grade product of each active ingredient that includes 
metabolite production and contains impurities. Thus, any toxicity effects of metabolites and 
impurities would be encompassed in the technical grade of the active ingredient (TGAI) toxicity 
evaluation.  

All known metabolites and impurities in chemicals proposed for use under this PEIR were 
identified and examined for toxicity concerns (see Table 5.17.22). Of the chemicals potentially 
used in the Proposed Program and Alternatives, only triclopyr produces a metabolite - i.e. 3,5,6-
trichloro-2-pyridinol (3,5,6-TCP) – that is toxic beyond the level of concern in some scenarios. 
Clopyralid contains the impurities hexachlorobenzene and pentachlorobenzene, which are 
known carcinogens. Similarly, some formulations of glyphosate that contain POEA surfactants 
contain the known carcinogenic contaminant 1,4-dioxane. These three carcinogens, however, 
are at concentrations well below the cancer risk level used by the USDA/FS and U.S. EPA when 
assessing carcinogenicity. Nicotinic acid, which is also known as Vitamin B3, is a metabolite of 
imazapyr and is a known neurotoxin; however, the minute amount in imazapyr poses no 
toxicity concern. 
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Table 5.17.22 
Metabolism, Metabolites and Impurities from Chemicals Proposed For Use Under the Program & Alternatives 

Active 
Ingredient Metabolism Metabolites/Degradates Metabolite 

Concern Impurities/Contaminants Impurities 
Concern Reference 

2,4-D 

in mammals, 
rapidly 

absorbed and 
excreted, 
primarily 

unchanged as 
urine (with 

some 
conjugated 

metabolites); 
major route of 
environmental 

degradation 
is aerobic 
microbial 

metabolism 

1,2,4-benzenetriol 

no concern 

monochlorophenoxyacetic 
acid (0.1%) 

no concern  

U.S. EPA 
2005d, p. 

15, 25 & 83 

2,4-dichlorophenol (2,4-
DCP)* 

2,6-dichlorophenoxy-acetic 
acid (2.3%) 

USDA/FS 
2006a, p. 3-
3, 3-20, 3-

21 

2,4-dichloroanisole (2,4-
DCA) 

2,4,6-trichlorophenoxyacetic 
acid (0.2%) 

  

4-chlorophenol 2,4-dichlorophenoxy-acetic 
acid (0.7%) 

chlorohydroquinone (CHQ) polychlorinated 
dibenzodioxins (PCDDs)* 

volatile organics 
polychlorinated 

dibenzofurans (PCDFs)* 
bound residues 

carbon dioxide 

Boric acid/ 
borate salts 

 in mammals, 
not 

metabolized, 
so is 

eliminated in 
urine 

boric acid 

no concern; 
assessed as 

active 
ingredient 

none identified  NA 

U.S. EPA 
2009a, p. 8 

& 20 

SERA 
2006a, p. 3-

11 
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unchanged; in 
the 

environment, 
at 

physiological 
pH borate salts 

convert to 
boric acid 

  

Clopyralid 

in mammals, 
rapidly 

absorbed and 
then excreted 

in urine, 
primarily 

unchanged or 
as parent 

compound 

parent clopyralid 

assessed as 
active 

ingredient 

4,5,6-trichloro-2-
pyridinecarboxylic acid 

(<0.1%) 
no concern 

U.S. EPA 
2009b, p. 4, 

7 & 19 

3,6-DCPA-glycine  

hexachlorobenzene [*, 1] 

no concern 
given cancer 
risk level for 

these two 
impurities of 

3 in 
100,000,000 
is well below 
trigger level 

of 1 in 
1,000,000 
used by 

USDA/FS and 
U.S. EPA; 

cancer risk 
factor=1.6 

(mg/kg/day)-
1 

SERA 
2004a, p. 3-
2, 3-9, 3-28 
to 3-31, 3-
33 & 3-38 

pentachlorobenzene [*, 1] 

Glyphosate 
in mammals, 

primarily 
excreted in the 

aminomethyl phosphonate  
(AMPA) no concern N-nitrosoglyphosate (NNG) * no concern 

U.S. EPA 
2009c, p. 2, 

6 & 7 
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feces and 
urine 

unchanged 
N-acetyl-AMPA 

1,4-dioxane [*, 1] 

no concern 
given cancer 
risk level of 1 
in 1,500,000 

below 
trigger level 

of 1 in 
1,000,000 

used by the 
USDA/FS and 

U.S. EPA; 
cancer 

potency 
factor=0.011 
(mg/kg/day)-

1 

U.S. EPA 
2010b, p. 4, 

12 

N-acetyl-glyphosate 
no concern; 

equivalent to 
glyphosate 

(contaminant in POEA) SERA 
2011b, p. 

83-86 

Hexazinone 

In mammals, 
rapidly 

metabolized 
by 

hydroxylation 
and 

demethylation, 
and eliminated 

in urine and 
feces; in the 

environment, 
the data 

indicate that 
hexazinone is 
metabolized 

by 
hydroxylation 

3-(4-hydroxycyclohexyl)-6-
(dimethylamino)-1-methyl-
1,3,5-triazine-2,4(1H,3H)-

dione) 
no concern; 

tolerance 
expressions 

include 
hexazinone 

(parent) and 
metabolites; 
hexazinone 

and its 
metabolites 

do not 
exceed level 
of concern 

names not released by the 
U.S. EPA no concern 

U.S. EPA 
2010d, 

Tables 1+7, 
p. 5-7    

3-cyclohexyl-6-
(methylamino)-1-methyl-
1,3,5-triazine-2,4-(1H,3H)-

dione 

U.S. EPA 
2002b, p. 5 

3-(4-hydroxycyclohexyl)-6-
(methylamino)-1-methyl-
1,3,5-triazine-2,4-(1H,3H)-

dione 

U.S. EPA 
1994, p. 14-

16 

3-cyclohexyl-1-methyl-
1,3,5-triazine-2,4,6-
(1H,3H,5H)-trione 

SERA 2005, 
p. 3-16 & 3-

17 
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to metabolite 
A which is then 
metabolized to 

metabolite C 
by 

demethylation 
and to 

metabolite E 
after 

oxidation. 

3-(4-hydroxycyclohexyl)-1-
methyl-1,3,5-triazine-2,4,6-

(1H,3H,5H)-trione 

3-cyclohexyl-6-amino-1-
methyl-1,3,5-triazine-2,4-

(1H,3H)-dione 

Imazapyr 

in mammals, 
rapidly 

absorbed 
when 

administered 
orally and then 

excreted in 
urine and 

feces, 
primarily 

unchanged; in 
the 

environment, 
photolysis is 

the only 
identified 

mechanism for 
imazapyr 

degradation 

pyridine hydroxy-
dicarboxylic acid no concern; 

no more toxic 
than parent 

names not released by the 
U.S. EPA 

no concern 
given TGAI 
mammal 

toxicity tests 

U.S. EPA 
2006d, p. 

17 

pyridine dicarboxylic acid 

SERA 
2011c, p. 

31 nicotinic acid (aka Vitamin 
B3)*2 

no concern 
for low 

exposures 

Sulfometuron 
methyl 

in mammal, 
nearly all is 
excreted in 

urine; in both 
mammals and 

sulfometuron pyrimidine 
amine 

no concern 
given TGAI 
mammal 

toxicity tests 

no information 

no concern 
given TGAI 
mammal 

toxicity tests 

U.S. EPA 
2008a, p. 

10 

sulfometuron sulfonamide SERA 
2004c, p. 3-
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bacteria, 
sulfometuron 

methyl is 
degraded 

similarly in 
multiple stages 

saccharin 

11  

Triclopyr 

in mammals, 
excretion is 

rapid though 
urine typically 
unchanged at 
low doses; in 

the 
environment, 

it degrades 
slowly under 

aerobic 
aquatic 

conditions by 
aqueous 

photolysis, in 
soil it is 

degraded by 
biotic 

mechanisms 

3,5,6-trichloro-2-pyridinol 
(3,5,6-TCP)* 

more toxic 
than a.i. to 
mammals 

and aquatic 
organisms; 

exceeds level 
of concern 

for 
contaminated 

vegetation 
and fruit at 

upper bounds 
of analysis 

none identified  NA 

U.S. EPA 
1998, p. 16, 
30, 34 & 51 

glucuronide 

no concern 

SERA 
2011d, p. 4, 

15, 80-81 

sulfate conjugates of 3,5,6-
TCP 

NP9E 

appears to be 
rapidly 

metabolized 
and excreted 

primarily 
through feces 

and 

nonylphenol (conjugates/ 
neutral and acidic species) 

act as 
estrogen 

mimics; also 
concern for 
aquatic spp. 

ethylene oxide [*,1, 3] 

carcinogen 
risk is an 

acceptable 
level for 
USDA/FS 

(both 
carcinogens 

USDA/FS 
2003b, p. 5 

& 18 

sulphate conjugates no concern 1,4-dioxane [*, 1] U.S. EPA 
2010e, p. 4 
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secondarily in 
urine. 

glucuronide  

well below 
the 1 per 1 

million 
cancer risk 
potential) 

* Potentially toxic if in high enough quantities; [1] Probable human carcinogen according to U.S. EPA; [2] Possible neurotoxin; [3] Possible mutagen 
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5.17.2.1.3   Exposure Assessment 
5.17.2.1.3.1   Chemical Exposure 
In Forest Service risk assessments, chemical exposure of workers and members of the general 

public are considered. Each of these groups is assessed in terms of general exposure and 
accidental/incidental exposure (SERA 2012). General exposure refers to exposure that is expected to 
occur from normal chemical use, whereas accidental/incidental exposure results from 
unforeseeable events and improper handling of chemicals. There are innumerable potential 
circumstances that lead to chemical exposure, though it is most important in all cases to assess the 
level of exposure (i.e. percentage of body exposed), the chemical concentration, and the duration of 
the exposure (ibid). In order to assess potential chemical exposure, several scenarios were created 
for the USDA Forest Service risk assessments (Table 5.17.23). These standard sets of scenarios were 
designed with the intention of being conservative (in the sense of over-estimating risks) and 
applicable to a wide range of circumstances. 

Exposure scenarios are only summarized in the worker and public exposure subsections below. 
For further details regarding scenarios, including calculation methods and values, refer to SERA 
2012, specific chemical risk assessments, and associated Excel workbooks. In depth calculations for 
each scenario are on worksheets within workbooks generated by FS WorksheetMaker for each 
chemical (Table 5.17.23). The worker and public exposure results are also summarized on 
worksheets E01 and E03 respectively in each workbook. Once the levels of exposure are determined 
for each scenario, the dose responses of the chemicals are assessed and the risk of exposure is then 
characterized. 

As discussed previously, methodologies and information regarding chemical exposure 
continuously changes. Empirical evidence, such as study information, from SERA, USDA/FS, and U.S. 
EPA reports was used extensively to complete human health risk summaries for each chemical. 
Calculations from the latest FS WorksheetMaker, however, were used to update values in previous 
USDA/FS risk assessments using revised methods. Calculations changed for several of the chemicals, 
though sometimes only to a minor extent. In all cases, the newest calculations and methodologies 
have been used throughout this document, replacing those disclosed in original USDA/FS risk 
assessments and workbooks. 

Different scenarios were designed for occupational (worker) exposure to chemicals than for 
public exposure, which is discussed in more detail below. There are, however, commonalities 
among all scenarios used in Forest Service risk assessments. While humans may be exposed through 
oral, inhalation and ocular routes, clear empirical evidence is limited, with studies having 
inconsistent findings (SERA 2012). Dermal absorption information, however, is relatively well 
characterized and understood for most chemicals. Thus, this data is often used directly, or models 
are created to approximate how dermal absorption relates to other routes of exposure, such as 
inhalation, when risk assessments are conducted for the Forest Service (ibid).  
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Table 5.17.23 
Standard Scenarios Used in USDA/FS Risk Assessments  

Scenario Receptor Worksheet 
OCCUPATIONAL EXPOSURE 

Accidental/Incidental Acute Exposures (dose in mg/kg bw/event) 
Contaminated gloves, 1 minute Worker C02a 

Contaminated gloves, 1 hour Worker C02b 

Spill on hands, 1 hour Worker C03a 

Spill on lower legs, 1 hour Worker C03b 
General Chronic Exposures (doses in mg/kg bw/day) 

Directed foliar ground applications Worker C01 
Broadcast ground applications Worker C01 
Other ground applications (e.g. directed soil and stump) Worker C01 

PUBLIC EXPOSURE 
Accidental/Incidental  Acute Exposures (dose in mg/kg bw/event) 

Direct spray of child, whole body Child D01a 
Direct spray of woman, feet and lower legs Adult female D01b 
Water consumption (spill) Child D05 
Fish consumption (spill) Adult male D08a 
Fish consumption (spill) Subsistence populations D08b 

Non-Accidental Acute Exposures (dose in mg/kg bw/event) 
Vegetation contact, shorts and t-shirt Adult female D02 
Contaminated fruit consumption Adult female D03a 
Contaminated vegetation consumption Adult female D03b 
Swimming, one hour Adult female D11 
Water consumption Child D06 
Fish consumption Adult male D09c 
Fish consumption Subsistence populations D09d 

Chronic/Longer Term Exposures (dose in mg/kg bw/day) 
Contaminated fruit consumption Adult female D04a 
Contaminated vegetation consumption Adult female D04b 
Water consumption Adult male D07 
Fish consumption Adult male D09a 

Fish consumption Subsistence populations D09b 

5.17.2.1.3.1.1 Workers 

General occupational exposure scenarios relate to exposure while handling chemicals during 
normal use, whereas accidental/incidental exposure scenarios account for occurrences of misuse, 
mishandling and unexpected events that result in exposure higher than expected during typical 
chemical application. For USDA/FS risk assessments, dermal exposure is assessed in terms of  



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 75 

 

 

absorption-based modeling, where the amount of chemical handled is used to estimate the amount 
of chemical absorbed through the skin (SERA 2012). While such estimates are often considered 
crude, additional information is incorporated into risk assessments for each chemical, as available 
(ibid). 

While aerial application is assessed in USDA/FS risk assessments, it is not under consideration in 
the Proposed Program and Alternatives and is thus not assessed. According to SERA (2012), ground 
application methods are grouped into two predominate categories in USDA/FS risk assessments:  

(1) directed foliar applications (i.e., cut surface, backpacks), and 

(2) broadcast foliar applications  

At first glance these grouping may seem unexpectedly broad, however current empirical 
evidence does not indicate that more detailed application categories are usually necessary, as the 
degree of chemical exposure does not significantly vary between specific methods within each 
application category (ibid). A standard set of dermal absorption rates was established using nine 
commonly used chemicals (SERA 2012 and Table 5.17.24). Generally, these estimated dermal 
absorption rates, which are in terms of the amount of chemical handled, are used to calculate 
estimates of worker and public chemical exposure. The one exception for chemicals assessed in this 
PEIR is triclopyr BEE, which has been found to have higher dermal absorption rate than the other 
chemicals considered (SERA 2011d). There are different exposures rates for each category of 
application due to the different amounts of dermal exposure. Worker exposure estimates are a 
product of the exposure rate (in mg/kg bw/lb of chemical handled) and the pounds of chemical 
handled per day or event (SERA 2012). The resulting chemical exposures are expressed as milligrams 
of chemical per kilograms of body weight per day or event (mg/kg bw/day or mg/kg bw/event).  

Table 5.17.24 
Occupational Exposure Rates Used In Forest Service Risk Assessments 

Worker Application Group 
Rate (mg/kg bw/lb chemical handled) 

References 
Central Lower Upper 

Directed foliar 0.003 0.0003 0.01 SERA 2012, Table 6 
Broadcast foliar 0.0002 0.00001 0.0009 SERA 2012, Table 6 

Triclopyr BEE directed foliar * 0.0058 0.00086 0.039 
Middendorf 1992b as 

referenced in SERA 2011d, 
Table 18 

Triclopyr BEE broadcast foliar * 0.00038 0.00003 0.0035 Adjusted [1] 
*Evidence suggests triclopyr BEE has higher rates of exposure than triclopyr TEA and other chemicals. [1] Adjusted as defined in 
SERA 2011d: "The ratio of rates from Middendorf (1992b) to standard Forest Service rates for directed foliar spray are 
approximately 1.9, 2.9, and 3.9 based on the central estimate, lower bound, and upper bound. These ratios are used to adjust 
rates for ground boom…applications of triclopyr BEE based on the standard rates for these application methods.” 

Accidental/incidental exposures to workers are most likely related to accidental spills or 
splashing the chemical agent on skin or in eyes. Information on ocular exposure primarily refers to 
effects, so qualitative discussion is reserved for the risk characterization. Dermal exposure is the 
predominant exposure route and is studied in depth, so it is assessed quantitatively in USDA/FS risk 
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assessments (SERA 2012). Some standard scenarios involve the amount of dermal absorption 
associated with direct contact, by wearing contaminated gloves or by full immersion of the hands in 
a field solution over specific time intervals (i.e. usually one minute and one hour). Other scenarios 
involve spilling the chemical agent directly onto hands or lower legs (Table 5.17.23). For these 
scenarios, the exposure rate is measured as milligrams of chemical per kilogram of body weight per 
event (mg/kg bw/event) in USDA/FS risk assessments.  

5.17.2.1.3.1.2   General Public 
The general public may be exposed to chemicals acutely or chronically through several routes. 

Chemical exposure has the potential to occur to members of the public via direct spray or indirect 
contact by wind-drifted spray. Exposure may also occur by consumption of, or contact with, 
contaminated surface or ground water. Consumption and/or contact with contaminated fish, game 
or plants may also be routes of undesired chemical exposure. 

Potential exposure to humans in part depends on the ownership of land being treated with 
herbicides. Only about 6.5% of the landscape available for chemical treatments are public lands (see 
Section 5.17.1.7 and Table 5.17.3). Chemical treatments on these lands have a greater possibility of 
directly impacting members of the public, at least in part because more people are likely to be 
exposed on public lands relative to private lands. Under the Proposed Program and Alternatives, 
private lands make up the bulk of the landscape available for treatment (approximately 93.5%; see 
Table 5.17.3). Given that members of the public have limited access to private lands (i.e. by 
invitation only) the risk of direct chemical exposure is minimal.  

While relatively few public lands are proposed for treatment, developed recreation areas, 
which include trailheads, campgrounds, picnic areas, recreation sites, boat ramps, ski areas, and 
work centers, have the potential to be chemically treated, especially on State Park lands. 
Treatments in or near these areas would have the greatest potential for exposing the public to 
chemicals. Under normal (non-accidental) application conditions, there is no expectation that the 
public will be exposed to chemicals above acceptable risk levels, given protections required by law 
and the mitigation measures outlined in Section 5.17.11 Mitigation Measures. Decisions to treat 
vegetation with chemicals under this program will ultimately be made by landowners and CAL FIRE 
project leaders. 

Similar to workers in Forest Service risk assessments, exposure to members of the public is 
grouped into general exposure from normal use of chemicals and more severe accidental/incidental 
exposure resulting from misuse or unusual circumstances (SERA 2012). In Forest Service risk 
assessments, a number of specific scenarios are consistently used to characterize exposure of the 
general public (ibid and Table 5.17.23).  

The exposure assessments developed in Forest Service risk assessments are based on Extreme 
Values rather than a single value. Extreme value exposure assessments, as the name implies, 
bracket the most plausible estimate of exposure (referred to statistically as the central or maximum 
likelihood estimate) with lower and upper bounds of credible exposure levels. This Extreme Value 
approach is essentially an elaboration on the concept of the Most Exposed Individual (MEI), 
sometime referred to as the Maximum Exposed Individual. As this name implies, exposure 
assessments that use the MEI approach attempt to characterize the extreme but still plausible 
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upper limit on exposure. This common approach to exposure assessment is used by the U. S. EPA, 
other government agencies, and the International Commission on Radiological Protection. In most 
Forest Service risk assessments, upper bounds on exposure are intended to encompass exposures 
to the MEI. 

As with workers, exposure to the general public is assessed in USDA/FS risk assessments using 
acute and chronic exposure scenarios (Table 5.17.23). Some scenarios involve direct sprays and are 
modeled for ground application in a similar way to accidental spills for workers. For such scenarios it 
is assumed that some of the chemical remains on the skin and is absorbed by first-order kinetics 
(SERA 2012). Another scenario involves dermal exposure, which assumes that an adult woman is 
wearing shorts and a t-shirt when coming into contact with contaminated vegetation. The outcome 
of this scenario depends on estimates of dislodgeable reside and dermal transfer rates (ibid). There 
are multiple scenarios involving contaminated water, which are broken into categories involving 
accidental spill as well as accidental direct spray of or drift to a pond or stream (ibid). Several 
scenarios also evaluate the acute and chronic consumption of contaminated fish, broadleaf 
vegetation, and fruit. One scenario also involves the dermal exposure from swimming in 
contaminated surface water, which is calculated essentially identically to the contaminated glove 
scenario for worker exposure (ibid). Short- term peak and long-term average water contamination 
rates (WCRs) are determined for the scenarios involving water as shown in Table 5.17.25. Together, 
these scenarios assess a wide range of potential chemical exposure outcomes.  
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Table 5.17.25  
Water Concentration Rates of Chemicals Proposed for Use* 

Chemical 

Short-term peak concentrations 
(mg/L) 

Longer-term average concentrations  
(mg/L) 

Peak Average 
Central  Lower  Upper  Central  Lower  Upper  

2,4-D acid 0.02 0.002 0.44 0.0004 0.00002 0.0033 
2,4-D ester 0.004 0.00001 0.2 0.0004 0.00002 0.0033 

Borax  0.03 0.006 0.1 0.014 0.002 0.07 
Clopyralid 0.02 0.005 0.07 0.007 0.001 0.013 

Glyphosate 0.011 0.0013 0.083 0.00019 0.000088 0.0058 
Hexachlorobenzene N/A N/A N/A 0.00039 0.00004 0.005 

Hexazinone 0.1 0.0005 0.4 0.02 0.00001 0.07 
Imazapyr 0.02 0.000009 0.26 0.007 0.000003 0.12 

NP9E 6.1 3.0 15.1 0.007 0.0 0.014 
Sulfometuron methyl 0.001 0.00006 0.02 0.00004 0.00001 0.00007 

Triclopyr BEE 0.0004 0.00000015 0.03 0.000002 2.0 x 10-10 0.00007 

Triclopyr TCP 0.0009 0.00000001 0.028 0.00005 3.0 x 10-12 0.002 

Triclopyr TEA 0.003 0.000001 0.24 0.001 2.0 x 10-10 0.06 
*All values calculated using FS WorksheetMaker workbooks (worksheets B04Rt and B04a), except those for NP9E that come 
from USDA/FS 2003b 

An important consideration for scenarios involving consumption of fish is the propensity of a 
chemical to accumulate in fish tissues. The ratio of chemical concentration in fish tissue relative to 
the chemical concentration in water is referred to as the bioconcentration factor (BCF). If, for 
example, the concentration in an organism is 5 mg/kg and the concentration in the water is 1 mg/L, 
the bioconcentration factor (BCF) is 5 L/kg [5 mg/kg ÷ 1 mg/L] (SERA 2012). BCF values ≤1 indicate 
that chemicals are not expected to bioconcentrate in fish (USDA/FS 2006a). Generally speaking, the 
amount of chemical accumulation depends on the concentration of the chemical agent in the water 
and the maximum concentration that can occur in the tissue of the organism (ibid; see OPPTS 
850.1730 for U.S. EPA test protocols). As with most absorption processes, bioconcentration depends 
initially on the duration of exposure, but eventually reaches a steady state (SERA 2012). Separate 
BCF values are calculated for acute (24 hour) and long-term (steady state) exposures and are used in 
respective scenarios to determine plausible exposure through consumption of contaminated fish 
(Table 5.17.26).  
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Table 5.17.26  
Bioconcentration Factors of Chemicals Proposed for Use As L/Kg Fish* 

Chemicals Edible portion, 
acute 

Edible portion, 
chronic  Whole fish, acute Whole fish, 

chronic 

2,4-D acid 1.0 1.0 1.0 1.0 
2,4-D ester 1.0 1.0 1.0 1.0 

Borax 1.0 1.0 1.0 1.0 
Clopyralid 1.0 1.0 1.0 1.0 

Glyphosate 0.38 0.38 0.52 0.52 
Hexachlorobenzene 2,000 20,000 2,000 20,000 

Hexazinone 1.0 2.1 2.0 5.5 
Imazapyr 0.5 0.5 0.5 0.5 

NP9E 1.0 1.0 1.0 1.0 
Sulfometuron methyl 3.0 3.5 7.0 6.0 

Triclopyr BEE 0.06 0.06 0.83 0.83 
Triclopyr TCP 0.06 0.06 0.83 0.83 

Triclopyr TEA 0.06 0.06 0.83 0.83 
*All values calculated using FS WorksheetMaker except those for NP9E, which are disclosed in USDA/FS 2003b 

5.17.2.1.3.2   Chemical Dose Assessments 

The most recent SERA and USDA/FS risk assessments for each chemical were used to 
summarize the exposure assessment in this PEIR. Values disclosed in this section, however, have 
been updated using the most current version of FS WorksheetMaker for each chemical. As done for 
Forest Service risk assessments, exposure is summarized in terms of the typical application rate and 
discussions regarding the potential impacts of higher application rates are restricted to the risk 
characterization section for each chemical. 

2,4-D (Sources: FS WSM ver. 6.00.10; USDA/FS 2006a) 
Exposure assessment calculations can be found in the 2,4-D acid workbooks created with 

WorksheetMaker 6.00.10 for 2,4-D, as all salt and ester forms are thought to be toxicologically 
identical to the acid form in terms of exposure. The upper bound for a general worker exposure 
estimate, at 1.0 lb. a.e./acre applied, was 0.15 mg/kg bw/day, which is associated with broadcast 
spray. Accidental worker exposure estimates for each application method are lower than those 
for general worker exposure, with the exception of the scenario that involves wearing 
contaminated gloves for 1 hour (e.g. upper bound of 2.35 mg/kg bw). When considering the 
general public, acute exposure estimates range from a lower bound of about 1.2 x 10-6 to an 
upper bound of  2.05 mg/kg bw. The scenario that resulted in the highest acute public exposure 
involved the consumption of contaminated water by a child after an accidental spill. The next 
highest upper bound estimate for acute exposure was 1.35 mg/kg bw for an adult female 
consuming contaminated vegetation. The chronic exposure scenarios for general public led to 
substantially lower exposure levels than similar acute scenarios, with chronic lower and upper 
bounds ranging from 2.86 x 10-9 to 1.9 x 10-1 mg/kg bw/day. 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 80 

 

 

Borax (Sources: FS WSM ver. 6.00.10; SERA 2006a) 
The chemical sodium tetraborate decahydrate, alternatively called borax, is a fungicide used 

to treat heterobasidion root disease. As well as being a fungicide, the application methods of this 
chemical are different than any other chemicals proposed in the PEIR, because the chemical is 
only applied directly to freshly cut tree stumps. Thus, many of the scenarios are not appropriate 
for the application of borax. The per acre application rate is approximate, based on the 
cumulative area of freshly cut stump surface. One product registered in California for forestry use 
is Sporax, which is a granular product composed only of sodium tetraborate decahydrate. The 
USDA/FS risk assessment is only written in terms of Sporax, and not other products. Thus, for the 
purposes of this document, references to borax are specifically referring to sodium tetraborate 
decahydrate and the associated product Sporax, and not other boron derived products. Since the 
chemical component of concern is boron, toxicity information above and all exposure information 
is expressed in boron equivalents (B). 

Boron is a naturally occurring element that is ubiquitous in nature. The use of borax by the 
Forest Service is not thought to substantially contribute to human exposure through soil and 
water, except perhaps in extreme cases. Given that Sporax is only applied in a granular form in a 
specialized way, several of the standard exposure scenarios are not applicable. Other scenarios 
were adapted in the USDA/FS risk assessment to more accurately reflect potential exposures. 
Inapplicable scenarios relating to general worker exposure, direct spray, oral exposure by 
ingestion of contaminated vegetation, fruit, or fish, and direct exposure from contaminated 
vegetation were omitted from the Forest Service risk assessments. The scenario involving a child 
being directly sprayed with a chemical was adapted to a child ingesting borax directly from a 
freshly treated stump. Scenarios considered in the human health risk assessment also include 
contact with contaminated gloves for workers and exposure via consumption of water 
contaminated by an accidental spill or by run-off.  

Only the most extreme scenarios related to borax applications by the Forest Service are likely 
to substantially contribute to levels of boron exposure in humans. The modeled exposures for 
workers relate to wearing contaminated gloves for 1 minute or 1 hour, with upper bounds at an 
application rate of 1 lbs a.i. per acre being 2.88 x 10-5 and 2.30 x 10-4 mg/kg bw/event 
respectively. The scenario of a child consuming Sporax directly from a tree stump resulted in the 
greatest exposure, with an upper bound of  3.24 mg B/kg bw/day. This estimate was calculated 
for the Forest Service using the average daily soil consumption by a child. All other public 
exposures were substantially lower, with remaining upper bounds ranging from 0.0024 to 0.14 
mg B/kg bw/event, relating to chronic ingestion of contaminated water by an adult male and 
acute ingestion of contaminated pond water by a child after a spill respectively. 

Clopyralid (Sources: FS WSM ver. 6.00.07 & 6.00.10; SERA 2004a) 
The typical rate of application for clopyralid in the USDA/FS programs is 0.35 lb/acre and this 

was the rate used to calculate exposure values in the SERA 2004a risk assessment. In California, 
however, the maximum application rate for clopyralid is restricted to 0.25 lbs/acre, and thus 
clopyralid exposure is anticipated to be lower under the Proposed Program and Alternatives than 
predicted for Forest Service projects. Given the clopyralid restrictions in California, the 
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application rate of 0.25 lb/acre was used as both a typical and upper application rate for 
calculations. 

For acute or chronic exposure scenarios of the public, the scenario relating to a child 
consuming water after the contamination of a small pond had the highest exposure estimate (e.g. 
an upper bound of 1.28 mg/kg bw). All other occupational and public scenarios result in often 
substantially lower exposures. General occupational exposures for terrestrial applications, for 
example, range from the lowest bound of 1.13 x 10-4 mg/kg bw/day for direct foliar spray, to the  
upper bound of 0.038 mg/kg bw/day for broadcast spray at an application rate of 0.25 lb 
a.e./acre. All occupational exposures associated with accidental/incidental events lead to 
exposures below the broadcast spray upper bound for general occupational exposures. This is in 
large part because all incidental exposure scenarios involve dermal absorption, and clopyralid is 
not readily absorbed through the skin. With public exposure scenarios, the upper bounds for non-
accidental public exposure range from  3.0 x 10-8 mg/kg bw to 0.338 mg/kg bw, which resulted 
from the scenarios involving an adult female swimming in contaminated water for one hour, and 
one consuming contaminated vegetation, respectively. All chronic exposures for the general 
public result in doses lower than the upper bound for contact with contaminated vegetation. 

Important impurities of technical grade clopyralid are hexachlorobenzene and 
pentachlorobenzene, which are found at average concentrations of about 2.5 ppm and 0.3 ppm 
respectively. Hexachlorobenzene is a common contaminate found in industrial emissions, at 
hazardous waste sites and on contaminated foods. This impurity is thus found in detectable 
concentrations in most individuals, and background levels of exposure are thought to be around 
1.0 x 10-6 mg/kg/day. The use of clopyralid in the Proposed Program and Alternatives are not 
thought to contribute substantially to ambient levels of the impurity.  

Local exposure to hexachlorobenzene, however, for workers and the public from the use of 
clopyralid was empirically evaluated and discussed in the SERA 2004a risk assessment for 
clopyralid. Calculations were updated in 2006 using version 4.04 of WorksheetMaker. These 
calculations were outdated, however, so Patrick Durkin of SERA Inc. graciously provided a 
workbook completed using WorksheetMaker 6.00.07 that evaluated hexachlorobenzene in 
picloram, and suggested changing the application rate to that applicable to clopyralid (i.e. 8.75 x 
10-7 lb/acre). For workers, the highest dose is associated with the upper bound of broadcast 
spray (1.32 x 10-7), which is well below the background level of hexachlorobenzene (>1 x 10-6). In 
the new version 6.00.7 workbooks, there are no exposure values or assessments for either 
accidental exposure of workers, or acute exposure of the public. All chronic exposures to the 
general public lead to exposures less than the background levels of the compound.  

Glyphosate (Sources: FS WSM v. 6.00.10; SERA 2011b) 
Workbooks were created for each applicable application method (broadcast and direct 

foliar), as well as for more and less toxic formulations for glyphosate using WorksheetMaker. The 
level of exposure did not vary between the more and less toxic formulations of glyphosate. When 
considering general occupational exposure, the central estimate for directed foliar spray (0.026 
mg/kg bw/day) is lower than the broadcast foliar spray estimate (0.045 mg/kg bw/day) at 2 lb 
a.e./acre. The upper bounds of exposure are 0.16 mg/kg bw/day for directed foliar exposure, 
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whereas the upper bound for broadcast exposure was 0.30 mg/kg bw/day. All accidental worker 
exposure scenarios resulted in estimates that were lower than those associated with general 
worker exposure of the equivalent bound, in part because this chemical is not readily absorbed 
through the skin.  

When considering exposure of the public, there is a wide range of estimated exposures, 
ranging from the lower bound of 2.54 x 10-10 mg/kg bw for the scenario of a woman swimming 
for one hour, to the highest upper bound of 4.10 mg/kg bw for exposure resulting from the 
scenario of a child consuming contaminated water after a spill in a small pond. The second 
highest estimated exposure for the public, at an application rate of 2 lb a.e./acre, is 2.70 mg/kg 
bw for an adult woman who consumes contaminated vegetation. All other acute scenarios for 
accidental and incidental events led to exposure estimates lower than 2.70 mg/kg bw, and 
corresponding estimates for chronic exposure were smaller still. 

Hexazinone (Sources: FS WSM v. 6.00.10; SERA 2005) 
The USDA/FS uses both liquid and granular formulations of hexazinone for vegetation 

management. Both of these formulations will be potentially used under the Proposed Program 
and Alternatives. It should be noted that some granular formulations, such as Velpar DF, are 
mixed with water prior to application, and such formulations are evaluated as equivalent to liquid 
formulations in terms of exposure in USDA/FS risk assessments, as the foliage application is the 
same. Only formulations such as Velpar ULW, which are applied in the granular form directly to 
soil, are considered using granular workbooks. The typical application rate of 2 lbs a.i./acre has 
been used both liquid and granular formulations. 

Evidence shows that general worker exposure rates do not differ whether the formulation is 
liquid or granular, whereas accidental exposures do vary between liquid and granular 
formulations. For general worker exposure, broadcast foliar spray has the highest upper bound 
(0.30 mg/kg bw/day) relative to exposure during direct soil or foliar application (0.16 mg/kg 
bw/day). When considering accidental exposures to workers, scenarios involving spills are not 
applicable for granular formulations, while scenarios of wearing of contaminated gloves are 
relevant.  

While most applicable exposure scenarios were below the levels of the general worker 
exposure, this was not the case for all central, upper and lower bounds with the scenario 
involving a contaminated glove being worn for 1 hour. The upper bound for this scenario for 
liquid and granular formulations was 0.33 and 0.23 mg/kg bw/event, respectively. The point was 
made in the SERA assessment that the: 

. . relatively minor difference [between upper bounds of granule and liquid 
formulations] is due to the fact that the upper range of exposure to liquid formulation 
exceeds the solubility of hexazinone in water, a limiting factor in exposures for the 
granular formulation. The high exposure to the liquid formulation appears to be 
associated with the presence of adjuvants in the liquid formulation (probably ethanol) 
that functionally increases the solubility of hexazinone in the field solution. (SERA 
2005, p. 3-18) 
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For the general public, most accidental and non-accidental exposure scenarios pertain to 
both granular and liquid formulations, though direct spray scenarios were not applicable to 
granular application. Doses from acute accidents were lowest for the scenario of a male 
consuming fish after a spill, with granular and liquid lower bounds at 0.016 and 0.0016 mg/kg 
bw/event respectively. By contrast, the highest dose from acute accidents was for the scenario 
that a child consumed water after a spill into a small pond, with both granular and liquid upper 
bounds being about to 4.1 mg/kg bw/event. The acute non-accident scenario that indicates the 
lowest dose relates to a female swimming for one hour in contaminated water, with a lower 
bound of 6.3 x 10-8 mg/kg bw/event for both granular and liquid formulations. The highest dose 
for non-accident scenarios, by contrast, relates to an adult female consuming contaminated 
vegetation, with upper bounds of 2.7 and 1.1 mg/kg/event for liquid and granular formulations 
respectively. 

Overall, chronic exposure scenarios resulted in estimates much lower than acute scenarios 
respectively for both liquid and granule products. The most substantial chronic exposure 
difference between liquid and granular formulations involved chronic exposure to contaminated 
vegetation. The granule formulation ranged from 0.001 to 0.045 mg/kg bw/day, whereas the 
liquid formulation ranged from 0.0095 to 1.14 mg/kg bw/day for the contaminated vegetation 
scenario. The difference between the upper bounds of the two formulations is a factor of 25, 
which likely results from the propensity of the liquid to deposit onto vegetation more readily than 
granules of hexazinone. 

For hexazinone the assumption is made that there is no dissipation in plants over the course 
of the chronic contaminated vegetation scenario. This is due to the soil-active nature of 
hexazinone and its continual uptake into plants through the root system (SERA 1997b). This 
assumption is consistent with a study conducted by the California Department of Pesticide 
Regulation in which low but persistent levels of hexazinone were found in four species of plants of 
interest to Native Americans (CDPR 2002). 

Imazapyr (Sources: FS WSM v. 6.00.10; SERA 2011c) 
While both direct foliar and broadcast application methods are assessed for worker exposure 

in this document, it is acknowledged that broadcast application is not likely with imazapyr. When 
examining general worker  exposure, the upper bound of direct foliar application is 0.02 
mg/kg/day, whereas broadcast application leads to an upper bound of 0.045 mg/kg/day at the 
typical USDA/FS application rate of 0.3 lb a.e./acre. Occupational exposure estimates for 
accidental or incidental exposure scenarios were lower than estimates for general daily 
occupational exposure. The estimate for wearing contaminated gloves for 1 hour, for instance, 
has the highest upper limit for the accidental/incidental exposure scenarios, at only 0.009 mg/kg 
bw/event. 

When considering the general public, the highest upper limit estimate for the acute accident 
scenario of a child consuming contaminated water just after a spill is 0.6 mg/kg bw/event at a 0.3 
lb a.e./acre application rate. As with other chemicals, the parameters for this scenario are 
considered highly arbitrary. The non-accidental acute exposure levels are highest with the 
consumption of contaminated vegetation scenario (i.e. upper bound of 0.41 mg/kg bw/day event 
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at 0.3 lb a.e./acre), though most are considerably lower. The lowest estimate results from the 
scenario of an adult female swimming in contaminated water (2.0 x 10-11 mg/kg bw/event). 
Chronic exposure estimates are much lower than for the corresponding acute exposure scenarios.  

NP9E (Sources: FS WS ver. 2.02; USDA/FS 2003b) 
Central and upper estimates for general worker exposure are higher for broadcast spray 

application (0.037 and 1.01 mg/kg bw/day respectively) than for direct foliar applications (0.53 
and 0.01 mg/kg bw/day). The highest accidental/incidental exposure estimate for workers relates 
to individuals wearing a contaminated glove for one hour, and resulted in a central estimate of 
0.01 mg/kg bw/event, with a range of 0.0019 to 0.066 mg/kg bw/event.  

For the general public, most exposure estimates were lower than the general worker 
exposures, with the exception of accidental exposures involving the public. The accidental 
scenario that lead to the highest exposure involved a child consuming contaminated water from a 
small pond, which had a typical exposure of 0.46 mg/kg bw/event, with exposures ranging from 
0.14 to 1.71 mg/kg bw/event Beyond the contaminated water scenario, other accidental event 
estimates ranged from 1.25 mg/kg bw/day for short-term consumption of contaminated fruit, to 
3.6 x 10-6 mg/kg bw/day for a woman making dermal contact with contaminated vegetation. As 
with other chemicals, accidental exposure scenarios should be regarded as extreme, but to some 
extent plausible. Chronic exposure scenarios for the general public led to a wide range of upper 
limits, from 2.0 x 10-6 to 0.02 mg/kg bw/day. 

Sulfometuron methyl (Sources: FS WSM v. 6.00.10; SERA 2004c) 
While both direct foliar and broadcast application methods are assessed for worker exposure 

in this document, it is acknowledged that broadcast application is not likely with sulfometuron 
methyl. Exposure estimates for workers are highest for broadcast application, with central and 
upper bounds of 0.001 and 0.007 mg/kg bw/day at the typical Forest Service rate of application 
of 0.045 lb/acre. Directed foliar application, by contrast, leads to central and upper exposure 
estimates of 0.0006 and 0.004 mg/kg bw/day. Exposure estimates for accidental exposures 
related to workers fell within the ranges of the general exposures for workers. 

There is variation as to whether exposure estimates for the general public were higher or 
lower than those for general worker exposures. The highest short-term accidental exposure 
involves a small child consuming water from a small pond that has been contaminated (upper 
bound of 0.094 mg/kg bw/day). As with other chemicals, this scenario is particularly implausible 
and arbitrary. The highest estimates for acute and chronic non-accidental exposure to members 
of the public were substantially lower and related to the consumption of contaminated broadleaf 
vegetation (upper bounds of 0.06 mg/kg bw/event and 0.0097 mg/kg bw/day, respectively). By 
contrast, the lowest estimates for acute and chronic non-accidental exposure involved an adult 
female swimming in contaminated water for 1 hour (1.4 x 10-12 mg/kg bw/event) and an adult 
male consuming contaminated fish (2.3 x 10-10 mg/kg bw/day).  

Triclopyr (Sources: FS WSM v. 6.00.10; SERA 2011d) 
As discussed in the USDA/FS risk assessment, the standard worker exposure rates (mg/kg 

bw/lb/acre) that are typically used to evaluate general occupational exposure are not applicable 
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to all forms of triclopyr. Current evidence regarding dermal absorption suggest that no exposure 
rate adjustments are needed for the TEA form of triclopyr, though the BEE form of triclopyr was 
found to have a much higher exposure rate than the standard (Table 5.17.25). Thus, the USDA/FS 
adopted rates established in a particular study for backpack spraying (Middendorf 1992b as 
referenced in SERA 2011d) and to use this information to adjust the rates for broadcast foliar 
application methods. SERA (2011d) contains details of studies and the rationale used by the 
Forest Service to adapt the exposure rates of BEE. Substantial differences were found in the risk 
characterization of TEA and BEE for workers. 

For worker exposure, BEE form had a higher dose rate than the TEA form regardless of 
application method. That said, broadcast application led to higher exposure estimates than direct 
foliar application for both TEA and BEE. For example, the upper bound for broadcast application 
of BEE was 0.588 mg/kg/day, whereas the same exposure for TEA was 0.15 mg/kg/day, at an 
application rate of 1 lb. a.e./acre. The upper bound accidental/incidental exposure estimates for 
TEA involving workers were below the upper bound for general exposures (i.e. <0.15 mg/kg/day) 
likely during broadcast application of TEA. This was also true for BEE applications, except for BEE 
exposure from wearing contaminated gloves, which led to an exposure of 7.49 mg/kg/event at an 
application rate of 1 lb a.e./acre.  

When considering public exposure scenarios, the consumption of water by a child shortly 
after a spill led to the greatest exposure rate for both BEE and TEA (upper bound of 2.05 
mg/kg/day). Consumption of broadleaf vegetation shortly after spraying led to the next highest 
exposure rate for both forms of triclopyr (upper bound of 1.35 mg/kg/day). Other scenarios 
involving skin contact and consumption of contaminated water, fish, vegetation and fruit resulted 
in substantially lower exposures, with upper bounds ranging from 6.0 x 10-10 to 0.07 mg/kg/day. 
Whether considering occupational or public exposure, triclopyr TEA may cause moderate to 
severe ocular damage if splashed into the eye, though this potential effect is only qualitatively 
considered in the most recent USDA/FS risk assessment. 

The metabolite 3,5,6-trichloro-2-pyridinol (TCP) is known to be more toxic than triclopyr, 
particularly to some aquatic organisms, and thus the potential exposure was quantitatively 
assessed for the USDA/FS risk assessment using all available information. The accidental spill 
scenario led to a peak concentration of triclopyr in water of about 1.8 (0.23 to 18.2) mg a.e./L. 
While no such direct comparative data exists for TCP, the concentrations after aquatic triclopyr 
application have been determined in several studies, and this information has was used to 
approximate spill information as discussed in SERA (2011d). After aquatic applications, triclopyr 
was several magnitudes higher than TCP in concentration. In the Forest Service risk assessments, 
studies evaluating concentrations of triclopyr and TCP were used to approximate “the 
concentrations of TCP in a pond following an accidental spill are estimated at about 0.0077 
(0.0004 to 0.13) mg/L” (see SERA 2011d). Scenarios involving direct spraying or drift of triclopyr 
into ponds and streams would lead to exposure levels much lower than those for similar direct 
spill scenarios, and as a result TCP levels would also be much less. Calculations of pond and 
stream contamination vary depending on several environmental and application factors, as 
modeled in Gleams-Drivers (SERA 2007a).  
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Given the toxicity of TCP, the Forest Service risk assessment evaluated the contamination of 
fruits, vegetable, and water using models with what limited information was available. TCP was 
found to be “somewhat more persistent in soil when compared to triclopyr, but less persistent 
than triclopyr in water.”  Acute and chronic exposure to triclopyr is greater through consumption 
of vegetation than compared to fruit (e.g. acute upper bounds: 1.35 and 0.19 mg/kg/event 
respectively). Exposure to TCP through consumption of vegetation and fruit also follows this 
pattern (e.g. acute upper bounds 0.38 and 0.053 mg/kg/event respectively), though overall 
exposure to TCP is less than for triclopyr. 

5.17.2.1.4 Dose-Response Assessment 
In addition to understanding the likelihood of human exposure from chemical applications, 

described in 5.17.2.1.3, it is important to consider how the amount, or dose, of a chemical affects 
the degree or severity of risk (SERA 2012). In USDA/FS assessments, this is quantified in terms of 
Reference Doses (RfD) or Reference Concentrations (RfC) for each chemical. The units for oral doses 
(RfD values) are mg/kg/day, whereas inhalation doses are measured as RfC values, in mg/m3. These 
values are most often taken directly or derived from U.S. EPA studies, as the U.S. EPA is better 
equipped to provide analysis and review that is outside of the scope of USDA/FS risk assessments. 
Beyond clear budgetary benefits, this approach promotes information sharing between federal and 
state agencies and other organizations, rather than a duplication of efforts. In the SERA (2012) 
report reference doses are described as “point estimates (single numbers rather than ranges) of 
doses that are not believed to be associated with any adverse effect and that are not directly 
related to a dose-response model.”  Using a reference dose methodology ensures a conservative 
approach to dose-response assessment.  

Both chronic and acute RfDs are used to characterize risk in USDA/FS risk assessments. 
According to SERA (2012) “[c]hronic RfD values are intended to estimate dose levels associated with 
a negligible or at least defined level of risk over a lifetime of exposure.”  Chronic No-Observed-
Adverse-Effect-Level (NOAEL) values used are typically based on long-term (chronic or subchronic) 
toxicity studies, or multigenerational studies (SERA 2012). When there is no NOAEL available, a 
Lowest-Observed-Adverse-Effect-Level (LOAEL) may be used in conjunction with an uncertainty 
factor (UF). RfD values result from experimental toxicity values (NOAEL or LOAEL) divided by 
uncertainty factors. Uncertainty factors are typically established in factors of 10. If several factors 
are applicable to the data of a particular NOAEL used for establishing a chemical RfD, the factors are 
multiplied to determine an overall uncertainty value. For example, several of the chemicals under 
consideration were assigned an uncertainty factor of 100, which in some cases represents a factor 
of 10 for differences between species multiplied by a factor of 10 for within species uncertainty.  

While comparable to chronic RfDs conceptually, acute RfD values are intended to only assess 
risks associated with one day or less of exposure to a chemical (SERA 2012). Acute RfDs have only 
recently been determined for U.S. EPA risk assessments, and are determined differently, depending 
on the chemical, for Forest Service assessments (ibid). There seems to be little difference, however, 
between acute and chronic toxicity of chemical agents that appear to have weak dose-duration 
relationships, and in such cases the chronic RfDs are used (ibid). When risks are apparent, further 
attempts should be made to categorize these risks. Table 5.17.27 displays RfD values used in the 
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most current USDA/FS risk assessments for chemicals that will potentially be used in the Proposed 
Program and Alternatives. 

Table 5.17.27 
Reference Doses (RfD) Values Used By the USDA/FS for Proposed Chemicals 

Active Ingredient 
ACUTE  
mg/kg 

bw/event 

CHRONIC 
mg/kg 

bw/day 
References 

2,4-D 0.025 0.005 USDA/FS 2006a, p. 3-38 
Borax chronic used 0.200 SERA 2006a, p. 3-21 

Clopyralid  0.750 0.150 SERA 2004a, p. 3-27 
Glyphosate chronic used 2.000 SERA 2011b, p. 102 
Hexazinone  4.000 0.050 SERA 2005, p. 3-35 

Imazapyr chronic used  2.500 SERA 2011c, p. 47 
Sulfometuron methyl  0.870 [1] 0.020 SERA 2004c, p. 3-23 

Triclopyr 1.000 0.050 [2] SERA 2011d, p. 71 
TCP - Triclopyr metabolite 0.025 0.012 SERA 2011d, p. 71 

NP9E 0.1  0.100 [1] USDA/FS 2003b, p. 29 
[1] While the USDA/FS usually uses the RfD determined by the U.S. EPA, additional data was used to 
establish this value. [2] Also the acute RfD value for women of childbearing age. 

Dose-severity relationships are important to consider only when plausible exposures are above 
a level of concern (LOC). Given the conservative nature of exposure and dose-response assessments 
done by the USDA/FS, no elaboration was needed in cases where upper ranges of plausible 
exposure are below the LOC. However, when risks were apparent, the Forest Service would 
compare any, often sparse data, such as LOAELs and NOAELs, though explicit dose-response models 
were not used. The intention for doing this type of dose-response assessment allowed for estimates 
when explicit data is lacking, which can then be discussed in the risk characterization section for 
each chemical. 

Chemicals potentially used under the Proposed Program and Alternatives are not classified as 
carcinogens, although some impurities and/or metabolites in technical grade active ingredients or 
surfactants have the potential to be carcinogens. Hexachlorobenzene, for example, is a 
manufacturing by-product of clopyralid that is a known carcinogen. The U.S. EPA determines values, 
known as the cancer potency factors, to approximate the cancer risk of chemicals. These values are 
adopted from the U.S. EPA for use in Forest Service risk assessments. 

2,4-D (Sources: FS WSM ver. 6.00.10; USDA/FS 2006a) 
The acute and chronic RfDs used in the current USDA/FS risk assessment are 0.025 and 0.005 

mg/kg bw/day respectively. The acute RfD was based on maternal toxicity symptoms, and was 
taken in order to be protective of women that are of child bearing age. Chronic toxicity and 2-
generation reproduction studies were used as the basis for the chronic RfD, with a NOAEL of 5 
mg/kg/day, and are considered protective of developmental effects and children. Both acute and 
chronic RfDs were derived by the U.S. EPA using an uncertainty factor of 1000, by multiplying 
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factors of 10 associated with differences in sensitivity between and within species, as well as 
uncertainty in the database due to a lack of studies that fulfill the latest requirements (e.g. 2-
generation reproduction) and the use of an LOAEL. 

Borax (Sources: FS WSM ver. 6.00.10; SERA 2006a) 
The U.S. EPA used two developmental studies on boric acid and borates to establish a chronic 

RfD of 0.2 mg B/kg/day for boron. Decreased fetal weights observed during these studies on rats 
served as the most sensitive endpoints. This was calculated using a benchmark response (BMR) 
level, divided by an uncertainty factor of 66, which considers both interspecies and sensitive 
individual variability. No acute RfD has been established for boron at the time the Forest Service 
risk assessment was written, and thus, the chronic RfD was also used for one-day exposures.  

Clopyralid (Sources: FS WSM ver. 6.00.07 & 6.00.10; SERA 2004a) 
The Forest Service used acute and chronic RfD values of 0.75 and 0.15 mg/kg bw/day for 

clopyralid, as derived by the U.S. EPA. An acute NOAEL of 75 mg/kg bw/day was the basis for the 
short-term RfD. A NOAEL of 15 mg/kg bw/day from a 2-year dietary study was used to establish 
the chronic RfD. An uncertainty factor of 100 was used to obtain both acute and chronic RfD 
values. As is commonly observed in chronic toxicity studies, changes in body, liver and kidney 
weights were noted in several additional studies with clopyralid. It was also indicated that some 
mammals developed thickening in some epithelial tissue. The importance of this less common 
effect is not well understood. The majority of the anticipated exposures were below the RfD and 
those that were above the RfD only marginally exceeded this dose. Thus, there was no need for 
further modeling to complete the risk characterization.  

As mentioned in Section 5.17.2.1.2.9, technical grade clopyralid is contaminated with 
hexachlorobenzene and pentachlorobenzene. The presence of these contaminants was 
quantitatively evaluated in the Forest Service risk assessment, to a limited extent. Due to the low 
abundance of these contaminants in technical grade clopyralid and the low potency of each 
contaminant relative to clopyralid, these contaminants were not anticipated to substantially 
influence any systemic-toxic effects associated with clopyralid. The carcinogenicity of 
hexachlorobenzene, however, was considered separately using the U.S. EPA’s cancer potency 
parameter.  

Glyphosate (Sources: FS WSM v. 6.00.10; SERA 2011b) 
The chronic RfD of 2 mg/kg bw currently used in Forest Service risk assessments was derived 

by the U.S. EPA Office of Pesticide Programs, based on a chronic developmental study using 
rabbits that defined both an NOAEL of 175 mg/kg bw/day and definitive LOAEL of 350 mg/kg 
bw/day. Two uncertainty factors of 10 (one for sensitive individuals and one for species 
extrapolation) were multiplied, for a total uncertainty factor of 100. There is no acute RfD defined 
by the U.S. EPA, so the chronic RfD of 2 mg/kg bw/day was used for both acute and chronic 
exposure characterizations in the USDA/FS assessment.  

Some reservations regarding the use of this RfD are discussed in detail in the Forest Service 
assessment. Moreover, this RfD was established using technical grade glyphosate, though some 
surfactants, such as POEA, are known to have comparable or greater toxicity than glyphosate. 
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Thus, the RfD equivalency of technical grade glyphosate and mixtures containing POEA 
surfactants may be questioned. The NOAEL was then divided by the UF, and in the case of 
glyphosate, the result was rounded. As discussed in the USDA/FS risk assessment, surfactants in 
glyphosate formulations have the potential to be more toxic in some circumstances, however, 
currently there is not compelling evidence that would suggest an alternative RfD is necessary for 
formulations used in the U.S. The margin between the NOAEL and LOAEL is narrow when 
considering that some dam mortality was observed at the LOAEL, which indicates that the NOAEL 
may be viewed as a frank effect level. Concern should be given for any doses that exceed the RfD 
of 2 mg/kg bw/day, especially in terms of sensitive individuals, though defining a clear threshold 
for adverse effects is difficult for glyphosate.  

Hexazinone (Sources: FS WSM v. 6.00.10; SERA 2005) 
The USDA/FS adopted the acute and chronic RfD values of 4 mg/kg bw/event and 0.05 mg/kg 

bw/day, as derived by the U.S. EPA. The acute RfD was based on reproductive/ developmental 
studies using rabbits and rats that resulted in NOAELs of 400 mg/kg bw/day. This dosage was 
then divided by an uncertainty factor of 100. The chronic RfD, by contrast, was developed from a 
study that resulted in a NOAEL of 5 mg/kg bw/day using dogs. Again an uncertainty factor of 100 
was used, which in this case consisted of two factors of 10 to account for species-to-species 
extrapolation and sensitive subgroups. 

Imazapyr (Sources: FS WSM v. 6.00.10; SERA 2011c) 
A chronic RfD of 2.5 mg/kg bw/day was established by the U.S. EPA and used in the USDA/FS 

risk assessment, based primarily on a dog study with a NOAEL of 250 mg/kg bw/day, which is 
reinforced by additional rat and mice studies. Uncertainty factors of 10 for sensitive individuals in 
the human population and 10 for species extrapolation were multiplied, for an overall 
uncertainty factor of 100. There is no acute RfD defined by the U.S. EPA, so the chronic RfD of 2.5 
mg/kg bw/day was used for both acute and chronic exposure characterizations in the USDA/FS 
assessment. Dose-severity relationships could not be made, in part because doses could not be 
associated with any adverse effects and none of the HQs exceed the LOC. Thus far, data does not 
show that young animals are more susceptible to adverse effects from imazapyr exposure. 

NP9E (Sources: FS WS ver. 2.02; USDA/FS 2003b) 
The U.S. EPA has not derived an RfD for this surfactant active ingredient. A NOEL of 10 mg/kg 

bw/day for NP, however, was used by the USDA/FS to establish a chronic RfD, by dividing by an 
uncertainty factor of 100 to account for interspecies and intraspecies differences. Using an RfD 
based on NP is protective of both NP and the less toxic NP9E, and is specifically protective of 
estrogenic or reproductive effects. Acute exposures of NP9E are not anticipated to be associated 
with any adverse health effects at doses of 0.1 and 0.4 mg/kg bw/day. These RfD values are 
based on NP, but in reality only a portion of NP9E would degrade into the more toxic NP 
compound. 

Sulfometuron methyl (Sources: FS WSM v. 6.00.10; SERA 2004c) 
Contrary to the approach taken in most Forests Service risk assessments, acute and chronic 

RfD values were not adopted from the U.S. EPA. No acute RfD has been established by the U.S. 
EPA for sulfometuron methyl. One developmental study using rats, however, established a 
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NOAEL of 86.6 mg/kg bw/day based on observed decreases in maternal and fetal body weights 
after 10 days of gestational exposure. The Forest Service uses this study to establish a provisional 
acute RfD of 0.87 mg/kg/day that was calculated using the NOAEL of 86.6 mg/kg/day and an 
uncertainty factor of 100. Although the U.S. EPA uses a chronic RfD of 0.24 mg/kg/day, the  more 
conservative provisional RfD of 0.02 mg/kg bw/day was derived by the Forest Service from a 
chronic feeding study using rats. This study had a NOAEL of 2 mg/kg bw/day as a result of 
hematological effects in male rats. An uncertainty factor of 100 was used, which represents two 
factors of 10 to account for species to species extrapolation and sensitive subgroups.  

Triclopyr (Sources: FS WSM v. 6.00.10; SERA 2011d) 
The U.S. EPA established acute and chronic RfDs for triclopyr, and separate RfD values for the 

metabolite 3,5,6-4 trichloro-2-pyridinol (TCP), which are used in USDA/FS risk assessments without 
adaptations. The RfD values for triclopyr are 1.0 and 0.05 mg/kg bw/day for acute and chronic 
exposure respectively. Each of these RfD values was derived from NOAEL findings from studies 
using rats. The UF used to calculate both RfD values was 100.  

The acute RfD of 1 mg/kg bw/day was intended to be used for the general population. This 
RfD was established because marked maternal toxicity in rats was not seen until a dose of 300 
mg/kg bw/day was administered, although fetal toxicity was observed with a dose of 100 mg/kg 
bw/day. However, the RfD of 1 mg/kg bw/day was not acceptable for human females of 
reproductive age (13 to 50 years) due to maternal toxicity being observed at 30 mg/kg bw/day 
with a NOAEL of 5 mg/kg bw/day for the developmental study. Thus, the more conservative RfD 
of 0.05 mg/kg bw/day for both acute and chronic exposure is most appropriate for women in this 
age group (SERA 2011d, p. 72). 

Triclopyr contains the metabolite/degradate 3,5,6-trichloro-2-pyridinol (TCP), which has the 
potential to be toxic, so this compound is quantitatively assessed. Acute and chronic RfDs, of 
0.025 and 0.012 mg/kg bw/day respectively, were derived by the U.S. EPA and adopted by the 
Forest Service. Both of these RfDs were derived using a UF of 1000, because, as with triclopyr, 
there were uncertainties relating to species to species extrapolations and sensitive individuals. In 
addition to these a third factor was added to account for the potential for children having a 
higher sensitivity to TCP than adults.  

The acute RfD originated from a developmental study of triclopyr resulting in a NOAEL of 25 
mg/kg bw/day that was then divided by a UF of 1000 for TCP. This resulted in an RfD of 0.025 
mg/kg bw/day. By contrast, the data that was used to establish the chronic RfD for TCP was 
derived from a chronic study on dogs. A NOAEL of 12 mg/kg/day resulted from this study as well 
as a LOAEL of 48 mg/kg/day. Once divided by 1000, as done for the acute RfD, the resultant RfD 
that remains for chronic exposure is 0.012 mg/TCP/kg bw/day. 

5.17.2.1.5  Risk Characterization 
In Forest Service risk assessments, the exposure and the dose-response assessments are used 

to quantitatively characterize risks. Hazard quotients (HQ) are values used to categorize risk for 
systemic toxicity effects (SERA 2012). All HQ values are directly proportional to the chemical 
application rate (i.e. an HQ value of 2 at an application rate of 1 lb a.e./acre would be 6 at an 
application rate of 3 lb a.e./acre). For acute exposures, HQs are in units of mg/kg bw/event whereas 
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chronic exposures are in units of mg/kg bw/day. The HQ is usually calculated by dividing a projected 
level of exposure by an acceptable level of exposure, such as an RfD (ibid). Generally, an HQ greater 
than 1 indicates that risk is above the Level of Concern (LOC), or unacceptably high for the situation 
being considered, and that adverse health outcomes may be plausible. By contrast, an HQ less than 
or equal to 1 indicates that exposures are below the LOC and adverse effects are not expected. Still, 
when HQ values are 1 or greater, the plausibility of scenarios and assumptions made for each 
scenario should be considered before conclusions regarding risk levels are drawn. For example, the 
parameters set for the scenario relating consumption of contaminated water after a pond spill is 
designed to show varying consequences of spilling different amounts of the chemical under 
consideration (USDA/FS 2006a). The amounts of a chemical spilled are set at the amounts needed to 
treat from 1 to 100 acres. Such assumptions in this scenario are arbitrary and may be unrealistic. 
Given its arbitrary nature, this scenario can usually be used only to quantitatively assess risk to a 
limited extent. 

When characterizing risk, it is important to consider the severity of the toxicological effects 
used to establish effect levels. Distinctions between adverse effect levels (AELs) and frank effect 
levels (FEL, defined as “gross and immediately observable signs of toxicity”) are important. These 
levels are subject to misinterpretation, so judgments should be made with caution (SERA 2012). 
When no FELs are found, this implies that no overt effects are anticipated, though this does not 
mean that all HQs are acceptable or comparably acceptable. In some cases, hazard levels of 
exposure may be greatly exceeded and humans may be asymptomatic. This does not mean, 
however, that subclinical changes have not occurred that should justify rational people to minimize 
exposure to chemicals. It needs to be emphasized that for the risk characterizations that follow, 
regardless of studies and findings, “[a]bsolute safety cannot be proven and the absence of risk can 
never be demonstrated” (ibid). There are always uncertainties, such as those associated with using data 
from surrogate mammals to represent human health risk. Thus, individuals should remain prudent and 
minimize chemical exposure when possible.  

Biologically sensitive individuals also need particular consideration as part of chemical risk 
characterization. Certain individuals have severe sensitivities when exposed to chemicals, often 
even when the chemical is below levels of concern (ibid). Individuals who are biologically sensitive 
to chemicals are those who are significantly more sensitive than the general population. Factors 
such as age (young or old), lifestyle and behavior, as well as the presence of genetic conditions or 
pre-existing disease states, may increase susceptibility to chemicals (ibid). Individuals who are at a 
high risk due to a high level of exposure, however, are not included in this group. There is also a 
condition referred to as multiple chemical sensitivities (MCS), which is where individuals report 
having multiple sensitivities to different types of chemicals, including pesticides (SERA 2011b). 
These individuals notice effects at very low doses relative to folks without MCS. To date, there is 
debate about whether this condition is psychosomatic, but regardless, the condition exists (ibid). 
This condition has been particularly noted in the case of glyphosate.  

In the risk characterization section of each USDA/FS risk assessment, “connected actions” are 
also evaluated in terms of adverse effect risks. The Council on Environmental Quality (CEQ) defines 
connected actions as actions that are closely related, and they are connected if they:  
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(i) Automatically trigger other actions which may require environmental impact 
statements. (ii) Cannot or will not proceed unless other actions are taken previously 
or simultaneously. (iii) Are interdependent parts of a larger action and depend on the 
larger action for their justification (40 CFR 1508.5). 

In terms of USDA/FS risk assessments and pesticide use, connected actions most 
commonly refer to adverse effects associated with inert ingredients, metabolites, impurities, 
and synergism. As applicable, these actions are summarized below for each chemical being 
proposed for use.  

In Forest Service risk assessments on specific chemicals, risk is characterized in terms of 
cumulative effects, when appropriate. The USDA/FS described the cumulative effects section of a 
chemical-specific risk assessment as considering “known chemical interactions or actions, which 
taken in consideration with the proposed pesticide use, would affect the quality of human health 
and the environment (i.e. modify risks to human health and ecological receptors within the context 
of the risk assessment)” (USDA/FS 2006a). Given the scope of the chemical risk assessment, the 
Forest Service makes no attempt to identify and consider all agents that could potentially interact 
with a specific chemical. When applicable, the USDA/FS and the risk assessment in this PEIR make 
an attempt to discuss interactions and associated effects in terms of the most current information. 
The cumulative effects discussed in this section only relate to chemical interactions. For the full PEIR 
cumulative effects analysis, see Chapter 6 of this document. 

2,4-D (Sources: FS WSM ver. 6.00.10; USDA/FS 2006a) 
Occupational exposure has the potential to result in adverse health outcomes, as several of 

the HQs are higher than 1 at lower, typical and upper application rates. General occupational 
(long-term) exposure leads to unacceptable risk (HQs > 1) at central and upper bounds for lower 
(0.5 a.e./acre), typical (1 lb a.e./acre) and upper (4 lbs a.e./acre) application rates when applied by 
either broadcast foliar and direct spray. These HQs of concern range from 1.3, for the central 
bound of direct foliar spray at 0.5 lb a.e./acre, to 121 for the upper bound of broadcast spray 
application at 4 lb a.e./acre. Workers applying 2,4-D using broadcast foliar spray methods have 
greater risk of adverse effects compared to those using direct foliar application. When the 
application rate is 1 lb a.e./acre, for example, the upper bound HQs are 30 for broadcast spray 
and 16 for direct foliar spray. Accidental/incidental exposure of workers is only of concern (HQ > 
1) for the scenarios involving a worker wearing contaminated gloves (upper bound: HQ for 1 
minute of 1.6, HQ for 1 hour of 94). When the application rate is 4 lbs a.e./acre, the upper bound 
HQs for wearing a contaminated glove for 1 minute and 1 hour were both far above the level of 
concern at 6 and 376 respectively. For 2,4-D, aggressive measures are warranted to provide 
workers with adequate protective clothing free of any gross contamination. 

Many of the central and upper bounds for scenarios of the general public indicated that 
adverse health outcomes are plausible. Hazard quotients exceed levels of concern, for example, 
for the upper limits of scenarios involving direct spray (HQ 3), consumption of contaminated 
water by a child (HQ 41), and the consumption of fish by subsistence populations (HQ 4) at the 
lower application rate (0.5 lb a.e./acre). Also of concern at an application rate of 0.5 lb a.e./acre 
were the upper bounds for both acute and chronic scenarios involving consumption of 
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contaminated fruits (HQs of 4 and 3) and vegetation (HQs of 27 and 19). All these HQ values 
double when considering risk at the typical application rate (1 lb a.e./acre). This means, for 
example, that scenarios involving short- and long-term consumption of contaminated broadleaf 
vegetation by an adult female, at the typical application rate, leads to respective upper bound HQ 
values of 54 and 38. The central bound acute and chronic HQs are also above the levels of concern 
for the vegetation consumption scenario at 1 lb a.e./acre (HQs of 6 and 5 respectively). For acute 
accidental exposure scenarios at the upper application rate (4 lbs a.e./acre), all upper bounds 
exceed the level of concern (HQ range is 3 to 328), with contaminated water consumption after a 
spill by a child having the highest HQ. The levels of concern were far exceeded for the non-
accidental acute and chronic consumption of contaminated fruit (upper bound HQs of 30 and 21) 
and vegetables (upper bound HQs of 216 and 152), as well as the non-accidental acute 
consumption of water by a child (upper bound HQ 8) at the highest application rate (4 lbs 
a.e/acre). 

While upper bounds are above the level of concern for some direct spray and water 
contamination scenarios, the design of these scenarios makes them highly arbitrary and 
implausible, as discussed previously. With acute consumption of contaminated fruits and 
vegetables, maternal toxicity or acute neurotoxicity are potential effects of concern based on 
multiple (past and current) acute RfD values. While these scenarios are highly unlikely, they are 
standard extreme scenarios that are used in all Forest Service risk assessments as an indicator of 
the most serious exposures which could result from accidental spraying of members of the 
general public. All pesticide applications are conducted in a manner to avoid accidental spraying 
of members of the general public; however, this scenario suggests that such caution is particularly 
warranted with the use of 2,4-D. 

When proposing the use of 2,4-D, it is particularly pertinent to characterize risk associated 
with sensitive subgroups and connected actions. When considering sensitive subgroups, 
reproductive age females are particularly sensitive to 2,4-D, which is taken into account by the 
conservative RfDs used. In addition, young, old, immune-compromised and/or malnourished 
individuals, as well as individuals who have diseases involving the integrity of the cell membrane, 
are thought to be more susceptible to the adverse effects of 2,4-D. The use of sunscreen may also 
exacerbate the effects of 2,4-D by increasing dermal absorption. In terms of connected actions, 
the use of 2,4-D in conjunction with other particular herbicides has been implicated in causing 
synergistic effects on the immune, neurological and/or reproductive systems. Furthermore, risk to 
humans and the environment is thought to be associated with some impurities and inert 
ingredients found in 2,4-D formulations. There is currently no evidence, however, that such 
contaminants significantly impact the risk of 2,4-D use.  

While there is not empirical evidence of cumulative effects associated with the use of 2,4-D, 
they are suspected to occur in certain circumstances. Given that 2,4-D is known to induce 
programmed cell death (apoptosis), for example, it is not unreasonable to suspect that when 
mixed with a similar chemical, additive, synergistic or inhibitory effects might occur with several 
chemicals that affect cell membranes and cell metabolism. 
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Borax (Sources: FS WSM ver. 6.00.10; SERA 2006a) 
Only some of the standard worker and public exposure scenarios usually used by the USDA/FS 

are applicable to the use of borax, as it is only applied directly as a dry substance to freshly cut 
stumps of trees. Of general and accidental worker exposure scenarios, only the ones that involve 
wearing contaminated gloves for a minute or one hour were applicable, and even at the upper 
application rate (5 lbs a.i./acre) none of the HQ values indicated that toxic effects were plausible. 
When considering scenarios pertaining to general public exposure, the standard direct spray 
scenario was adapted to assess the hazards of a child consuming dry borax from a stump. The HQ 
values for this scenario indicated that adverse effects are plausible at typical and upper 
application rates. At the typical rate (1 lb a.i./acre) the central, lower and upper HQ values were 
4.2, 2.1, and 16.2 respectively, whereas HQ values were 21.2, 10.6 and 80.9 at the upper 
application rate (5 lbs a.i./acre) for the direct consumption scenario. According to SERA 2006a, 
such “estimated levels of exposure are below levels of exposure associated with nonlethal effects 
such as diarrhea and vomiting…”. Thus, if a child consumes borax from a stump, the child would 
likely experience vomiting and diarrhea as symptoms of toxicity. The only other applicable 
standard scenarios included acute and chronic consumption of borax contaminated water. Of 
these scenarios, HQ values are only above levels of concern for central and upper bounds at an 
application rate of 5 lbs a.i./acre for a child consuming water contaminated by borax shortly after 
a spill (HQ values = 1.2 and 3.6 respectively).  

Certain precautions should be used when handling boron products. Borax is known to be an 
eye irritant (sometimes severe), and be absorbed more rapidly through damaged skin compared 
to intact skin. While no scenarios specifically evaluate these factors, borax usually only comes in 
contact with eyes and damaged skin when the chemical is mishandled. Individuals with large areas 
of damaged skin should avoid using boron products such as Sporax®. Moreover, prudence should 
be taken to ensure that proper pesticide application procedures be followed, such as wearing 
appropriate personal protection equipment, implementing sound hygiene practices and using 
proper pesticide handling procedures.  

Other factors important to risk characterization of borax include sensitive subgroups, 
connected actions, and cumulative effects. Developing fetuses are a primary target of boron 
exposure. Since the RfD is based on the adverse fetal effect of weight loss, the reproduction 
related subgroups are accounted for throughout the entire Forest Service risk assessment. Testes 
are also targeted in male mammals and thus, while data is currently lacking, males with underlying 
testicular dysfunction may be at an increased risk of testicular issues induced by boron exposure. 
Connected action consideration is not a concern since borax is not mixed with other chemicals. In 
terms of cumulative effects, multiple exposures are not concerns given that the chronic RfD was 
used to calculate risk through the entire boron assessment. The concern is also lessened by the 
fact that boron is ubiquitous in nature. Exposures occur naturally at rates of 0.14 to 0.36 
mg/kg/day and the Forest Service application rates do not substantially contribute to the already 
existent background levels. 
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Clopyralid (Sources: FS WSM ver. 6.00.07 & 6.00.10; SERA 2004a) 
The application rate of clopyralid is restricted to a maximum of 0.25 lb a.e./acre in California, 

and this rate is used as the typical and central rate of application for evaluation in this PEIR, given 
that it is lower than the typical rate used by the USDA/FS.  

Empirical evidence does not indicate that use of clopyralid poses unreasonable risk to 
workers and member of the public. At an application rate of 0.25 lb a.e./acre, none of the general 
or incidental exposures to workers lead to HQ values above the level of concern. Similarly, none of 
the short or long-term exposure scenarios relating to the general public approach a level of 
concern based on central estimates. Only the upper bounds of scenarios involving a child drinking 
water after a spill, and chronic consumption of contaminated vegetation, resulted HQ values just 
over the level of concern (1.7 and 1.2 respectively). The exposure scenarios for the consumption 
of contaminated water and vegetation are arbitrary scenarios: scenarios that are more or less 
severe, all of which may be equally probable or improbable, easily could be constructed. 
Nonetheless, these acute scenarios help to identify the types of scenarios that are of greatest 
concern and may warrant the greatest steps to mitigate. For clopyralid, as with most other 
chemicals, spills of relatively large amounts into a small body of standing water and clopyralid 
applications on or near vegetation that might be collected for food would require remedial action 
to limit public exposure. 

Though not assessed quantitatively, evidence suggests that dermal and ocular damage may 
occur when in direct contact with high levels of clopyralid acid, so precautions should be taken, 
such as wearing personal protection equipment to avoid direct contact while handling clopyralid. 

Current evidence does not clearly indicate that there are subgroups sensitive to or connected 
actions affiliated with clopyralid exposure. In toxicity studies clopyralid has been implicated in 
causing decreased body weight, increased kidney and liver weight, deceased red blood cell counts, 
as well as hyperplasia in gastric epithelial tissue. However, the likely critical effect in humans 
cannot be identified and effects are not consistent among test species or even between different 
studies on the same species Thus, it is unclear if individuals with pre-existing kidney, liver, or 
blood diseases would be particularly sensitive to clopyralid exposures (SERA 2004a, p. 3-35). 
Regarding potential connected actions, although clopyralid may be applied in combination with 
2,4-D or other herbicides, “there are no data in the literature suggesting that clopyralid will 
interact, either synergistically or antagonistically with these or other compounds” (SERA 2004a, p. 
3-36). 

Using the assumptions and methods typically applied in Forest Service risk assessments, there 
is no plausible basis for asserting that the contamination of clopyralid with hexachlorobenzene or 
pentachlorobenzene will result in any substantial risk of cancer in workers applying clopyralid 
under normal circumstances. According to the clopyralid risk assessment, the Forest Service has 
adopted a cancer risk level of one in one-million (1÷1,000,000) as a trigger that would require 
special steps to mitigate exposure or restrict and possibly eliminate use. In the case of 
hexachlorobenzene that contaminates clopyralid, the highest risk level is at about 3 in 
100,000,000. The scenario that leads to this highest estimate involved a subsistence population 
consuming contaminated fish. This was the primary scenario for exposure to hexachlorobenzene 
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because of the tendency for the chemical to bioconcentrate from water into fish tissue. The 
prolonged use of clopyralid at the highest plausible application rate, 0.25 lb. a.e./acre, could 
approach a level of concern in areas with small ponds or lakes used for fishing and in areas with 
local conditions that favor runoff. In such cases, site-specific exposure assessments and/or 
monitoring of hexachlorobenzene concentrations in water could be considered. 

Glyphosate (Sources: FS WSM v. 6.00.10; SERA 2011b)  
When using the HQ approach to assessing risk from exposure to glyphosate, values indicate 

that concern for workers is minimal. The highest HQ for worker exposure is the upper bound for 
general broadcast spraying (HQ of 0.2 at typical application rate of 2 lb a.e./acre). Similarly, at the 
highest rate of application used by the USDA/FS of 8 lbs a.e./acre, the highest upper bound 
associated with workers participating in broadcast foliar application (HQ of 0.6).  

In terms of general public exposure, only two of the public exposure scenarios indicate the 
potential for adverse effects related to glyphosate exposure (HQ values greater than 1). The 
accidental acute exposure scenario involving contaminated water after a spill, for example, has an 
upper bound HQ of 2.1 at the typical application rate (2 lbs a.e./acre), and 8.1 at the upper 
application rate (8 lbs a.e./acre). The only non-accidental exposure of potential concern involves 
consumption of contaminated vegetation shortly after application, with an upper bound HQ of 1.4 
for the typical application rate (2 lb a.e./acre) and 5.4 at the upper application rate (8 lb a.e./acre). 
An HQ of 5 may raise concerns regarding adverse health effects to pregnant women and 
fetotoxicity. Chronic exposure scenarios never resulted in levels of concern, even when the 
maximum application of 8 lbs a.e./acre was used, as 0.9 was the highest HQ, which was for the 
chronic scenario involving consumption of contaminated vegetation. South American 
formulations that contain surfactants have been associated with genotoxicity, though it is 
currently unclear if this finding is applicable to the U.S. formulations. 

There are some glyphosate specific issues, such as sensitive subgroups, connected actions, 
and cumulative effects, which can only be qualitatively discussed. Sensitive subgroups include 
women and fetuses, but these are accounted for since a developmental study was used to 
establish the NOAEL and subsequent RfD. While not well understood, MCS may be a potential 
concern for glyphosate, as with other chemicals. For glyphosate use, the most important 
connected action is associated with surfactants. Given that glyphosate functions to inhibit some 
mixed-function oxidases, this is a plausible mechanism of interaction for other chemicals that 
function similarly. There has been no evidence of such effects, however, and this is only likely to 
be a potential when glyphosate is applied at much higher rates than done by the Forest Service or 
likely under the Proposed Program and Alternatives. Individuals may be exposed to glyphosate 
applied by the USDA/FS though several routes (e.g. contaminated water and fruit), though this is 
thought to be inconsequential, particularly since the consumption of contaminated vegetation is 
the only substantial exposure scenario. The Food Quality Protection Act requires chemicals that 
have the same mode of action relating to toxicity be assessed, but currently the U.S. EPA has not 
determined if glyphosate shares toxicity mechanisms with other chemicals.  

Some glyphosate formulations may pose the risk of skin and eye irritation. As stated in SERA 
2011b, the original Roundup formulation is about as irritating to the skin as standard dish washing 
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detergents, all-purpose cleaners, and baby shampoos. This risk characterization, however, may 
not be applicable to all formulations of glyphosate that contain a surfactant. Some surfactant 
containing formulations of glyphosate appear to be greater irritants to the skin and eyes 
compared with other nominally similar formulations. Because formulations may change over time, 
care should be taken to read and understand the MSDS for any formulation of glyphosate which 
may contain a surfactant. 

Hexazinone (Sources: FS WSM v. 6.00.10; SERA 2005) 
Risks to workers are the dominant element in the risk characterization for potential effects in 

humans. The highest HQ associated with accidental/incidental exposure of worker is well below 
the LOC (HQ values ≤ 0.2) for all scenarios at the upper application rate of 4 lbs/acre, regardless of 
application method. The upper bounds of general exposure for workers is above the LOC at a 
typical rate of 2 lbs/acre, regardless of whether liquid and granular formulations of hexazinone 
are applied by broadcast (HQ of 6) or directed foliar (HQ of 3) methods. Since HQ values are 
proportional to the application rate, HQ values double when considered at the upper application 
rate of 4 lbs/acre. It should be noted, however, the lower bounds of hazard quotients for general 
worker exposure do not exceed a level of concern at typical or upper application rates. The simple 
interpretation of these hazard quotients is that worker exposures to hexazinone during 
application are likely to exceed exposures that would generally be regarded as acceptable unless 
workers follow prudent handling practices that minimize exposure. 

In addition to hazards associated with systemic toxicity, hexazinone can cause eye irritation. 
Quantitative risk assessments for irritation are not derived; however, from a practical perspective, 
eye irritation is probably the overt effect that is most likely to be observed as a consequence of 
mishandling hexazinone. This effect can be minimized or avoided by using sound industrial 
hygiene practices during handling of the chemical.  

For the general public, few of the scenarios led to HQ values above the LOC. One such 
scenario of acute accidental exposure involves consumption of contaminated water after a spill 
into a small pond, which results in an upper bound HQ of 2, for the highest application rate (4 lbs 
a.e./acre). While no acute non-accidental scenarios resulted in HQ values that substantially 
exceed the level of concern at the upper application rate, the highest value is associated with 
consumption of contaminated vegetation (i.e. upper bound HQ of 1.4 for liquid formulations). 
Chronic scenarios with the highest upper HQ values are those associated with consumption of 
contaminated vegetation (HQ of 45 at 4 lbs/acre) and fruit (HQ of 6 at 4 lbs/acre) after the 
application of liquid formulations. Remaining chronic scenarios, other than those relating to 
vegetation and fruit consumption, resulted in upper bound HQ values ≤ 0.2 for liquid formulations 
at the upper application rate. The risk of exposure is much lower for granular formulations of 
hexazinone. Upper HQ values, for example, associated with consumption of contaminated 
broadleaf vegetation and fruit are 1.8 and 0.3 respectively for granular formulations. 

As discussed in SERA 2005, the chronic RfD is based on a NOAEL of 5 mg/kg/day. The 
corresponding LOAEL was about 40 mg/kg/day based on minor body weight changes and changes 
in blood chemistry indicative of liver toxicity. This LOAEL is a factor of 8 above the NOAEL. At the 
highest dose tested, about 160 mg/kg/day and a factor of 32 above the NOAEL, effects included 
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decreased body weight gain, more pronounced changes in blood chemistry indicative of liver 
damage, and some changes in the liver. The relationship of the experimental NOAEL to the LOAEL 
or higher doses cannot be used as a direct measure of plausible effects in humans at doses above 
the chronic RfD. Nonetheless, the hazard quotient of 6 at the lowest application rate (0.5 lb 
a.i./acre) is a concern. The hazard quotient of 23 at the application rate of 2 lbs a.i./acre and the 
hazard quotient of 45 at an application rate of 4 lbs a.i./acre are clearly a serious concern. Given 
that granular application methods result in less residue on plants, particularly on the leaves of 
broadleaf vegetation and other plant parts that might collect similar levels of residue, this method 
should be favored over liquid hexazinone applications where public consumption of contaminated 
vegetation is probable. 

Other factors that should be considered include sensitive subgroups, connected actions and 
cumulative effects. Hexazinone can induce fetal resorptions and other adverse developmental 
effects, so pregnant women and developing offspring may be sensitive subgroups particularly 
vulnerable to adverse effects of hexazinone. This potential has been explicitly accounted for given 
that the developmental endpoint was used in the risk assessment. The literature does not report 
any other subgroups that may be sensitive to hexazinone and there is no indication that it causes 
allergic responses or sensitization. In terms of connected actions, while there is almost no 
information available on the interaction of hexazinone with other compounds, there is no 
indication that the inerts and adjuvants in its formulations will increase the toxicity of hexazinone 
in humans or mammals. It is not unreasonable, however, to suspect hexazinone would interact 
additively, synergistically or antagonistically with chemicals that share similar metabolic pathways. 
Such potential connected actions are beyond the scope of the risk assessment in this PEIR and are 
not evaluated by the Forest Service or the U.S. EPA. Cumulative effects may result from repeated 
exposures, multiple routes of exposure (i.e., oral and dermal), or exposures to chemicals that have 
connected modes of action. Forest Service risk assessments consider the effects of multiple, long-
term exposures, evaluating risk in terms of both acute and chronic exposures to workers and the 
general public. 

Imazapyr (Sources: FS WSM v. 6.00.10; SERA 2011c) 
No hazards have been identified for this chemical other than the potential for eye irritation. 

None of the scenarios result in an HQ that exceeds 1 when calculated at an application rate of 1 lb 
a.e./acre. When using the maximum application rate of 1.5 lb a.e./acre the only exposure scenario 
that exceeded an HQ of 1 was from the upper exposure limit on drinking water from a pond 
immediately after a spill (HQ 1.2). Given the lack of adverse effects detected, HQ values that do 
exceed 1 are difficult to interpret. Currently, no evidence suggests that systemic effects are likely 
to occur among workers and the general public as a result of imazapyr exposure. Eye irritation is 
the only clear risk to humans and is most pertinent to workers. Injury to the eye is most likely to 
occur with occupational mishandling of imazapyr, and thus workers would be prudent to follow 
personal protection measures, such as wearing goggles.  

Given the low toxicity of imazapyr, effects on sensitive subpopulations, the occurrence of 
connected actions, and cumulative effects are thought to be minimal. Because imazapyr is a weak 
acid it would most likely be affected by other weak acids that are similarly excreted by the 
kidneys, though only at unrealistically high doses that nearly saturate kidneys. In terms of 
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connected actions, both the low HQ values and conservative assumptions support that impacts of 
inerts, impurities and metabolites are minimal to imazapyr risk characterization. Potential 
adjuvant interactions, however, are a potential but were beyond the scope of the USDA/FS risk 
assessment for imazapyr (as with other chemicals). When characterizing risk of chemical use, 
cumulative effects may result if humans experience multiple exposures to imazapyr via multiple 
routes and/or events, or if humans are exposed to additional chemicals with the same toxicity 
mechanisms at the same time as exposure to imazapyr. At present, common mechanisms of 
toxicity have not been found between imazapyr and any other chemicals (similar or otherwise). 
Given this, the USDA/FS found no evidence to suspect cumulative effects should occur with the 
use of imazapyr, particularly in lieu of the low chemical toxicity to humans.  

NP9E (Sources: FS WS ver. 2.02; USDA/FS 2003b) 
No evidence indicates that typical acute and chronic exposures for workers would lead to 

doses that exceed the level of concern, though some of the upper bounds did exceed it. 
Accidental exposure is not anticipated to cause adverse health effects, with the highest HQ of 0.7 
from wearing a contaminated glove for one hour. The upper bounds of general worker exposure 
resulted in levels above concern, with the level of concern being double for broadcast application 
(HQ of 10) than directed ground spray (HQ of 5). Despite the high levels of concern at the upper 
bounds, there is not a high likelihood that workers will use such high levels (the upper application 
rate of 6.68 lb a.i./acre or 40 gallons per acre of a 2.5% solution) of surfactants containing NP9E 
on a chronic basis. Additionally, workers are expected to use industrial hygiene practices while 
handling chemicals, which are not accounted for in worker exposures. 

For members of the public, chronic exposure leads to levels below concern, though some 
accidental exposure scenarios lead to exposures of concern. According to the USDA/FS risk 
assessment, there should not be any substantial risk of long-term exposure to NP9E-based 
surfactants to the public. Only the scenarios for consumption of contaminated water (spill or 
ambient/drift) and/or fish (the latter for subsistence populations), as well as contaminated fruit 
exposures lead to acute or accidental exposures with unacceptable risk. The scenario relating to 
consumption of water by a child after a spill leads to the highest risk at typical, lower and upper 
exposures levels (HQ values of 5, 1.4 and 17 respectively). Beyond water consumption after a spill, 
only the upper bounds of other scenarios were above the level of concern. As discussed in 
USDA/FS 2003b, an HQ of 5 represents a risk of subclinical effects to the liver and kidney. The 
upper HQ of 17 represents an increasing risk of clinical effects to the kidney, liver, and other organ 
systems. These finding indicate that oral, rather than dermal, exposures are of the greatest 
concern for NP9E, and help determine where the greatest mitigations may be necessary to 
minimize exposures to the public. 

NP9E exposures directly to the eye may lead to irritation and damage when at relatively high 
levels, and undiluted NP9E may lead to skin sensitization. Such exposures, however, are only likely 
to occur in cases where the chemical is mishandled, and thus the use of personal protective 
equipment and industrial hygiene procedures are imperative.  

There are several groups of people that have the potential to be part of sensitive subgroups. 
There is some indication that some sensitive individuals are prone to develop contact allergies 
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related to NP9E exposures. In addition, there is evidence that NP9E targets the kidneys and liver in 
mammals, so sensitive subgroups may consist of those individuals that have pre-existing 
impairment of the liver or kidneys. According to the Forest Service risk assessment, the likelihood 
of NP9E inducing reproductive effects should be low, though acute exposures may occur that are 
within the range where fetal effects may occur, therefore pregnant women could be considered a 
sensitive subgroup.  

Potential connected actions and cumulative effects of NP9E are important to consider. NP9E 
has not been connected to any antagonistic or synergistic interactions relating to human health 
effects when mixed with other chemicals. This group of surfactants is not known to increase 
dermal absorption of herbicides and synergistic effects are not expected with repeated exposures 
of NP related compounds. Toxicological response appears to be dependent on daily doses rather 
than the duration of exposures. Additionally, any repeated-exposure effects should have been 
counted for through use of the chronic RfD. That said, there is the potential for additive estrogenic 
effects to arise if NP related compounds or chemicals that act via similar estrogen-like 
(xenoestrogen) pathways cumulatively reach a high enough concentration. NP9E exposure may 
result from a number of non-forestry related sources (e.g. personal care products, industrial and 
institutional detergents and cleaners, and the environment), and the amount of human exposure 
to NP9E as a result of forestry use may be negligible in comparison.  

Sulfometuron methyl (Sources: FS WSM v. 6.00.10; SERA 2004c) 
At the typical application rate used by the Forest Service (0.045 lb a.e./acre), none of the 

upper limit HQ values for workers or the general public are at or above levels of concern. The 
highest general worker exposure is the upper bound for broadcast application, with an HQ of 0.34 
for at the typical application rate. At the higher application rate of 0.38 lb a.i./acre, however, the 
upper bounds for both broadcast and direct foliar application are above the level of concern (HQ 
values of 2.9 and 1.5 respectively). None of the scenarios for the general public resulted in levels 
of concern at the typical application rate (0.045 lb a.i./acre)  At the highest application rate, 
however, the upper bounds for the scenario involving chronic consumption of contaminated 
broadleaf vegetation indicated that adverse effects are plausible (HQ of 4.1). 

The interpretation by the Forest Service is that an unacceptable level of risk could be 
expected for workers if the maximum application rates are used, the maximum acreage is treated 
per day, and the workers are not prudent in using sound hygiene practices and personal 
protection equipment. Given the low likelihood that all these factors would occur, and the 
conservative provisionary RfDs used by the Forest Service, it is unlikely that workers or the public 
alike would experience observable adverse effects. Proper chemical handling and hygiene 
practices should minimize potential irritation or damage to eyes and skin. Similarly, the risk of 
adverse effects to the public would be reduced or eliminated if lower application rates and fewer 
acres were treated.  

No adverse effects associated sensitive subgroups, connected actions, or repeated exposures, 
were identified in the 2004 risk assessment for sulfometuron methyl conducted for the Forest 
Service. Given hematology and thyroid effects observed in mammalian studies, it was suggested 
that individuals with pre-existing anemia or thyroid function issues may be more susceptible to 
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adverse effects. According to the Forest Service risk assessment, sulfometuron methyl 
formulations have not been connected to synergistic or antagonistic effects related to the mixing 
of sulfometuron methyl with other active ingredients and surfactants. Cumulative effects are not 
anticipated given that repeated exposures were explicitly considered through using a chronic RfD 
to evaluate the level of concern with repeated exposure. 

Triclopyr (Sources: FS WSM v. 6.00.10; SERA 2011d) 
The acute RfD for general worker exposures is 1) less conservative than using the chronic RfD, 

2) only applicable to sporadic applications of triclopyr, and is 2) only applicable to men, so these 
results will not be summarized here (see SERA 2011d for acute details). Overall, triclopyr TEA had 
a higher HQ values than BEE for ground application methods. Based on the chronic RfD of 1.0 
mg/kg bw, central HQ values for workers applying the typical application arte of 1 lb. a.e./acre are 
below the level of concern for both triclopyr TEA and triclopyr BEE, for all ground application 
methods. The upper bound HQ values for all ground application methods at this rate, however, 
were above the level of concern for both TEA and BEE forms of triclopyr. When considering these 
upper bounds, HQ values of TEA range from 1.6 to 3, and BEE values 6 to 12 with the typical 
application rate (1 lb/acre). At the expected upper application rate (6.6 lbs/acre), upper HQ values 
for all ground application methods range from 11 to 20 for TEA; whereas equivalent values range 
from 41 to 78 for BEE.  

Whether the HQ values exceed for public exposure scenarios depends on if the acute or 
chronic RfD is used, the application rate and the form of triclopyr being evaluated. The chronic 
RfD used for females (0.05 mg a.e./kg bw/day) results in HQ values 20 times higher than those for 
males calculated using the acute RfD value (1 mg a.e./kg bw/day). When based on the acute RfD 
of 1 mg/kg/day, accidental exposures of workers to formulations containing triclopyr TEA do not 
lead to HQs that exceed a level of concern. When using the chronic RfD of 0.05 mg/kg bw for 
women, none of the HQs for accidental scenarios for triclopyr TEA formulations exceed a level of 
concern at an application rate of 1 lb a.e./acre either. The highest HQ at 1 lb a.e./acre is 0.02 for 
male and 0.3 for female workers, which is associated with wearing contaminated gloves for 1 
hour.  

When the maximum application rate of 6.6 lbs a.e./acre is used, none of the accidental HQs 
reach a level of concern for male workers. The accidental scenarios for wearing contaminated 
gloves for 1 hour as well as 1-hour exposures resulting from spills onto the lower legs reach upper 
bound HQs of 0.1 for both scenarios, using the acute RfD of 1 mg a.e./kg bw/day. Using the RfD of 
0.05 mg/kg bw/day for female workers results in an HQ of about 3 for both scenarios. For triclopyr 
BEE, the accidental exposure from wearing a contaminated glove for an hour results levels above 
concern when considered for male workers (acute RfD of 1 mg a.e./kg bw/day), with an upper HQ 
of about 8 at the typical rate, and an upper HQ of 50 at the 6.6 lbs a.e./acre. Based on triclopyr 
toxicology, HQs that approach or exceed a factor of 5 could be regarded as clearly unacceptable 
and possibly hazardous. The development of subclinical adverse effects cannot be ruled out. 

Beyond quantitative levels of concern, one of the most likely exposures and risks for workers 
is from chemicals being splashed into eyes, as the chemical is moderately to severely damaging. 
This is an avoidable hazard, as long as workers wear eye protection while handling triclopyr. 
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Risks to the public associated with terrestrial applications of triclopyr TEA and triclopyr BEE 
are identical for many exposure scenarios. For exposure scenarios involving dermal absorption, 
the risks associated with triclopyr BEE formulations are only modestly greater than those for 
triclopyr TEA formulations. The only exposure scenarios of substantial concern involve the 
consumption of contaminated vegetation, and these risks do not differ between TEA and BEE 
formulations of triclopyr. Scenarios of concern involving exposures to TCP are also limited to the 
consumption of contaminated vegetation. The upper bound of the acute exposure scenario for 
the consumption of contaminated vegetation by a young woman is 27, exceeding the 
corresponding upper bounds for general exposures in workers applying triclopyr BEE based on the 
chronic RfD - i.e., HQs of 11 to 22. 

Potential exposures to the TCP metabolite of triclopyr also exceed the level of concern at the 
upper bound of the HQs for both the acute and longer-term consumption of contaminated 
vegetation and fruit. For TCP, the upper bound of HQs for acute exposures is less than the upper 
bound of the HQs for longer-term exposures. For the central estimates and the lower bounds, the 
opposite pattern is apparent. While this may seem incongruous, the calculations are correct and 
reflect the interplay of the lower chronic RfD and the different half-lives used to estimate the 
longer-term time-weighted average doses. 

The qualitative interpretation of the HQs for TCP is similar to that of the HQs for triclopyr. For 
TCP, the LOAEL associated with the acute RfD is a factor of 4 higher than the NOAEL on which the 
RfD is based. As with the discussion of the reproductive NOAELs and LOAELs for triclopyr, this ratio 
does not indicate that adverse reproductive effects would be predicted in humans at an acute HQ 
of 4; however, the relationship of the NOAELs to LOAELs in the animal studies does enhance 
concern for HQs in the range of 4. For TCP, the upper bound acute HQs range from 2 to 15. 

As discussed above, exposure to triclopyr has resulted in adverse developmental effects in 
female mammals, which leads to concerns regarding reproduction and development in female 
humans. Such effects were only found with doses that also caused frank maternal toxicity in 
mammals. Concern is lessened because evidence of frank maternal toxicity or reproductive effects 
in humans was not found associated with the use of triclopyr.  

The primary sensitive subgroups thought to be most susceptible to adverse effects from 
exposure to triclopyr include women of childbearing age and individuals with kidney disease. 
Women of child bearing age are thought to be of concern due to reproductive and developmental 
effects found in exposure studies using mammals. Despite the lack of epidemiological evidence, 
there is a certain level of uncertainty, regarding the possibility of triclopyr causing adverse 
reproductive effects. One Forest Service study demonstrated a marginal relationship between 
herbicide use and miscarriages in woman, which creates a level of uncertainty even though 
triclopyr was not specifically named as one of the herbicides. Current evidence suggests, however, 
that toxicity to a fetus would only occur at doses that also caused frank signs of maternal toxicity. 
Despite the years triclopyr has been used, this chemical has never been implicated in causing 
frank signals of toxicity in male or female humans. Regardless, the current Forest Service risk 
assessment interprets findings to mean that some woman may be exposed to triclopyr at levels 
that are of concern. Individuals with kidney disease may also be at greater susceptibility to 
adverse effects, since the kidneys are the target organ for triclopyr. Despite this concern, 
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however, no evidence associates adverse effects towards people with kidney disease from 
exposure to triclopyr. 

Connected actions of triclopyr are associated with exposure to the triclopyr metabolite 3,5,6-
trichloro-2-pyridinol (TCP). Exposure to TCP is quantitatively considered throughout the human 
and ecological health sections of the Forest Service risk assessment. The U.S. EPA assessments 
consider all exposures to this compound as below the level of concern, although the Agency does 
not consider all oral exposures assessed in the Forest Service risk assessments, as discussed 
previously. Like many herbicides, adjuvants are commonly used with triclopyr and some may be 
hazardous, however, evaluation of each surfactant is beyond the scope of Forest Service risk 
assessments. 

The cumulative effects associated with triclopyr may include those associated with any 
additive effects that could potentially result from mixing of triclopyr with other chemicals, as well 
as effects resulting from repeated exposures. The additive effects associated with mixing 
particular adjuvants with triclopyr are beyond the scope of the USDA/FS risk assessments. It 
should be noted, however, that triclopyr is a weak-acid auxin herbicide, and thus, when mixed 
with other similar weak acids that function by the same mechanisms, such as clopyralid, additive 
risks would result. Repeated exposure is a cumulative effect accounted for by the use of chronic 
exposure information in each Forest Service risk assessment. 

5.17.2.2   Ecological Effects 
5.17.2.2.1   Introduction 

This ecological effects analysis mirrors the protocol used in SERA Risk Assessments (RAs) (SERA 
1996a & b, 1997a & b, 1998a & b, 1999, 2003a & b, 2004a, b, & c, 2005, 2006i, 2010c, 2011d, e, & f) 
and is adapted primarily from those RAs. Information from SERA RAs is supplemented by other 
sources, including a U.S. Forest Service RA for NPE (USDA/FS 2003b) and for 2,4-D (USDA/FS 2006a), 
U.S. EPA RAs for NPE (U.S. EPA. 2010e & f), the U.S. EPA risk assessments for the California red-
legged frog (U.S. EPA 2007b, 2008b & c, 2009d & e), the Alameda whipsnake (U.S. EPA 2009d), and 
endangered and threatened salmon and steelhead (U.S. EPA 2004). 

As discussed above in Section 5.17.1.9 Applicability of Existing Risk Assessments, the chemical 
active ingredients and formulations and surfactants likely to be used in the Proposed Program and 
Alternatives and the parameters under which they will be used are well within the USFS programs 
for which the RAs were developed. To reiterate, chemicals will not be applied directly to water or 
riparian areas under the Proposed Program and Alternatives and they will not be applied aerially. 

As in the human health assessment, the SERA RAs assess ecological effects in four parts, as 
follow:  

1) First, the hazards of specific chemical active ingredient formulations to terrestrial organisms 
(mammals, birds, invertebrates, microorganisms, and plants) and aquatic organisms (fish, 
amphibians and reptiles, invertebrates, and plants) are identified. Hazards are based on 
toxicities to surrogate species tested under controlled conditions. Testing on certain species 
groups, notably amphibians and reptiles, is generally inadequate or non-existent. For these 
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species groups, tests are done on surrogate species, namely freshwater fish as a substitute for 
amphibians and birds as a substitute for reptiles. (Section 5.17.2.2.1) 

2) Next, the potential for exposure to chemicals by terrestrial organisms (from direct spray, 
indirect contact, ingestion of contaminated vegetation or prey, and ingestion of contaminated 
water) and by aquatic organisms (from direct spray, off-site drift, runoff, contaminated 
irrigation water, and wind erosion) are assessed. (Section 5.17.2.2.2) 

3) Then the effects (responses) on terrestrial and aquatic organisms (those tested for hazard 
identification) from potential doses of chemicals are assessed. (Section 5.17.2.2.3) 

4) Finally, the risk of adverse effects is determined for the terrestrial and aquatic organisms 
tested for hazard identification. (Section 5.17.2.2.4) 

For an in-depth discussion of how Syracuse Environmental Research Associates, Inc. (SERA) 
conducts ecological risk assessments, refer to “Preparation of Environmental Documentation and 
Risk Assessments for the USDA/Forest Service” (SERA 2012). The exposure assessments for 
ecological effects are conceptually similar to those conducted in the human health risk assessment, 
and for many terrestrial organisms the exposure assessments are parallel to those used in the 
human health risk assessment. Similarly, exposures of aquatic species are typically based on the 
same estimates of concentrations of the chemical in water that are used in the human health risk 
assessment.  

The following from the SERA RA for hexazinone (SERA 2005, p. xviii) illustrates the uncertainty 
of ecological risk assessments in general, including the one in this PEIR: 

As with most ecological risk assessments, the characterization of risk for 
hexazinone is limited by the comparison of the available data to the number of 
species that might be exposed and the interactions that could occur among these 
species. Hexazinone has been tested in only a limited number of species and under 
conditions that may not well-represent natural populations of nontarget organisms. 
This leads to uncertainties that may result in underestimates or overestimates of risk. 
The methods and assumptions used in both the exposure and dose-response 
assessments are intended to consider these uncertainties by using protective 
assumptions in developing both the exposure and dose-response assessments which 
form the basis of the risk characterization.  

As is true for the human health risk assessment, it needs to be reiterated that absence of risk 
can never be demonstrated and absolute safety cannot be proven. Available data does not, 
however, indicate that significant adverse effects to populations of terrestrial and most aquatic 
sentient organisms are likely from most of the chemicals potentially used under the Proposed 
Program and Alternatives. 

5.17.2.2.2   Hazard (Toxicity) Identification 
5.17.2.2.2.1   Introduction 
As in the human health risk assessment, the results of various types of acute toxicity bioassays 

may be used to classify chemicals into various levels of toxicity, namely highly toxic to virtually 
nontoxic. As with the corresponding classification scheme for human health effects, acute toxicity is 
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only used in the hazard identification to categorize chemicals and is not directly used in the risk 
characterization. To support pesticide registration, longer-term studies in most organisms are also 
required, typically for the active ingredient but not for chemical formulations. 

5.17.2.2.2.1   Terrestrial Organisms 
Toxicity data for terrestrial species from the most recent SERA RAs (SERA 2003a & b, 2004a, b, 

& c, 2005, 2006a, 2011b, c, d), U.S. Forest Service RA for NPE (USDA/FS 2003b) and for 2,4-D 
(USDA/FS 2006a), U.S. EPA RAs for NPE (U.S. EPA. 2010e & f), and/or U.S. EPA risk assessments for 
the Alameda whipsnake (U.S. EPA 2009d) is summarized in Table 5.17.28. Detailed toxicity data for 
each terrestrial species group is included below in 5.17.2.2.2.4 Chemical-Specific Hazard (Toxicity) 
Identification for each chemical analyzed in this PEIR. 

Mammals - As stated in the “Hazard Identification Overview” in SERA 2012, p. 76):  

The hazard identification for wildlife mammals is usually based on the same information 
considered in the human health risk assessment, and this information is typically much more 
detailed than the information available on other groups because studies are often available on 
both lethal and sublethal effects. Data on the other groups is typically much less detailed. 
While information on sublethal effects is often available for some groups, much of the 
information consists of acute bioassays for lethality. This reflects a major conceptual difference 
between human health and ecological risk assessment. Human health risk assessment focuses 
on preventing the occurrence of any effect in any individual. Ecological risk assessment tends 
to focus on preventing adverse effects at the population level. 

Many of the pesticides used by the Forest Service, particularly the herbicides, are weak acids. 
Weak acids are often removed from the blood by the kidney, with eventual secretion in the urine. 
Part of this process involves active transport from the blood into kidney cells. This active transport 
process in dogs is much less active than the active transport process in primates and other 
mammals. Consequently, dogs are less able to eliminate weak acids and may be substantially more 
sensitive to weak acids than other mammals. Thus, in risk assessments on weak acids, any available 
information on the pharmacokinetics or toxicity of the compound in dogs relative to other 
mammalian species will be emphasized. If dogs appear to be more sensitive than other mammals, 
this may be considered further in the dose-response assessment and separate NOAEL or NOEC 
values may be derived for dogs and other canids. These values may then be used to characterize 
risks for other canid species that may be covered in the risk assessment – e.g., the consumption of a 
small mammal by a predator such as a coyote or wolf. 

Birds - Information on the toxicity of pesticides to birds is typically much more limited than that 
for mammals. While some toxicity studies on birds may be available in the open literature, most of 
the information is usually from studies required specifically by the U.S. EPA for the registration of 
pesticides. 

The acute studies, both oral and dietary, most commonly involve tests on mallard ducks and 
northern bobwhite quail. The acute oral study involves administration of a single dose and is 
observed for 14 days, although this period can be extended to 21days if mortality is seen. As with 
the mammalian oral study a limit test may be conducted at a single dose of 2,000 mg/kg. If no 
mortality occurs, the LD50 value may be expressed as >2,000 mg/kg and no additional testing is 
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required. As with the mammalian studies, the risk assessment will distinguish this type of 
information from studies in which some, but less than 50%, mortality occurred at the maximum 
dose. 

The avian acute dietary toxicity study is similar to the acute oral study in general design and test 
species. Occasionally, however, other species may be used such as pigeon, Japanese quail, ring-
necked pheasant, and red-legged partridge. The chemical is administered in the standard diet for a 
period of 5-days, and is sometimes referred to as a 5-day dietary or 8-day dietary study, which can 
lead to some confusion if the duration of exposure is not clearly distinguished from the duration of 
observation. As with the acute oral study, the duration of observation can be increased up to 21 
days if signs of toxicity are noted during the standard 3-day post-exposure observation period. 
Either the acute oral study or acute dietary study will often serve as the basis for an acute NOAEL or 
NOEC that is used in the dose-response assessment for birds. 

Chronic studies in birds analogous to those conducted in mammals – i.e. studies that span a full 
or significant fraction of the life span of the animal – are almost never available. Typically, the 
consequences of longer-term exposure scenarios for birds are evaluated using the avian 
reproductive toxicity study. These studies are generally conducted on mallard ducks or bobwhite 
quail. After egg laying begins, the study is continued for an additional 8 to 10 weeks. During all three 
periods, dietary exposure is maintained and thus the total period of exposure is 16to 21 weeks. 

Reptiles and Amphibians (Terrestrial-Phase) - Data on terrestrial phase amphibians and 
reptiles are typically sparse to non-existent. When data are available, the studies are assessed in a 
manner similar to that used for mammals and birds. Typically avian toxicity studies are substituted 
for those on amphibians. As stated in the U.S. EPA “Risks of 2,4-D Use to the Federally Threatened 
California Red-legged Frog (Rana aurora draytonii) and Alameda Whipsnake (Masticophis lateralis 
euryxanthus)” (U.S. EPA 2009d, p. 110): “[a]s specified in the Overview Document, the Agency uses 
birds as a surrogate for reptiles and terrestrial-phase amphibians when toxicity data for each specific 
taxon are not available (U.S. EPA, 2004).” 

Terrestrial Invertebrates - There is substantial variability in the types of information that are 
available on terrestrial invertebrates. The U.S. EPA assumes that herbicides are generally not 
directly toxic to insects, so only requires relatively simple and standard bioassays: the honeybee 
acute contact toxicity, the honeybee toxicity of residues on foliage, and the earthworm subchronic 
toxicity test. Earthworms and honeybees comprise only a very small fraction of the terrestrial 
invertebrates. The acute contact toxicity study in honeybees is often the only kind of invertebrate 
toxicity study available on herbicides. This acute study is similar in design to acute toxicity studies 
conducted on mammals and birds, but involves direct application. 

The earthworm toxicity test (OPPTS 850.6200) involves exposing a species of earthworm, 
typically Eiseniafetida, to various concentrations of the test compound in soil for a period of 28-
days. The use of limit tests is not discussed in the OPPTS protocol. Range-finding studies are 
conducted as 0.1, 1.0, 10, 100, 1,000 mg/kg dry weight artificial soil. 

Terrestrial Plants (Macrophytes) - The testing requirements for the effects of herbicides on 
terrestrial plants are relatively rigorous, since terrestrial vegetation is the usual target of herbicides. 
Studies on seedling emergence and vegetative vigor are the two basic types of bioassays that are 
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covered and used in Forest Service risk assessments. Seedling emergence studies typically involve 
soil exposure and vegetative vigor studies typically involve direct spray. The former are used to 
characterize risk associated with soil contamination by runoff, and the latter are used to 
characterize risks associated with direct spray or spray drift. 

Terrestrial Microorganisms - Studies on terrestrial microorganisms are not required for pesticide 
registration in the United States. Nevertheless, assays on microbial toxicity submitted directly to U.S. 
EPA for registration involve soil exposures, as these are directly relevant to the risk assessment. 
Many microbial toxicity studies in the open literature involve pure cultures of microorganisms in 
artificial media, such as agar or liquid culture. These types of assays are less directly relevant and 
are clearly distinguished from soil assays in the risk assessment. 
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Table 5.17.28 
Terrestrial Wildlife Acute Toxicity Summary 

Herbicide Sources Mammals Birds Invertebrates 
2,4 D acids USDA/FS 2006a; U.S. 

EPA 2009d 
slightly to moderately toxic 1/ practically nontoxic to moderately toxic practically nontoxic (bees) 

  DMA salt USDA/FS 2006a; U.S. 
EPA 2009d 

slightly to moderately toxic practically nontoxic to moderately toxic practically nontoxic (bees) 

  EHE USDA/FS 2006a; U.S. 
EPA 2009d 

slightly to moderately toxic practically nontoxic to moderately toxic practically nontoxic (bees) 

Boric Acid SERA 2006a      moderately toxic practically nontoxic practically nontoxic 
  Borax (STD) SERA 2006a      moderately toxic practically nontoxic practically nontoxic 
Clopyralid SERA 2004a; U.S. 

U.S. EPA 2009b 
relatively nontoxic slightly toxic particularly nontoxic 

Glyphosate SERA 2011b slightly toxic practically nontoxic practically nontoxic 
  Diammonium Salt SERA 2011b slightly toxic practically nontoxic practically nontoxic 
  Isoproplyamine Salt SERA 2011b slightly toxic practically nontoxic practically nontoxic 
  Potassium Salt SERA 2011b slightly toxic practically nontoxic practically nontoxic 
Hexazinone  SERA 2005 slightly toxic practically nontoxic  slightly to practically nontoxic (bees) 
Imazapyr SERA 2011c.  slightly toxic slightly toxic practically nontoxic (bees) 
Sulfometuron-Methyl SERA 2004c, U.S. 

EPA 2008a 
slightly to practically nontoxic slightly to practically nontoxic practically nontoxic (bees) 

Triclopyr Acid SERA 2011d  slightly toxic slightly to practically nontoxic practically nontoxic (bees) 
  BEE SERA 2011d slightly toxic practically nontoxic practically nontoxic (bees) 
  TEA SERA 2011d  slightly toxic practically nontoxic practically nontoxic (bees) 
NP9E USDA/FS 2003b; U.S. 

EPA 2010e & f 
slightly to practically nontoxic NA NA 

1/ Toxicity ranges (from the most recent SERA, USDA Forest Service, and U.S. EPA RAs) are due to variable toxicities to different species in the same class. NA = no published 
data and/or no reliable data 
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5.17.2.2.2.3    Aquatic Organisms 
Acute toxicity data for aquatic species from the most recent SERA RAs (SERA 2003a & b, 2004a, 

b, & c, 2005, 2006a, 2011b, c, d), U.S. Forest Service RA for NPE (USDA/FS 2003b) and for 2,4-D 
(USDA/FS 2006a), U.S. EPA RAs for NPE (U.S. EPA. 2010 e & f), and/or U.S. EPA risk assessments for 
the California red-legged frog (U.S. EPA 2007, 2008b & c, 2009d & e) and endangered and 
threatened salmon and steelhead (U.S. EPA 2004) is summarized in Table 5.17.29. Detailed toxicity 
data for each aquatic species group is included below in Section 5.17.2.2.2.4 Chemical-Specific 
Hazard (Toxicity) Identification for each chemical analyzed in this PEIR.  

Fish - Three general types of relatively standardized studies may be available on fish: acute 
toxicity studies; egg-and-fry studies, also referred to as early life-stage studies and full life cycle 
studies. To support pesticide registration, longer-term studies in fish and most other organisms are 
typically required for the active ingredient but are not required on pesticide formulations. 

Freshwater species that are commonly used in acute assays preferred by the U.S. EPA include 
rainbow trout and bluegill sunfish. A large number of other freshwater and saltwater species may 
be used. The design of the acute toxicity bioassays is similar to the design of other acute toxicity 
bioassays. Range-finding studies as well as limit assays may be used. The common limit 
concentration is 1000 mg/L – if less than half of the fish die at a concentration of 1000 mg/L, further 
testing may not be required and the LC50 value may be reported as >1000 mg/L. In Forest Service 
risk assessments, NOEC and LOEC values are reported if available. The U.S. EPA will typically use an 
LC50 value for risk characterization while the Forest Service prefers to use an NOEC for sublethal 
effects. 

Early life-stage studies in fish are analogous to mammalian teratology studies. The test involves 
exposing fertilized eggs to various concentrations of the chemical and maintaining the exposure 
until the fish are free-feeding. Freshwater species commonly used in this assay include rainbow 
trout, fathead minnow, zebra fish, and rice fish. The sheepshead minnow is the only saltwater 
species that is typically used. Results are typically reported as NOEC and LOEC values. While these 
studies are not true chronic studies, they are often the only longer-term study available on a 
presumably sensitive life-stage, and these studies often serve as the basis for the longer-term dose 
response assessment in fish. 

Fish life cycle toxicity studies involve essentially egg-to-egg exposures. As with the early life-
stage study, the life cycle study starts with fertilized eggs and continues throughout the life of the 
initial generation and continues until this generation produces eggs. This type of test is almost 
always conducted on either the fathead minnow (freshwater) or the sheepshead minnow 
(estuarine). When available, these tests are used for assessing the consequences of longer-term 
exposures unless egg-and-fry studies on other species appear to be more sensitive indicators of risk 
–i.e., have lower NOEC values.  

Field studies that include observations on fish are occasionally available as well as mesocosm 
(e.g., littoral enclosure) studies. These studies are used to the extent possible as a check on the 
available laboratory toxicity studies. The general limitations on field studies apply to observations 
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from field studies that involve fish. Better controlled mesocosm studies are generally more useful in 
assessing the relevance of standard laboratory studies to potential hazards in the field. 

Amphibians (Aquatic-Phase) – The documented decline of amphibian populations worldwide 
has raised concerns that these species are being impacted by pesticides. Californians for 
Alternatives to Toxics has published a database (“Reptile, Amphibian and Pesticides”, aka RAP) 
(CATS 2006) of the most recent international research on the effects of pesticide use on amphibians 
and reptiles. The list includes over 320 scientific papers published since 1999 on the effects of 
pesticides on amphibians, as well as almost 130 research papers on the impacts of pesticides on 
reptiles. This list was reviewed and 11 citations were found specifically addressing three of the 
chemicals analyzed in this PEIR (nine on glyphosate, one on sulfometuron methyl, and one on 
triclopyr). Some findings from these studies follow. 

Amphibians appear to be especially vulnerable to pesticides as they readily absorb chemicals 
and are cutaneous breathers, breathing through their skin, as well as through a developed pair of 
lungs. It has been found that low levels of pesticides can cause fatal immune system suppression in 
amphibians (Davidson 2002). Field studies show that there are toxicological effects at much lower 
doses than in laboratory studies (Davidson 2004). 

The “Complaint for Declaratory and Injunctive Relief” filed against the U.S. EPA and the U.S. 
FWS by the Center for Biological Diversity on October 19, 2011 in the U.S. District Court, Northern 
District of California, San Francisco Division (CBD v. U.S. EPA & U.S. FWS. 2011), asserts that the 
California red-legged frog (Rana aurora draytonii), California’s largest native frog, has lost more than 
70 percent of its historic range. It is believed that the use of pesticides has significantly contributed 
to the decline of this federally threatened subspecies and continues to pose a hazard to it: 

Because amphibians like the California red-legged frog respire through their permeable 
skin, [so] they are especially vulnerable to chemical contamination. Additionally, the 
California red-legged frog’s eggs float exposed on the water surface, where pesticides tend to 
concentrate. Once hatched, larvae live solely in aquatic environments for five to seven 
months before they metamorphose, making agricultural pesticides introduced into wetlands, 
ponds, and streams particularly harmful. (CBD v. U.S. EPA & U.S. FWS. 2011, p. 9) 

The “Complaint for Declaratory and Injunctive Relief” further states that  

Pesticide contamination may cause deformities, depressed immune system functions, 
endocrine disruption, and death to the California red-legged frog, as well as impairment to 
the frog’s swimming, predator avoidance, reproduction, or other key behaviors. Pesticides 
can also adversely affect the frog by impacting its food supplies and habitat. (ibid, p. 10) 

Due to their sensitivity to chemical contaminants, California red-legged frogs are a 
strong barometer for the health of California’s human residents. Ultimately, the pesticides 
found in the frogs’ habitat also migrate into Californians’ drinking water, food, homes, and 
schools, posing a disturbing health risk. (ibid) 

The “Complaint for Declaratory and Injunctive Relief” requests the court to order the 
completion of interagency consultations between the U.S. EPA and the U.S. FWS on the 
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effects of 64 pesticides on the federally listed California red-legged frog, including five of the 
herbicides proposed for use in the Proposed Program and Alternatives (2,4-D, glyphosate, 
hexazinone, imazapyr, and triclopyr) and one (atrazine) that might be used off-Program. 
Until the consultation process has been completed, it requests the Court to order 
restrictions on, or prohibit use of, the 64 identified pesticides where they may affect the 
California red-legged frog or its habitats. 

Battaglin and Fairchild (2002) found that: 

There has been relatively little research directed at determining the risk of 
environmental mixtures of pesticides to non-target aquatic organisms. This research 
gap is due to several factors: (1) the difficulties arising from weather and the timing 
and rate of application in estimating exposures of organisms to various chemicals; 
and (2) the expense of conducting toxicity tests on the myriad of potential pesticides 
(and nutrient) mixtures found in the environment. 

“Environmental mixtures”, as used in the above quote, are the combinations of pesticide(s) and 
chemicals in the environment, including nutrients. 

Amphibians (e.g., frogs, salamanders, and toads) are cold-blooded animals that spend time 
both on land and in water, but breeding and development typically occur in water. Although the 
amount of information on the toxicity of pesticides to amphibians is increasing, very little toxicity 
data are generally available on amphibians compared to other aquatic species. The most commonly 
available study is the Frog Embryo Teratogenesis Assay – Xenopus (FETAX) bioassay. This study 
typically involves exposing frog embryos to the test chemical for a 96 hour period. The study is 
similar in design to acute toxicity study in fish in terms of the number of concentrations and 
reporting of results. The endpoints include observations of mortality as well as malformations. 

Testing of certain species groups, notably amphibians (especially terrestrial adults) and reptiles, 
is inadequate or non-existent for most chemicals. As stated in the U.S. EPA “Risks of 2,4-D Use to 
the Federally Threatened California Red-legged Frog (Rana aurora draytonii) and Alameda 
Whipsnake (Masticophis lateralis euryxanthus)” (U.S. EPA 2009d, p. 104):  

Although several registrant-submitted and ECOTOX studies evaluating the acute 
toxicity to aquatic-phase amphibians were reviewed, EFED [Environmental Fate and 
Effects Division] determined that the use of freshwater fish data is preferable to the 
use of aquatic-phase amphibian data because it is unknown where the CRLF would 
fall on a species sensitivity distribution. Because amphibian data is not required from 
the registrant, it is EFED’s standard approach to use freshwater fish as a surrogate for 
aquatic-phase amphibians. In addition, because acute amphibian data were less 
sensitive than acute freshwater fish data, the use of freshwater fish as a surrogate 
provides a more conservative estimation of risk to the aquatic-phase CRLF. Chronic 
aquatic-phase amphibian toxicity data were not available. 

Because of the relative scarcity of data available on toxic effects to amphibians and the high 
level of concern with effects on amphibians, any available information on effects to amphibians are 
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typically reviewed in some detail. If the data are sufficient, these data are used in the dose-response 
assessment. 

Aquatic Invertebrates - Many aquatic invertebrates are relatively simple organisms to culture 
and test in aquatic toxicity studies, and standard acute toxicity protocols from U.S. EPA are available 
on a number of invertebrate species. These tests are similar in design to acute toxicity studies in 
fish, although some may involve somewhat shorter periods of exposure – e.g., the daphnid study 
typically only lasts for 48 hours. Acute toxicity studies will often be available in the open literature 
as well and may be conducted on a large number of different species, although the overall designs 
of most studies are similar to those (and often follow) standard protocols from either the U.S. EPA. 
Chronic studies on invertebrates are generally limited to daphnids or mysid shrimp. These are true 
chronic studies. The chronic daphnid study is typically the only study available on the chronic 
toxicity of a pesticide to freshwater invertebrates. 

Aquatic Plants - Aquatic plants comprise both macrophytes (large multicelluar plants) and algae 
(microscopic plants). Bioassays in aquatic algae typically involve freshwater green alga, a freshwater 
diatom, amarine diatom, and a blue-green alga or cyanobacterium. The duration of exposure for 
algae is typically 48-hours. Bioassays on macrophytes typically use a species of duck weed and the 
duration for duckweed assays is typically 7-days to 14-days. Both types of studies measure growth 
(either as cell count, gross weight or length, or frond count) and express results as effective 
concentrations (e.g., EC50) rather than lethal concentrations. As with most other types of bioassays, 
the studies often report NOEC and LOEC values, and NOEC values are typically used in the dose-
response assessment. Field studies may be relatively abundant for some herbicides, particularly for 
those that are intended for aquatic weed control. These studies may be directly useful in the dose-
response assessment as long as concentrations in water are reported and can be associated with 
NOAECs or LOAECs. 
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Table 5.17.29 
Aquatic Organism Acute Toxicity Summary 

Herbicide Sources Aquatic Invertebrates Fish Amphibians 
2,4 D acids USDA/FS 2006a; EPA 2009d slightly to practically nontoxic practically nontoxic  practically nontoxic (tadpoles) 

  DMA salt USDA/FS 2006a; EPA 2009d slightly to practically nontoxic practically nontoxic  practically nontoxic (tadpoles) 
  EHE USDA/FS 2006a; U.S. EPA 

2009d 
slightly to moderately toxic slightly to highly toxic highly toxic 

Boric Acid SERA 2006a      practically nontoxic practically nontoxic practically nontoxic 
  Borax (STD) SERA 2006a      practically nontoxic practically nontoxic practically nontoxic 
Clopyralid SERA 2004a practically nontoxic practically nontoxic no data 
Glyphosate 2/ SERA 2011b; U.S. EPA 2004, 

2008b 
practically nontoxic slightly to practically nontoxic (slightly to practically nontoxic) 1/ 3/ 

  Diammonium Salt SERA 2011b; U.S. EPA 2004, 
2008b   

practically nontoxic slightly to practically nontoxic (slightly to practically nontoxic) 

  Isoproplyamine Salt SERA 2011b; U.S. EPA 2004, 
2008b   

practically nontoxic slightly to practically nontoxic (practically nontoxic) 

  Potassium Salt SERA 2011b; U.S. EPA 2004, 
2008b 

practically nontoxic slightly to practically nontoxic (slightly to practically nontoxic) 

Hexazinone  SERA 2005; U.S. EPA 2008c practically nontoxic practically nontoxic  no data 
Imazapyr SERA 2011c; U.S. EPA 2007b practically nontoxic practically nontoxic no data 
Sulfometuron-Methyl SERA 2004c; U.S. EPA 2008a slightly to practically nontoxic1/ slightly to practically nontoxic 1/ (toxic) 3/ 
Triclopyr Acid SERA 2011d; U.S. EPA 2009e (toxic) 

(~90X less than BEE) 
(toxic) 
(~250X less than BEE) 

(toxic) 
(~30X less sensitive than BEE) 

  BEE SERA 2011d; U.S. EPA 2009e highly toxic 
    (~140X more than TEA) 

highly toxic 
    (~240X more than TEA) 

     (highly toxic) 
     (~4X less sensitive than for fish) 6/ 

  TEA SERA 2011d; U.S. EPA 2009e toxic (toxic)  (toxic) 
NP9E 4/ USDA/FS 2003b; U.S. EPA 

2010e & f 
(slightly toxic) 5/ (slightly toxic) 5/ (slightly toxic) 5/ 

1/ Toxicity ranges are due to variable toxicities for different species in the same class. 2/ Some formulations contain surfactants that have been shown to be 
moderately toxic to fish and other aquatic organisms;  3/(toxic) Toxicity characterizations in parentheses are based upon limited data;  4/ Toxicity is variable, 
depending on species;  5/ Toxicity is 100X less than for NP, one of the “highly toxic” parent compounds. 6/This is for triclopyr BEE formulations. No data are 
available on the toxicity of unformulated triclopyr BEE in amphibians. 
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5.17.2.2.2.4   Chemical-Specific Hazard (Toxicity) Identification 
2,4-D (Sources: FS WSM ver. 6.00.10; USDA/FS 2006a) 

The toxicity of 2,4-D salts and esters is generally regarded as equivalent to that of 2,4-D acid. 
Because of the tendency for salts and esters to convert rapidly to the acid form in the terrestrial 
environment and due to the limited toxicity database for birds, 2,4-D acids, salts, and esters are 
pooled for assessment of birds and mammals. For aquatic animals and aquatic and terrestrial plants, 
the toxicity of 2,4-D acid and salts is considered separately from that of 2,4-D esters. 

2,4-D EHE is highly toxic to sentient aquatic lifeforms. One product label (Weed Rhap LV-6D) 
prohibits application of this herbicide “ . . directly to water, or to areas where surface water is 
present or to intertidal areas below the mean high water mark.”  It also prohibits applications “ . . 
when weather conditions favor drift from the target area.” 

Mammals - 2, 4-D acid, and its salts and esters, is slightly to moderately toxic to mammals. 
However, because dogs have a limited capacity to excrete 2,4-D, which is a weak organic acid, it is 
likely to be more toxic to dogs than to humans and most other mammals (SERA 2011g, p. 15).  

Sublethal effects following acute exposure to 2,4-D salts and esters, including maternal toxicity 
in pregnant rats and rabbits at acute doses well below rat LD50 values and neurotoxicity in dogs 
exposed to a single oral dose, have been observed.  

Subchronic and chronic toxicity studies confirm that dogs are more sensitive than rats or mice 
to 2,4-D exposure. However, in both rodents and dogs exposure caused decreases in body weight 
and food consumption and adverse effects on the liver and kidneys.  

2,4-D can cause severe, irreversible eye damage to the eyes of terrestrial organisms. 

Based on studies conducted for U.S. EPA pesticide registration, 2,4-D acid, salts, and esters  do 
not cause effects on reproduction or fetal development in mammals at exposures which do not 
cause maternal toxicity. 

Birds - Acute oral gavage studies on mallard ducks and bobwhite quail show that 2,4-D acid, 
DMA salt, and 2-ethylhexyl ester are all practically nontoxic to moderately toxic to birds. 

In general, studies reported in the open literature support that birds are less sensitive than 
mammals to 2,4-D exposure with regard to maternal toxicity, developmental, and reproductive 
effects. 2,4-D does not cause effects on reproduction or fetal development in birds at exposures 
which do not cause toxic effects in maternal animals.   

Reptiles and Amphibians (Terrestrial-Phase) - No acute or chronic toxicity studies were found 
for reptiles. 

Terrestrial Invertebrates - Relatively little information is available on the toxicity of 2,4-D to 
terrestrial invertebrates. Only two direct contact bioassays using honeybees were reported by the 
U.S. EPA, one using 2,4-D DMA and one using EHE. Based on these tests, the U.S. EPA classifies 2,4-D 
as practically non-toxic to honeybees. 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 115 

 

 

A study in the open literature suggests that 2,4-D may be toxic to parasitic wasps. A limited 
number of studies suggest that the effects of 2,4-D on soil microorganisms and invertebrates are 
possible. 

Terrestrial Plants (Macrophytes) - 2,4-D is a plant growth regulator and acts as a synthetic auxin 
or hormone (U.S. EPA/OPP 2005a, b; WHO 1997). 2,4-D alters the plant metabolism and growth 
characteristics, often causing a proliferation of abnormal growth that interferes with the transport 
of nutrients throughout the plant. Plants readily absorb 2,4-D amine through their roots and leaves. 
The ester forms of 2,4-D are readily absorbed through the leaves. Both the ester and the amine 
forms of 2,4-D are translocated, usually via the phloem, to the meristematic regions of the plant. 
Plants rapidly metabolize both the amine and ester forms of 2,4-D to 2,4-D acid by monooxygenases 
(Benveniste et al., 2005). 

2,4-D is an effective herbicide that kills both target and nontarget species. Broadleaf 
(dicotyledonous) plants are more susceptible than grasses (monocotyledonous plants). If 
precautions are not taken to limit spray drift, 2,4-D causes phytotoxicity in nontarget plants at 
concentrations which are likely to be used under field conditions. 

Due to differences in solubility and toxicity, the toxicity of 2,4-D acid and salts is considered 
separately from that of 2,4-D esters. Based on seedling emergence and vegetative vigor studies, 2,4-
D esters are more toxic than acid and salts. 

2,4-D has been shown to translocate to plant roots and exude from the roots into the surrounding 
soil, posing a risk to nearby plants (SERA 2011e, p. 58), in a process known as allelopathy.  

Terrestrial Microorganisms - Low concentrations of 2,4-D can be stimulatory to soil algae but 
high concentrations retard growth and increase mortality. Concentrations of 2,4-D greater than 
1000 ppm significantly reduced the radial growth of three species of ectomycorrhizal fungi 
(Cenococcum geophilum, Pisolithus tinctorius, and Hebeloma longicaudum) and completely 
suppressed the growth of Tricholoma saponaceum, T. pessundatum, and Amanita citrine. At 
concentrations of 10 ppm, 2,4-D had little effect on the growth of the latter three species. The 
toxicity of 2,4-D to fungi increases with decreasing soil pH. 

Fish - Based on U.S. EPA required studies, the U.S. EPA classifies the toxicity of 2,4-D to 
freshwater and marine fish as practically non-toxic for 2,4-D acid and salts and slightly to highly toxic 
for esters. However, studies from the open literature demonstrate 2,4-D acid acute toxicity for carp, 
white perch, striped bass, lake trout, cutthroat trout, and banded killfish at concentrations lower 
than those observed in the most sensitive species in the studies required by the U.S. EPA. The 
toxicity of 2,4-D also appears to increase as water temperature increases. Acute 96-hour NOEL 
values for 2,4-D EHE reported in the open literature for Coho and Chum salmon fry and for pink 
salmon and rainbow trout fingerlings are lower than those in U.S. EPA required studies. 

The only available studies that address the potential for 2,4-D to adversely affect early growth 
and development in fish were conducted with fathead minnows. These studies demonstrate that 
the esters are more toxic than the acid or salts.  
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Other studies demonstrate pathological changes in kidney tissue among tench (Tinca tinca) 
exposed to 2,4-D for 12 days at one-half the experimentally determined LD50 concentration for this 
species. 

Amphibians (Aquatic Phase) - The U.S. EPA Pesticide Effects Determinations for the risks of 2,4-
D use to the federally threatened California red-legged frog (U.S. EPA 2009d) did not list any toxicity 
studies using aquatic-phase amphibians as study organisms. Acute toxicity testing but no chronic 
toxicity testing on amphibians was found for 2,4-D. These studies are generally of a limited nature 
and for aquatic phase amphibians are mostly done using frog embryos or tadpoles. 

Acute toxicity tests on leopard frogs (Rana pipiens) with 2,4-D acid, salts, and esters showed 
that frogs were most sensitive to 2,4-D EHE (96-hour LC50 =0.505 mg a.e./L) and least sensitive to 
2,4-D acid (96-hour LC50 = 359 mg a.e./L). Toad tadpoles (Bufo melanostictus) appear to be more 
sensitive to 2,4-D acid, exhibiting behavioral abnormalities and later death at a 96–hour LC50 = 8.05 
mg/L. Eggs were more resistant than larvae to herbicides in this species. 

Adult crested newts (Triturus cristatus carnifex) exposed to 2,4-D EHE in water resulted in high 
mortality, especially to males. 

Aquatic Invertebrates - Based on studies required by the U.S. EPA, the U.S. EPA classifies the 
toxicity of 2,4-D acid and salts to aquatic invertebrates as slightly toxic to practically non-toxic while 
the esters are classified as slightly toxic to moderately toxic. 

The most sensitive species in the acute toxicity (96-hour LC50 ) studies used by U.S. EPA is 
Daphnia magna, a very small aquatic crustacean known as the water flea. Larger species of 
crustaceans as well as mollusks appear to be less sensitive to 2,4-D. Based on a comparison of the 
most sensitive species (water flea exposed to 2,4-D acid, with a 96-hour LC50 of 25 mg a.e./L, and 
grass shrimp exposed to 2,4-D EHE, with a 96-hour LC50 of 0.092 mg a.e./L) the esters of 2,4-D are 
more toxic than the salts by a factor of about 271. 

Twenty-one day chronic toxicity studies on water fleas show a similar trend in toxicity, with 2,4-
D  EHE having a NOAEC of nearly 400 times less than for 2,4-D acid and salts.  

Studies in published open source literature corroborate that 2,4-D EHE is more toxic than the 
acid or salts, by factors of about 50-200, somewhat less of a difference than noted above in the 
studies used by the U.S. EPA. As stated in USDA/FS 2006a, (p. 4-11) “While the differences in the 
toxicity of the acid/salts and esters of 2,4-D are reasonably consistent, it should be noted that there 
are no consistent patterns within each group in terms of clear groupings of organisms, and there is 
substantial variability in reported LC50 values within the same species.” 

In tests on several groups of aquatic invertebrates (zooplankton, snails, oligochaetes, and insect 
larvae), the toxicity of 2,4-D increased as water temperature increased 

Aquatic Plants - The U.S. EPA requires a relatively standard group of 5-day studies under 
controlled laboratory conditions on both unicellular aquatic algae as well as aquatic macrophytes. 
Sensitivities to specific formulations of 2,4-D showed trends similar to those for aquatic 
invertebrates. Standard algal cell growth bioassays after exposure to 2,4-D acid and salts showed a 
freshwater diatom to be the most sensitive species (5-day EC50 = 3.88 mg/L and a corresponding 
NOAEC of 0.062 mg a.e./L), to the DMA salt. In contrast, the most sensitive species to 2,4-D EHE 
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exposure was a marine diatom, with a 5-day EC50 = 0.066 mg a.e./L and a corresponding NOAEC of 
0.062 mg a.e./L. The least sensitive species for all formulations were freshwater algae. 

The only study on aquatic macrophytes submitted to the U.S. EPA was on duckweed, a common 
test species. The most sensitive result for 2,4-D acid and salts was obtained with 2,4-D acid, with an 
EC50 of 0.695 mg a.e./L and a NOAEC of 0.0581 mg a.e./L. The most sensitive result for 2,4-D EHE 
was an EC50 of 0.33 mg a.e./L and a NOAEC of 0.062 mg a.e./L. 

Studies in the open literature report a greater range of toxicities, with lower toxicity values for 
common water milfoil and much higher values for sago pondweed. These differences may be 
related to whether the plants are dicots or monocots. 

Borax (Sources: FS WSM ver. 6.00.10; SERA 2006a) 
Under conditions typically found in the environment, borate salts are rapidly converted to boric 

acid. Since organisms are primarily exposed to boric acid in most surface waters and at physiologic 
pHs, information on boric acid is used as surrogate data in this risk assessment and data are 
expressed in terms of the dose or concentration of borate compound (borax or boric acid) and in 
terms of boron equivalents (B), to facilitate comparisons between borax and boric acid. 

Mammals - Although the mode of action of borax and other borate salts in mammals is not well 
understood, based on the results of acute exposure studies, borax is classified as moderately toxic 
to mammals. However, the Sporax® form of borax can cause severe, irreversible eye damage to the 
eyes of terrestrial organisms. 

Developmental studies show that the developing fetus is the primary target for borate-induced 
toxicity. Gestational exposure of rats, mice, and rabbits to boric acid resulted in increased fetal 
deaths and malformations and decreased fetal weight. 

Subchronic and chronic dietary exposure studies in adult rats and dogs show that at higher 
exposure levels adverse testicular effects and infertility can persist for at least 8 months, although at 
lower exposure levels testicular effects and infertility may be reversed. 

Birds - Although acute single and dietary exposure studies have been conducted on borax and 
boric acid in standard avian test species, only limited information is available on either acute or 
chronic effects. 

Acute exposure studies of borax show that it is practically non-toxic to birds, with no significant 
clinical signs of toxicity at dietary concentrations up to 5000 ppm borax (567 ppm B equivalent to 
567 mg B/kg diet). No chronic exposure studies (21-week studies) on borax or boric acid using 
standard test avian species were identified. It appears that longer-term dietary exposure to boron 
compounds results in adverse reproductive effects in avian species. 

Reptiles and Amphibians (Terrestrial-Phase) - No acute or chronic toxicity studies were found 
for reptiles or terrestrial-phase amphibians. 

Terrestrial Invertebrates - No studies on the acute or chronic effects of borax in terrestrial 
invertebrates were identified in the available literature. A single study on the effects of acute topical 
exposure of honeybees to boric acid showed that boric acid is practically non-toxic to honey bees. 
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However, borax is used in the control of termites, ants and house flies, so toxic effects may occur in 
other insects. 

Terrestrial Plants (Macrophytes) - Although boron is an essential trace element for terrestrial 
plants, the amount of boron required for optimal growth and development varies widely between 
species and even between strains of the same species. Excess boron can lead to the development of 
phytotoxicity and the amount of boron required for optimal growth and the amount that is 
phytotoxic can be within a narrow range for some species. 

There are many studies evaluating the phytotoxicity of boron compounds, but few provide data 
that are useful in a quantitative assessment of the risk of boron toxicity. Data are available for only a 
limited number of domestic plants. According to the product label for 

Sporax (Wilbur-Ellis Company, no date), borax spilled or applied to crops may retard plant 
growth or kill plants. The label does not specify which plants species are at greatest risk for borax-
induced phytotoxicity. 

Terrestrial Microorganisms - Boron is apparently not an essential nutrient for soil 
microorganisms. A study of soil treated with borax showed no effect on total soil counts of 
actinomyces, fungi, protozoa and bacteria involved in nitrification. Although data needed to provide 
an adequate assessment of the effects of borax in nontarget microorganisms is unavailable, given 
the effectiveness of borax in the control of annosum root disease, it is likely that borax will have 
effects on nontarget microorganisms. 

Fish - There is limited information available on the effects of acute borax exposure in fish. 
However, since borax is converted to boric acid in water, studies on boric acid can be used. Based 
on these studies, the U.S. EPA classifies borax as practically nontoxic to fish. 

Acute exposure studies on borax using rainbow trout  and western mosquito fish resulted in 48-
hour LC50 values for rainbow trout of LC50 = 387 mg B/L and for mosquito fish LC50 = 930 mg B/L. 
Data is also available for acute exposure to boric acid in bluegill sunfish, rainbow trout, Colorado 
squawfish, razorback sucker, bonytail, and young salmon fry. Razorback sucker fry appear to be the 
most sensitive to acute boron exposure (96-hour LC50 of 233 mg B/L) and rainbow trout appear to 
be the most tolerant species (96-hour LC50 >1100 mg B/L). 

A single open literature publication reported longer-term toxicity studies on borax that were 
conducted using rainbow trout, channel catfish, and goldfish. The studies show a similar degree of 
sensitivity for the three species tested, with the lowest estimated NOAEC (for mortality) of 0.5 ppm 
B for goldfish and the highest estimated NOAEC (for mortality) of 1.0 ppm B for rainbow trout and 
channel catfish. The relative tolerance to borax of the different species cannot be determined, as 
different exposure times were used for each of the three species tested (up to 28 days for trout, 9 
days for catfish, and 7 days for goldfish). 

Amphibians (Aquatic Phase) - Although very little information is available on the effects of 
borax to amphibians, boric acid and borax appear to be practically nontoxic to amphibians. 

As stated in SERA 2006a (p. 4-6): 
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A single study in larval leopard frogs exposed to borax for 7.5 days reports an LC50 of 47 
ppm B, with an estimated NOAEC (for mortality) of 1.0 ppm B and an estimated LOAEC (for 
mortality) of 5.0 ppm B (Birge and Black 1977). Thus, toxicity of borax to leopard frogs 
appears to be relatively low. Results of a study in wood frog, Jefferson salamander, spotted 
salamander, and American toad show that boron concentrations of 50 and 100 mg B/L 
caused a dose-related decrease in proportion of eggs hatching in American toad, while 
hatching was unaffected in the other three species (Laposata and Dunson 1998). In this same 
study, a dose-dependent increase in proportion of deformed larvae was observed in wood 
frog, Jefferson salamander, and spotted salamander (not assessed in American toad) 

Aquatic Invertebrates - Although the “confidential business information” literature did not 
include standard bioassays of the acute or chronic toxicity of borax or boric acid to aquatic 
invertebrates, some studies are available in the open literature. 

Results of acute toxicity studies in Daphnia magna to borax and boric acid show similar LC50 
values for borax (48-hour LC50 = 141 mg B/L) and boric acid (48-hour LC50 = 133 mg B/L). Another 
study indicates that the larval freshwater midge Chironomus decorus is more tolerant than daphnids 
to acute boron exposure, with a 48-hour LC50 value of 1376 mg B/L 

Two chronic toxicity studies in daphnids conducted with boric acid reported similar results. The 
lowest 21-day LC50 value reported is 52.2 mg B/L. The lowest NOAEC value reported for 
reproductive parameters is 6 mg B/L, with a LOAEC for reproductive parameters of 13 mg B/L. 

Aquatic Plants - Although no studies on the effects of borax in aquatic macrophytes were 
identified in the available literature, there are a few studies on the effects of boric acid. Short-term 
exposure studies were conducted with boric acid in water milfoil, water buttercup, and waterweed, 
with similar LC50 values reported for all three plant species (water milfoil and waterweed: 5 mg B/L; 
water buttercup 10 mg B/L). 

A chronic exposure study of boric acid in common reed (Phragmites australis) reported a 2-3 
month NOAEC of 8 mg B/L and a 2-year NOAEC of 4 mg B/L. 

In algae, the 72-hour LC50 values for exposure to boron reported for Scenedesmus subpicatus 
range from 34 mg B/L to 52 mg B/L and the 72-hour NOAEC values range from 10 mg B/L to 24 mg 
B/L, with similar NOAEC values reported for Scenedesmus quadricauda and Microcystis aeruginosa. 

Data reviewed by the WHO on the effects of boron exposure to several species of non-algal 
aquatic microorganisms reported 72-hour NOAEC values ranging from 0.3 mg B/L in Entosiphon 
sulfacum, a flagellate, to 291 mg B/L in Pseudomonas putida. 

Clopyralid (Sources: FS WSM ver. 6.00.07 & 6.00.10; SERA 2004a) 
As stated in SERA 2004a: 

The toxicity of clopyralid is relatively well characterized in experimental mammals but 
few wildlife species have been assayed relative to the large number of non-target species 
that might be potentially affected by the use of clopyralid. Within this admittedly substantial 
reservation, clopyralid appears to be relatively non-toxic to aquatic animals. Thus, the 
potential for substantial effects on non-target species appears to be remote. 
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As with terrestrial species, the available data on aquatic species, both plants and animals, 
suggest that clopyralid is relatively non-toxic. 

Mammals - How clopyralid causes toxicity in mammals has not been determined. No consistent 
toxic effect or set of toxic effects to an organ or an organ system has been attributed to clopyralid. 

The toxicity of clopyralid is relatively well characterized in experimental mammals (rats, mice, 
rabbits, and dogs) and appears to be relatively non-toxic, although it is likely to be more toxic to 
dogs. Although few wildlife species have been assayed relative to the large number of non-target 
species that might be potentially affected, the potential for substantial effects on non-target species 
appears to be remote. 

Birds - Most of the acute toxicity studies of clopyralid involve dietary administration over short 
periods of time (i.e. 5 days) using mallard ducks and bobwhite quail. These studies suggest that the 
dietary LC50 values for both clopyralid and the monoethanolamine salt of clopyralid are above 6000 
ppm.  

A study of direct spray of bobwhite quail eggs at up to 0.56 kg a.e./ha (0.50 lb a.e./acre) caused 
no gross effects (i.e., viability, hatchability, body weight) and no effects on immune function 
(humoral or cell-mediated) in chicks. In California the maximum allowable application rate for 
clopyralid is 0.25 lb a.e./acre, well under the quantity applied in the study. Clopyralid is considered 
only slightly toxic to birds. 

Reptiles and Amphibians (Terrestrial-Phase) - No acute or chronic toxicity studies were found 
for reptiles or terrestrial-phase amphibians. 

Terrestrial Invertebrates - Clopyralid is practically nontoxic to bees and other invertebrates 
tested. 

In several studies involving oral and direct contact exposure to honeybees, no significant 
increase in mortality was noted at doses of up to 0.1 mg/bee.  

Based on a large series of bioassays and field trials of Lontrel 100, a formulation of clopyralid 
that is no longer marketed commercially, clopyralid was classified as harmless (less than 30% 
mortality) to 14 insect parasites and 17 predatory mites in contact bioassays. It was classified as 
slightly harmful (25-50% mortality) to Semiadalia 11-notata (Coccinellidae), Anthocoris nemoralis 
(Anthocoridae), and Chryosperla carnea (Chrysopidae). A 2002 study of direct application effects of 
Lontrel on spiders reported an acute (96-hour) mortality of less than 10%. 

Based on the results of a static bioassay on earthworms, the soil LC50 of clopyralid to 
earthworms is greater than 1000 ppm soil. 

Terrestrial Plants (Macrophytes) - The toxicity of clopyralid to terrestrial plants has been 
examined in substantial detail. Because clopyralid is rapidly absorbed across leaf surfaces but much 
less readily absorbed by roots, it is much more toxic in post-emergent treatments (i.e. foliar 
applications) than in pre-emergent treatments (i.e. application to soil). Clopyralid appears to be 
highly selective in its toxicity to terrestrial plants, being highly toxic to broadleaf plants but relatively 
non-toxic to grasses or grains. The potential for substantial effects on non-target species appears to 
be remote. 
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An 8-year follow-up study of plots treated with Stinger, which like Transline contains the 
monoethanolamine salt of clopyralid, at a rate of 0.28 kg a.e./ha (0.25 lb a.e./acre) (by backpack 
sprayer for the control of spotted knapweed (Centaurea maculosa) showed no substantial or 
statistically significant effect on species diversity or species richness in plants. Some plant families, 
such as Asteraceae and Fabaceae, were impacted. Clopyralid was not detected in soil below 25 cm 
(9.8 inches). In California the maximum allowable application rate for clopyralid is 0.25 lb a.e./acre, 
the same as applied in the study. 

Terrestrial Microorganisms - What little information is available on the toxicity of clopyralid to 
terrestrial microorganisms appears to support that there are little to no toxic effects. 

Fish - Only standard 96-hour acute toxicity bioassays are available for fish. The lowest reported 
LC50 for clopyralid is 103 mg a.e./L in trout. The monoethanolamine salt of clopyralid appears to be 
substantially less toxic than technical clopyralid, with 96-hour LC50 values in the range of 2000 mg 
a.i./L to 4700 mg a.i./L (equivalent to 700–1645 mg a.e./L). 

No chronic toxicity studies on the toxicity of clopyralid to fish eggs or fry have been done for 
clopyralid, but such studies done for daphnids indicate that clopyralid is practically nontoxic to fish. 

Amphibians (Aquatic Phase) - No acute or chronic toxicity data for amphibians was found in 
either U.S. EPA files or published literature.  

Aquatic Invertebrates - Daphnia magna (water flea) is the only species of aquatic invertebrate 
on which toxicity data are available. The lowest reported acute toxicity LC50 for technical clopyralid 
is 225 mg/L (208–245 mg/L), about 2 times higher than the lowest reported LC50 in fish. Unlike with 
fish, the monoethanolamine salt appears to only marginally reduce the toxicity of clopyralid (LC50 of 
350 mg a.e./L for the salt and 225 mg a.e./L for the acid). 

A standard chronic reproduction bioassay conducted in Daphnia magna using the 
monoethanolamine salt resulted in a NOEC of 66 mg a.i./L (equivalent to 23.1 mg a.e./L). 

Aquatic Plants - The available data on aquatic plants suggest that clopyralid is relatively non-
toxic. 

As might be expected, aquatic macrophytes are more sensitive to clopyralid than fish or aquatic 
invertebrates. The EC50 for growth inhibition in duckweed is 89 mg/L. At lower concentrations, in 
the range of 0.01 to 0.1 mg/L, growth of other aquatic macrophytes is stimulated. The lowest 
reported EC50 for growth inhibition of green algae is 6.9 mg/L. 

There are no published or unpublished data regarding the toxicity of clopyralid to aquatic 
bacteria or fungi. 

Glyphosate (Sources: FS WSM v. 6.00.10; SERA 2003a, 2011b; U.S. EPA. 2009c) 
Relatively complete sets of studies are available in birds, terrestrial-phase amphibians, and 

terrestrial invertebrates, plants, and microorganisms for technical grade glyphosate and some 
formulations (Roundup and Rodeo) used in the United States. 

The U.S. EPA has done an extensive review of toxicity of glyphosate to aquatic organisms. 
Relatively complete sets of studies are available aquatic organisms for technical grade glyphosate 
and some formulations (Roundup and Rodeo) used in the United States. The toxicity of the original 
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Roundup and other formulations containing the surfactant POEA is far greater than technical grade 
glyphosate, Rodeo, and other formulations that do not contain POEA. Fish, amphibians, and aquatic 
invertebrates are about equally sensitive to technical grade glyphosate and some formulations. 

Mammals - There is a large body of studies, including those published and those required by 
the U.S. EPA for pesticide registration, on the effects in test mammals of glyphosate and its 
formulations. There is less information on the toxicity of glyphosate or its formulations to wildlife 
and domestic mammals. Glyphosate is considered slightly toxic to mammals.  

In terms of acute toxicity, there seems to be little difference in toxicity between tested species. 
Studies have resulted in intrperitoneal LD50 values for deer mice, chipmunks, shrews, and voles for 
glyphosate IPA in the range of 800 to 1370 mg/ kw bw and 1100 mg/ kw bw for lab mice. The LD50 
for Roundup in rats is approximately 5400 mg/ kw bw, similar to that for humans. 

Based on two developmental studies of 2-week sublethal dosing of rabbits and rats with 
glyphosate and glyphosate formulations, it is thought that larger mammals may be more sensitive 
than small mammals, as the NOAEL for rabbits (100 mg/kg bw/day) was a factor of 10 less than that 
for rats (1000 mg/kg bw/day). 

An unpublished repeated-dose study (over 7 days) indicates that cattle may be more 
susceptible to Roundup than rats, as some cattle died at doses of 790 mg/kg bw/day and others 
exhibited additional signs of toxicity (including diarrhea and decreased food intake) at doses of 500, 
630, and 790 mg/kg bw/day. No adverse effects were noted at 400 mg/kg bw/day, equivalent to 
160 mg a.e./kg bw. 

Decreased food consumption and body weight gain in experimental mammals, including three 
wildlife species, exposed to high dietary concentrations of glyphosate indicates toxicity, taste 
aversion, or a combination of these two. However, studies of exposure by dermal, gavage, or 
drinking water support that toxicity may be the dominant factor. 

Most field studies on the effects of applications of glyphosate formulations show no adverse 
effects to populations of mammalian species. Following application of about 2.7 lb a.e./acre of 
Roundup, reproduction of deer mice and voles was comparable or better over a 3-year period on 
the treated site than on the untreated control site. 

Birds - The U.S. EPA classifies technical grade glyphosate as practically nontoxic to birds. This is 
based on an acute gavage study in bobwhite quail that determined an LD50 of >2000 mg/kg bw. 
Additional gavage LD50 values range from 1130 mg/kg bw for the monoammonium salt of 
glyphosate to >3190 mg/kg bw for an unspecified salt. No adverse effects were seen in reproduction 
studies on mallard ducks or bobwhite quail at dietary concentrations up to 833 ppm. 

Two acute dietary studies of Roundup PRO (41% glyphosate IPA and 14.5% POEA) determined 
NOAELs of 1760 ppm a.e., which is not considered highly toxic to birds. 

In two open literature dietary studies on Roundup, one 7-day and one 21-day, at doses of 5000 
mg a.e. zebra finches experienced substantial weight loss (20-60% over controls) and all died after 7 
days and chickens lost 45% of their weight compared to controls at doses of 4500 mg a.e. No 
adverse effects were noted at lower doses in either study. 
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There are no standard reproduction tests for Roundup formulations. Two studies where eggs 
were immersed in a solution of Roundup for 5-30 seconds suggest that it is not likely to cause 
developmental effects in chicks. 

Reptiles and Amphibians (Terrestrial-Phase) - No acute or chronic toxicity studies were found 
for reptiles. 

There is little information on the toxicity of technical grade glyphosate to terrestrial-phase 
amphibians. Based on intraperitoneal studies on several species of amphibians, LD50 values for 
glyphosate IPA range from 790 to 925 mg a.e./kg bw. This is similar to several species of small 
mammals. 

Direct spray of amphibians is of concern, as frog skin is 26 times as permeable as pig skin to 
glyphosate acid. The results of two direct spray studies are inconsistent. In one study, species of 
tree and wood frogs and a toad were sprayed with Roundup Weed and Grass Killer at a rate of 
about 0.011 lb a.e./acre, with >50% mortality after 24 hours. This is inconsistent with the findings of 
all of the following studies. In the other study, three glyphosate formulations (one being Roundup 
WeatherMax) were applied to two toad species at a rate of 15 lbs a.e./acre, with no significant 
mortality. 

In a lab bioassay of newly metamorphosed frogs misted with Vision (41% glyphosate IPA and a 
POEA surfactant) at a rate of 1.6 lbs a.e./acre, there was no mortality. 

In a series of mesocosm studies in which Glyphos (with the adjuvant Cosmo-Flux) was applied 
at a rate of about 1.7-26 lbs a.e./acre, functional NOEC values ranged from ~0.3-6.3 lb a.e./acre. 
Substantial mortality would not be expected with application rates in the range of about 1-2 lb 
a.e./acre and some species would be tolerant of much higher application rates. 

A study involving aerial application of glyphosate (formulation and units unspecified) to 
clearcuts at a rate of 1.2 lbs/acre resulted in no adverse effects (based on capture rates) on six 
species of amphibians (rough-skin newt, ensatina, Pacific giant salamander, Dunn’s salamander, 
western redback salamander, and red-legged frog), as compared with controls. 

In a study where newts were given an introperitoneal dose of glyphosate IPA at a rate of 
50mg/kg bw and then released, the movements of the dosed animals did not differ substantially 
from that of the controls. 

Terrestrial Invertebrates - There is a standard set of tests of glyphosate on the honeybee, as 
well as studies on earthworms, isopods, snails, spiders, butterflies, and other arthropods. 
Glyphosate appears to be practically nontoxic to bees and other invertebrates tested. 

Standard oral and contact bioassays have determined a LD50 for honeybees of >100 µg/bee. The 
NOEC for Roundup PRO is also 100 µg. 

Glyphosate IPA was ineffective as an insecticide in controlling spider mites at application rates 
of 0.593-4.74 mg a.i./leaf, based on mortality to eggs, larva, nymphs, and adults. A series of lab and 
field studies of the effects of glyphosate on the spider Lepthyphantes tenuis resulted in low 
mortality rates. 
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Two acute dietary studies of an Argentinean formulation of glyphosate IPA (Glifoglex 48), one 
with spiders and one with lacewings, at a rate of 192 mg a.e./L resulted in adverse effects in the 
spiders in food consumption, web building, and reproductive capacity. In the lacewings there was 
increased mortality, reduced reproductive capacity, and malformed offspring. 

While data on other arthropods is less detailed, it appears to indicate that there is a low 
potential for direct adverse effects from exposure to glyphosate. The soil LC50 of glyphosate for a 
common Libyan earthworm is 177-246 mg/kg soil dry weight over 8-37 days of exposure. In a 14-
day dietary study, there was no mortality to the Brown garden snail (Helix aspersa) exposed to 
glyphosate at a rate of 1500 mg/kg bw. 

Terrestrial Plants (Macrophytes) - There are toxicity studies on vegetative vigor for both 
technical grade glyphosate IPA and glyphosate formulations and on seedling emergence for 
glyphosate formulations. 

Glyphosate is much less toxic to plants when they are exposed through soil than when exposed 
through foliage, probably because glyphosate binds tightly to some types of soil. Soil application 
rates of 4-5 lbs a.e./acre for three formulations of glyphosate were relatively nontoxic to seedlings. 
Foliar applications of glyphosate IPA resulted in NOAEC values for monocots of 0.56-0.70 lb 
a.e./acre and values for dicots of 0.035-0.46 lb a.e./acre. Studies on a wetable powder formulation 
of glyphosate gave a similar relationship between NOAEC values (monocots 0.07-0.45 lb a.e./acre, 
dicots 0.02-0.45lb a.e./acre). 

Several spray drift studies have been conducted. In one, transient (30-day) damage to soybeans 
occurred at a spray deposition concentration of 0.03 lb/acre (1/33 of the application rate of 1.121 
kg/ha), but did not affect yield at harvest time. Grapes only experienced damage at deposition 
concentrations of 1/3 the application rate. A grass and a dicot experienced substantial damage at a 
spray deposition concentration of 1.8 lbs/acre. Canola, smartweed, soybeans, and sunflowers 
experienced no marked effects at a deposition concentration of 0.003 lb/acre (1/125 of the 
application rate). 

A study determined that some bryophytes and fungi may be sensitive to long-term exposure to 
glyphosate. The EC50 value for a decrease in abundance two years after exposure was 0.7 lb/acre 
and the decrease was apparent six weeks after the application. 

Terrestrial Microorganisms - A substantial body of information indicates that glyphosate is 
likely to enhance or have no effect on soil microorganisms, with little information indicating adverse 
effects under field conditions. However, under laboratory conditions, a number of studies indicate 
adverse effects. At high concentrations (845-3380 mg/L) glyphosate might inhibit growth in soil 
algae and cyanobacteria, although other studies show no inhibitory effects on fungi and only slight 
effects on some species of bacteria at more realistic concentrations (2-20 ppm). Another study 
resulted in direct toxicity to soil fungi in a culture medium at concentrations of 10 ppm or greater. 
Apparently glyphosate acid is the least inhibitory, followed by glyphosate IPA and Roundup. 

Field applications of glyphosate resulted in only a short-term (2 month) decrease in fungal and 
bacterial counts at an application rate of 0.54 kg/ha, no effect on soil fungi or bacteria after 10-14 
months after an application of 3.23 kg/ha, and only a transient decrease in soil microbial activity 
after an application of 5 kg/ha. 
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Fish - The U.S. EPA classifies glyphosate acid and glyphosate IPA as slightly toxic (LC50 >10-100 
mg/L) to practically nontoxic (LC50 >100 mg/L) to fish. One study found two LC50 values of 10 mg 
a.e./L, but these appear to be related to the pH of the water, with LC50 values decreasing (toxicity 
increases) as water pH decreases (becomes more acidic). Although this acute toxicity study in five 
species of fish in five different types of water spans a range from 24 to 96 hours, in many of the 
bioassays most of the fish died on the first day, so 24-hour and 96-hour LC50 values are the same, or 
only marginally different.  

The same study found that the acidity of water has a much greater effect on the toxicity of 
glyphosate to fish than does the variability of sensitivity between species (relatively minor at the 
same pH). Coho salmon were the least sensitive species to pH variance, with LC50s of 27 mg a.e./L at 
a pH of 6.3 and 174 mg a.e./L at a pH of 8.2, differing by a factor of 6. Rainbow trout were the most 
sensitive species, with LC50s of 10 mg a.e./L at a pH of 6.3 and 197 mg a.e./L at a pH of 8.2, differing 
by a factor of 20. 

As the temperature of water increases there is a corresponding increase in the toxicity of 
Roundup. An increase of 10° C resulted in a decrease in the LC50 by a factor of 2 in rainbow trout and 
bluegill sunfish. As might be expected, smaller fingerlings and fry were more susceptible to changes 
in temperature than larger fingerlings or eggs. 

Most acute toxicity studies require fish not to be fed (i.e. fasted) before (for 48 hours) and 
during the bioassay. A 96-hour bioassay would require fish to fast for 6 days. In a study of flagfish 
that were both fasted and fed, fasting increased the toxicity of glyphosate to 8-day old flagfish by a 
factor of 10 (LC50s of 2.94 mg a.e./L for fed fish and 29.6 mg a.e./L for fasted fish). 

In a 12-hour field simulation study, rainbow trout were exposed to either glyphosate IPA or 
Roundup at concentrations of 0.02, 0.2, or 2 mg/L, equivalent for IPA salt of 0.015, 0.15, and 1.5 mg 
a.e./L and for Roundup of 0.006, 0.06, and 0.6 mg a.e./L. Following exposure the trout were held for 
30 days in uncontaminated water, showing no adverse effects, based on gonadal weight in males 
and the number of eggs per female. 

Most of the extensive studies on glyphosate formulations have been done on Roundup. Earlier 
studies were mostly done on Monsanto’s Roundup (41% aqueous solution glyphosate IPA, 15% 
POEA surfactant). For glyphosate formulations with POEA and for POEA itself, toxicity to fish 
increases with increasing pH (alkalinity), although increases in toxicity are modest. For five species 
of salmonids, over a range of pHs from 6.3 to 8.2, the range of 96-hour LC50s was about 2 to 3 (6 to 
20 for glyphosate). The increase in toxicity of glyphosate formulations with increasing pH is due to 
the effects on the surfactant POEA, as the glyphosate itself decreases in toxicity. 

Various studies have reported a range of LC50 values for Roundup formulations (those used in 
the U.S.), which contain, or appear to contain the POEA surfactant, of 1-10 mg a.e./L. The toxicity of 
Vision, a glyphosate formulation equivalent to Roundup, varies by a factor of 4 as the concentration 
of surfactant varies from 7.5% to 15%.  

The only clearly documented study on Rodeo reported a LC50 of 429 mg a.e./L for trout. 
However, Rodeo and similar formulations require surfactants (less toxic than POEA), which may 
increase the toxicity of the formulation by a factor of 4. Roundup Biactive, an Australian formulation 
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that contains a surfactant at a concentration of 10-20%, has an LC50 of 800 mg a.e./L for rainbow 
trout and is less toxic than Rodeo and much less toxic than Roundup with POEA. 

The manufacturing process for POEA surfactants and the chemical composition is proprietary, 
so the variability of the surfactants in different glyphosate formulations is unavailable. 

Monsanto’s product code for the original Roundup surfactant is MON 0818 (75% POEA). As with 
Roundup, the toxicity of MON 0818 to fish increases with increasing water pH. Over a pH range of 
6.3 to 8.2, the LC50 values for five species of salmonids decreased by factors of 1.2 to 3.2. Typical LC50 
values for trout are 1-3 mg/L, but the upper and lower bounds for MON 0818 are 0.65 mg/L and 7.4 
mg/L respectively. It has also been determined that the joint action of Roundup with MON 0818 is 
less than additive. 

Acute toxicity values provided by Monsanto for surfactants mostly used with Rodeo and similar 
formulations are mostly in the range of 1-10 mg/L, similar to MON 0818. The U.S. EPA classifies 
Syndets (anionic surfactant), Activator 90, Entry II, Frigate, Induce, No Foam A, R-11, S. Spreader 
200,Widespread, X-77 as moderately toxic to fish. Liqua-Wet, Passage, and Spreader-Sticker are 
slightly toxic and Agri-Dex, LI 700, and Geronol CF/AR are practically nontoxic. 

Sub-lethal exposures to Roundup formulations sometimes, but not always, result in a broad 
spectrum of stress effects in fish. Roundup formulations, most likely the surfactants in the 
formulations, have been shown to cause damage to the gills of fish. In one study, trout and bluegill 
sunfish were exposed to technical grade glyphosate at a purity (62%) that is much lower than used 
in commercial formulations. Damage to gill occurred at concentrations of 5 mg/L over 14 days and 
damage to both gills and livers at concentrations of 10 mg/L.  

Trout can sense but will not avoid Roundup formulations in water until concentrations 
approach or exceed 96-hour LC50 concentrations. At concentrations as low as 25% of this LC50 value, 
trout exhibit one or more of the following behavioral effects: changes in coughing and ventilation 
rates, swimming, and coloration and loss of equilibrium. 

Two acute toxicity studies of Roundup involving short (10 minute) exposures to a high 
concentration (100 mg/L or 30 mg a.e./L) of a 41% Roundup formulation resulted in adverse effects 
on fish immune systems. 

The only full life-cycle chronic toxicity study for any form of glyphosate is for the fathead 
minnow. Using 87.3% pure technical grade glyphosate, no effect was apparent on mortality or 
reproduction at a concentration of 25.7 mg/L. Given that the differences in the acute toxicity of 
technical grade glyphosate, glyphosate formulations, and glyphosate-surfactant mixtures are 
substantial, the merit of this finding is questionable. However, since the surfactants used with 
glyphosate are less persistent under field conditions, it is likely that glyphosate-surfactant mixtures 
over longer term exposures will not exhibit the toxicity of acute exposures. 

Four long-term studies (2-3 months) of various types of exposure to various species of fish using 
Roundup formulations in a wide range of concentrations found no overt signs of toxicity and only 
sublethal adverse effects, primarily to livers, but in some cases to gills and kidneys. 

Amphibians (Aquatic Phase) - Numerous acute toxicity studies have been done on the effects 
of technical grade glyphosate and glyphosate formulations to aquatic-phase amphibians, most over 
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a 96-hour period. However, the U.S. EPA “Pesticide Effects Determination” for the risks of 
glyphosate use to the federally threatened California red-legged frog (U.S. EPA 2008b) listed only 
one toxicity study using an aquatic-phase amphibian (leopard frog) as a study organism. 

Relative to the skin of fish, amphibian skin is highly permeable to glyphosate. However, based 
on acute toxicity data, there is no indication that amphibians are substantially more sensitive than 
fish to glyphosate, glyphosate formulations, or the POEA surfactant in Roundup. 

Definitive LC50 values for glyphosate acid range from 75.2 to 121 mg a.e./L, similar to those for 
fish (43 to 100 mg a.e./L at neutral pH). Non-definitive LC50 values for glyphosate IPA range from >17 
to >466 mg a.e./L, indicating that it is much less toxic than the acid. Based on intraperitoneal studies 
on several species of amphibians, LD50 values for glyphosate IPA range from 790 to 925 mg a.e./kg 
bw. This is similar to several species of small mammals. 

The formulation Rodeo is essentially an aqueous solution of glyphosate IPA, with an LC50 of 
7297 mg a.e./L in African clawed frogs (Xenopus laevis) embryos. It may be that frog embryos are 
less sensitive to glyphosate and surfactants than larvae, as in fish. 

Studies on the effect of water pH on the toxicity of glyphosate and a surfactant to Xenopus 
laevis larvae indicate that as pH increases (decreasing acidity) the toxicity of Rodeo, Roundup, and 
the surfactant MON 0818 increases. For Rodeo, the 96-hour LC50 was 7-11 times more toxic at a pH 
of 8.0 than at 6.5. The stage of frog development also affects sensitivity, with the embryos of four 
species being less sensitive than the larvae. Sensitivity also varies between species, ranging from 
factors of 2 to 3 in Bufo americanus to a factor of 7 in Xenopus laevis and Rana pipiens. 

Another study (Chen 2003) found that “multiple stress interactions may exacerbate chemical 
effects on aquatic biota in natural systems”. For two common wetland species, zooplankton and 
Ranid tadpoles, significant effects of the herbicide Vision® (glyphosate) were measured at 
concentrations lower than the calculated worst-case value for the expected environmental 
concentration ([EEC], 1.40 mg a.e./L). High pH (7.5) increased the toxic effects of the herbicide on all 
response variables for both species. This finding corroborates those from other studies and supports 
the premise that laboratory studies are inadequate to assess the hazard of chemicals to wild species 
in their natural environment. It should be noted that although Vison® is not registered for use in 
California, it is similar to Roundup® (Vison® = 41% glyphosate, 59% other ingredients; Roundup® = 
41% glyphosate, 15% polyethoxylated-tallowamine surfactant, and 44% water). 

A study on Ranidella signifera tadpoles exposed to glyphosate IPA, with the surfactant Geronol 
CF/AR (classified as practically nontoxic to fish by the U.S. EPA) at concentrations of 10-45%, 
resulted in indefinite LC50 values ranging from >100 to >450 mg a.e./L, which are considered 
NOAELs. Amphibians appear to be less sensitive to this formulation than trout. It is postulated that 
more toxic surfactants will increase the toxicity of glyphosate IPA, Rodeo, and similar formulations 
to amphibians. 

Roundup Biactive, an Australian formulation that contains a surfactant at a concentration of 10-
20%, has a range of non-definitive LC50 values of >17.9 to >494 mg a.e./L. Glyfos BIO, a formulation 
containing 3-7% POEA surfactant, has a LC50 of 17.9 mg a.e./L and is less toxic than typical Roundup 
formulations. It is unclear whether this is due to a less toxic form of POEA, to a smaller quantity of 
POEA, or to a combination of the two. Glyfos AU, which also contains 3-7% POEA, has a LC50 of 8.9 
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mg a.e./L, in the range of the upper bounds of more toxic Roundup formulations. An unspecified 
Glyphos formulation containing 15% POEA has a LC50 of 0.93 mg a.e./L, in the range of the lower 
bounds for Roundup formulations 

More toxic formulations of glyphosate include various Roundup, Vision, and Glyphos 
formulations. Roundup Original Max has a LC50 value of 3.2 mg a.e./L. The upper bound for other 
formulations of Roundup and Vision range from 8.0 to 51.8 mg a.e./L. Absence matched bioassays, 
it cannot be determined whether higher LC50 values reported in other studies are due to species 
sensitivity, experimental conditions, or random variability. 

Rick Relyea found through his research (Relyea 2005) that Roundup®, “the most commonly 
used herbicide in the world, is deadly to tadpoles at lower concentrations than previously tested; 
that the presence of soil (in water) does not mitigate the chemical’s effects; and that the product 
kills frogs in addition to tadpoles.”  Relyea wrote that “The most striking result from the 
experiments was that a chemical designed to kill plants killed 98 percent of all tadpoles within three 
weeks and 79 percent of all frogs within one day.”  Previous studies (Howe 2003) have determined 
that the surfactant polyethoxylatedtallowamine (POEA), an inert ingredient added to enhance 
herbicide penetration into plant leaves, and not the active ingredient (glyphosate) is lethal to 
amphibians. 

A study (Howe 2003) in California on the effects of glyphosate formulations to four Ranid frog 
species in the Sierra found that “acute toxicity values in order of decreasing toxicity were POEA > 
Roundup Original > Roundup Transorb® >Glyfos AU®; no significant acute toxicity was observed with 
glyphosate technical material or the glyphosate formulations Roundup Biactive®, Touchdown®, or 
Glyfos BIO®.”  Data from this study indicated that the composition of surfactants must be 
considered when the toxicity of glyphosate-based herbicides are evaluated. 

Differences in the toxicity of the more toxic formulations of Roundup and similar formulations 
to amphibians and fish appear to be negligible, with 96-hour LC50 values for amphibians ranging 
from 8.0 to 51.8 mg a.e./L and for fish from 0.96 to 11.26 mg a.e./L. 

Studies on the toxicity to amphibians of the surfactant POEA (MON 0818) report a range of 96-
hour LC50s of 1.1 mg/L in the green frog (Rana clamitans) to 6.8 mg/L in the African clawed frog 
(Xenopus laevis). These values are comparable to those in fish (1-3 mg/L). 

Studies by Relyea on green frog tadpoles indicate that growth is sometimes a more sensitive 
endpoint than mortality, but that the difference in glyphosate concentration that causes these 
effects is only ~1 ppm (~1 ppm for adverse growth effects and ~2 ppm for mortality). 

A frog (Xenopus laevis) embryo teratogenesis assay for malformations after exposure for 96 
hours to glyphosate IPA, Roundup, and the surfactant POEA found no statistically significant 
increases in abnormalities between embryos exposed to nonlethal concentrations and the control 
group. 

Another study tested Kleeraway Grass and Weed Killer RTU (Monsanto) (0.75% glyphosate IPA 
and an ethoxylated tallowamine surfactant) exposure to tadpoles of the western chorus frog 
(Pseudacris triseriata) and the plains leopard frog (Rana blairi). Tadpoles were exposed to 
concentrations of 0.56, 5.6, 56, or 560 mg a.e./L for 24 hours. At a concentration of 0.56 mg a.e./L, 
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55% of the western chorus frog tadpoles died and at greater concentrations, all died. In an initial 
experiment, all plains leopard frog tadpoles died at all concentrations, but in a repeat experiment 
on older tadpoles, all tadpoles survived when exposed to a concentration of 0.56 mg a.e./L. In both 
species, normal growth and development occurred in survivors. 

Some data indicate that frogs will avoid laying eggs in pools contaminated with Roundup at a 
concentration of 2.4 mg a.e./L, within the 96-hour LC50 range for frogs. Similar to fish, frogs appear 
to avoid waters contaminated with acutely toxic concentrations of glyphosate-surfactant mixtures, 
but avoidance of waters contaminated at sub-toxic concentrations has not been demonstrated. 

A study of the effect on the immune function of green frog tadpoles (Rana clamitans) of 
exposure to a concentration of 3.7 mg a.e./L technical grade glyphosate found no adverse effects. 

In a chronic study (42-day) on Rana pipiens larvae of exposure to glyphosate IPA at a 
concentration of 1.8 mg a.e./L, no adverse effects were noted. Tadpoles were also exposed to 
Roundup Original and Roundup Transorb at concentrations of 0.6 and 1.8 mg a.e./L (the surfactant 
MON 0818 POEA in those formulations was 0.3 and 0.9 mg a.e./L) as well as to MON 0818 by itself. 
With all exposures adverse effects were noted, including an increase in the length of time for 
development of tadpoles, a decrease in survival, a decrease in the length of tadpoles, and an 
increase in the number of tadpoles with intersex gonads. Roundup Transorb appeared to be more 
toxic than Roundup Original and MON 0818 POEA surfactant alone caused the same effects as the 
formulations. 

Another chronic study (43-days) on Rana cascadae larvae of exposure to Roundup at 
concentrations of 1 or 2 mg a.e./L found a substantial decrease in survival at the lower 
concentration and no survival to day 43 at the higher concentration. 

A 16-day exposure study by Relyea on the interaction of Roundup and predator stress on six 
species of frogs found LC50 values in the absence of predator stress of 1.32 to 2.52 mg a.e./L. Based 
on other studies, as with fish there does not appear to be a substantial concentration-duration 
relationship for glyphosate-surfactant formulations. 

Several mesocosm studies by Relyea and coworkers with Roundup formulations at 
concentrations of 1.3 to 2.8 mg a.e./L found decreases in survival (only 21% at the end of day 1) and 
biomass of three species of frog tadpoles. 

Aquatic Invertebrates - Acute toxicity studies on aquatic invertebrates are typically done for 48 
hours and results are expressed in terms of EC50 (immobility) rather than LC50 (mortality), as an 
immobilized invertebrate in an aquatic ecosystem is considered to be functionally dead. 

As with fish and amphibians, most Roundup and similar formulations are much more toxic to 
invertebrates than glyphosate or glyphosate salts, with EC50 values for the former formulations of 1 
to 50 mg a.e./L and for the latter of 100 to 650 mg a.e./L. Studies that show the joint action of 
glyphosate and POEA indicate a less than additive effect. For some Accord formulations that contain 
POEA the EC50 values range from 20 to 25 mg a.e./L. EC50 values for Rodeo, Roundup formulations 
with other surfactants, and other non-USA formulations range from 50 to >500 mg a.e./L. As there 
are few acute toxicity studies on Accord formulations with surfactants, it is unclear whether it is less 
toxic than most Roundup formulations. 
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Although for technical grade glyphosate there is a relationship between duration of exposure 
and response, there does not appear to be a substantial relationship for glyphosate formulations. 

Acute toxicity studies are available on two species of daphnid, a copepod, midge larvae, and a 
bivalve. Studies on Daphnia magna report EC50 values for glyphosate acid of 128 to 647 mg a.e./L. 
Studies of copepods and Ceriodaphnia found that glyphosate acid is somewhat more toxic than 
glyphosate IPA. Sensitivity to glyphosate acid is about equal for midges (LD50 = 55 mg/L), 
Ceriodaphnia (LD50 = 147 mg/L), and copepods (LD50 = 35.3 mg/L). 

An acute toxicity study of freshwater mussels (Lampsilis siliquoidia) exposed to glyphosate acid, 
glyphosate IPA, and isopropanol amine found that glyphosate acid was relatively non toxic (LC50 = 
>200 mg a.e./L) to larvae and juvenile mussels and that glyphosate IPA and isopropanol amine were 
much more toxic (LC50 = 5 to 7 mg a.e./L). 

Formulations of Roundup are much more toxic (LC50 = 1.5 to 62 mg a.e./L) than Rodeo 
(essentially an aqueous solution of the IPA salt of glyphosate) and similar formulations (LC50 = 200 to 
>4,000 mg a.e./L) to aquatic invertebrates. This is attributable to the POEA surfactant in Roundup 
formulations, which is lacking in Rodeo and similar formulations. 

Studies specifically on the toxicity of the POEA surfactant MON 0818 to aquatic invertebrates 
indicates an LC50 of 0.5 to 13 mg/L. Studies on the effect of water pH on the toxicity of MON 0818 
have not been done (as they have for fish), so the lower LC50 value may be a reflection of a higher 
water pH (8.2) rather than a greater sensitivity to POEA of invertebrates relative to fish. The 
surfactants Activator 90, Entry II, and X-77 appear to be as toxic as MON 0818. Geronol CF/AR 
surfactant is much less toxic than MON 0818, with an EC50 for Daphnia magna of 48 mg/L, and the 
EC50 values for most other surfactants range from 10 to 100 mg/L. The surfactant Agri-Dex is 
virtually non toxic to aquatic invertebrates. 

Based on studies of the joint action of glyphosate and the POEA surfactant used in Roundup 
(MON 0818), there was an additive toxic effect in two species of fish and in midge larvae and a less-
than additive effect in a daphnid and copepod. 

It appears that as the concentration of clay suspended in water increases the acute toxicity of 
Roundup to Daphnia pulex increases. In one 48-hour study the LC50 when there was no suspended 
clay was 7.9 (7.2-8.6) mg a.i./L while the LC50 when there was 50 mg/L of suspended clay was 3.2 
(3.0-3.4) mg a.i./L. Another study found a decrease in the LC50 of Ceriodaphnia dubia from 5.38 mg 
a.e./L when there was no suspended clay to 0.59 mg a.e./L when there was 200mg/L of suspended 
clay. It is speculated that since daphnids are efficient filter feeders, they may intake and absorb 
greater quantities of Roundup and POEA attached to suspended clay particles. 

Comparative sediment assays with Ceriodaphnia dubia of Roundup and Roundup Biactive found 
the latter formulation much less acutely toxic. The surfactant in Roundup Biactive evidently has a 
lesser affinity to sediment than POEA. 

A study on the impact of glyphosate and Roundup on the acute toxicity of heavy metals to 
Ceriodaphnia dubia found that with most metals (Cd, Cu, Cr, Ni, Pb, Se, and Zn) there was an 
antagonistic effect. 
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A sublethal study on the effects of glyphosate to mosquito larvae found that pre-exposure to 
nonlethal concentrations resulted in a significant increase in cytochrome P450 levels after 72 hours, 
a positive outcome. Sublethal exposure of a freshwater annelid to glyphosate and Roundup Ultra 
resulted in oxidative stress. 

Longer term toxicity studies indicate a duration-response relationship to glyphosate IPA salt in 
daphnids. A standard chronic bioassay study in Daphnia magna found a NOEC of 37 mg a.e./L and a 
corresponding LOEC of 74 mg a.e./L. However, a study on Roundup showed only a transient 
duration-response in Daphnia pulex. A study of glyphosate acid and the IPA salt of glyphosate in 
mussels showed no duration-response relationship, nor did a study of POEA or Roundup Ultramax. 
There was a relationship with Aqua Star. The effects of long-term exposure of the aquatic snail 
Pseudosuccinea columella to technical grade glyphosate found mixed effects, with egg-hatching 
being inhibited while egg-laying was enhanced, resulting in negligible effects on reproductive 
capacity. 

Various field studies have found no adverse effects on aquatic invertebrates from applications 
of Rodeo or Roundup. Following applications of Roundup at rates of 2.2, 22, and 220 kg/ha to a 
forest pond mesocosms, there were no differences in survival rates of aquatic invertebrates. 
Following Roundup applications that resulted in concentrations of ~3 mg a.e./L in water, Relyea 
reported no effect on predatory insects or snails, although there were significant reductions in some 
species of dragonfly and backswimmers. An artificial stream mesocosms treated with Vision had an 
increase in periphyton populations. 

Aquatic Plants - Acute toxicity is determined for algae and macrophytes, with EC50 endpoints 
determined for growth inhibition. Most EC50 values for algae are for 48-hour exposures and for 
macrophytes are for 7-14 days. Duration-response relationships for macrophytes are not 
pronounced. 

Sensitivity (EC50) to glyphosate acid and glyphosate IPA varies widely between species of algae, 
from 2 to 600 mg a.e./L, spanning a factor of 260. The acid appears to be more toxic than the IPA 
salt by a factor of 2. Although there is variability in inter and intraspecies duration-response data for 
algae, it is apparent that for 2- and 4-day exposure durations there are substantial duration-
response relationships. 

The pattern of toxicity of glyphosate formulations to algae is similar to that for animals, with 
most glyphosate-surfactant formulations being more toxic than Rodeo without a surfactant and 
technical grade glyphosate. A Glyphos (IPA) formulation appears to be the most toxic, with EC50 
values ranging from 0.12 to 0.68 mg a.e./L. The most toxic formulation (Glyphos IPA) and the least 
toxic (technical grade glyphosate) differ by a factor of 20. 

A study exposed two species of algae to the POEA surfactant used in some formulations of 
Roundup for 96 hours. The EC50 values ranged from 3.35 to 4.1 mg/L. Tests of several surfactants, 
including MON 0818 (POEA), on giant salvinia, found no toxicity at concentration of 2500 mg/L. 
Optima was the only surfactant that enhanced the toxicity of glyphosate to salvinia. 

Field studies have shown growth inhibition of algae by Roundup at concentrations of 44.4-69.7 
mg/L. But growth stimulation has been observed at 10 mg a.e./L. Other studies have shown no or 
equivocal effects at application rates ranging from 0.4 to 2 lbs/acre. A study of the effect of 
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Roundup on phytoplankton found a decrease in abundance on day one at concentrations of 6 and 
12 mg a.e./L, but an increase after that up to the end of the experiment, on day eleven. 

There is little data available on the toxicity of glyphosate acid and salts on aquatic macrophytes. 
EC50 values span a range of 10 to 200 mg a.e./L between species of macrophytes. In two species of 
duckweed, EC50 values for 7- to 10-day exposure to glyphosate acid ranged from 10 mg a.e./L for 
Lemna gibba to 47 mg a.e./L for Lemna minor. For glyphosate IPA exposure to Lemna paucicostata, 
the 7-day EC50 value was 42 mg a.e./L. 

Two 14-day exposure studies (to glyphosate acid) are available for submerged macrophytes. In 
the watermilfoil study, the EC50 for reduction in root length was 1.56 mg a.e./L. For eelgrass, the 
NOAEC for growth inhibition was 170 mg a.e./L, with a stimulation of growth at 17 mg a.e./L. 

Data on the toxicity of Rodeo, Roundup, and Glyphos on Lemna show 7-day EC50 values 
differing by only a factor of 2 for Roundup (3.4 mg a.e./L) and Glyphos (7.7 mg a.e./L). Based on 14-
day EC50 values, Roundup and Rodeo differ by a factor of only 1.5 for watermilfoil and 1.7 for Lemna 
gibba. These differences are insubstantial. Other studies show only a modest duration-response 
relationship over 7- to 14-day exposures of Lemna to Roundup. 

In a study of the influence of suspended clay (50 mg/L) on the toxicity of Roundup to 
macrophytes, a NOEC of 10 mg a.i./L was determined, as opposed to a NOEC of 2 mg a.i./L for water 
without clay. Evidently Roundup and the surfactant POEA bind with the clay particles, making them 
less available to macrophytes. 

Aquatic Microorganisms - Most studies on aquatic microorganisms indicate that they are not 
very sensitive to glyphosate. Short-term (15-30 minutes) studies on the aquatic ciliate Vibrio fischeri 
determined EC50 values ranging from 17.5-44.2 mg a.e./L for glyphosate acid and 24.9-36.4 mg 
a.e./L for Roundup. The differences in toxicity between glyphosate acid and Roundup were slight. 

A 48-hour bioassay of two other aquatic ciliates, Euplotes vannu (a freshwater protozoan) and 
Tetrahymena pyriformis (a marine protozoan) found large differences in sensitivity to glyphosate 
acid (10.1 mg a.e./L for the former and 648 mg a.e./L for the latter) and similar toxicity results for 
glyphosate IPA. Sensitivity to Roundup was similar (23.5 mg a.e./L for Euplotes vannu and 29.5 mg 
a.e./L for Tetrahymena pyriformis. The sensitivity of aquatic microorganisms to glyphosate acid 
appears to be similar to that of algae but less than algae for Roundup. 

An aquatic mesocosm study of the effect of Roundup on cyanobacteria found an increase in 
abundance by a factor of up to 40, at concentrations of 6 and 12 mg a.e./L. Other bacteria were not 
substantially affected. 

Hexazinone (Sources: FS WSM v. 6.00.10; SERA 2005) 
As stated in SERA 2005, p. 4-1: Most of the information on the toxicity of hexazinone to 

mammals as well as other species comes from unpublished bioassays submitted to the U.S. EPA for 
the registration of hexazinone. These studies as well as other studies submitted for registration are 
conducted using methods specified by the U.S. EPA (e.g., U.S. EPA/OPP 2005). While some studies 
may be conducted directly by the registrant, most toxicity studies are performed by commercial 
testing laboratories. All studies submitted for registration are independently reviewed by U.S. EPA. 
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All toxicity studies on mammals and other species that are cited in the Forest Service risk 
assessment for hexazinone were obtained and reviewed. 

Mammals - Although the mode of action of hexazinone in mammals is unclear, the toxicity of 
hexazinone to mammals is relatively well-characterized in a large number of standard acute, 
subchronic, and chronic toxicity studies on mice, rats, rabbits, and dogs, an acute toxicity study in 
guinea pigs, and a number of standard skin sensitization studies in guinea pigs. (SERA 2005, p. 4-2) 

The acute oral toxicity to mammals is classified by the U.S. EPA as Category III, the second 
lowest oral toxicity category. Assays for chronic toxicity indicate that dogs may be somewhat more 
sensitive than rats and mice. However, it is not clear whether patterns in sensitivity among different 
species are true differences or an artifact of differences in experimental design. 

Hexazinone is considered to be slightly toxic to mammals, although it can cause severe, 
irreversible damage to the eyes of terrestrial organisms. 

Birds - The available toxicity studies in birds include acute gavage studies, avian acute oral 
dietary studies, and two avian reproductive toxicity studies. Based on the U.S. EPA classification 
system, hexazinone is practically nontoxic to birds. Based on an acute gavage LD50 in quail of 2258 
(1628-3130) mg/kg, birds appear to be somewhat less sensitive than mammals to hexazinone. 

Reptiles and Amphibians (Terrestrial-Phase) - No acute or chronic toxicity studies were found 
for reptiles or terrestrial phase amphibians. 

Terrestrial Invertebrates - Relatively little information is available on the toxicity of hexazinone 
to terrestrial invertebrates. The U.S. EPA assumes that herbicides are generally not directly toxic to 
insects, so only required one direct contact bioassay using honeybees. No clear dose response 
relationship was apparent and the highest observed mortality was only marginally significant.  

In a field study conducted in northern California, hexazinone was applied to pine plantations at 
a rate of 2.7 lb a.i./acre (Busse et al., 2001). No significant differences were found between treated 
and control plots in the numbers of mites, spiders, beetles, or springtails (SERA 2005, p. 4-4). 
Hexazinone is considered to be slightly to practically nontoxic to invertebrates. 

Terrestrial Plants (Macrophytes) - The toxicity to and mode of action of hexazinone are well 
characterized. Hexazinone is readily absorbed by plant roots and is readily translocated in most 
species. Differences in sensitivity to hexazinone among different types of plants is related to 
differences in absorption and rates of metabolism. The metabolites of hexazinone are much less 
toxic then hexazinone itself. 

Based on standard pre-emergence and post-emergence bioassays in sensitive species, soil 
treatments are more toxic than direct spray treatments. Hexazinone has relatively little effect on 
seed germination, with Pronone 10 perhaps having more effect than Velpar L. 

A large number of field studies on terrestrial vegetation are available. These studies are 
typically conducted at or above the recommended application rates and tend to focus on efficacy 
rather than unintended adverse effects. Hexazinone is used effectively in management of pine 
stands to control hardwoods and shrubs, as it causes only minor mortality in pines. 
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Terrestrial Microorganisms - Standard laboratory culture bioassays indicate that hexazinone 
can inhibit microbial growth at both low and relatively high concentrations, depending on the 
species. However, field studies have demonstrated no effects on mixed fungal and bacterial 
populations following application rates of up to 8 kg/ha (about 7 lbs/acre). 

Fish - The U.S. EPA classifies technical grade hexazinone as practically nontoxic to fish. This is 
based specifically on acute LC50 values reported for rainbow trout (>320 mg/L), fathead minnow 
(274 mg/L) and bluegill sunfish (>370 mg/L and 505 mg/L). It also classifies Velpar L as practically 
nontoxic to fish, with acute LC50 values of >1000 mg/L in bluegills and >585.6 mg/L in trout. 

Although the U.S. EPA does not discuss studies on Pronone, Pronone 10G appears to be less 
toxic than Velpar L and both Velpar L and Pronone 10G are less toxic than technical grade 
hexazinone. This is true even when comparisons are made on an mg a.i./L basis. The inerts in both 
Velpar L and Pronone 10G appear to lower the toxicity of hexazinone to fish. The Pronone 10G 
carrier and the Velpar L carrier (mainly ethanol) are essentially nontoxic to fish. 

The only longer term toxicity study of hexazinone in fish is an egg-and-fry study that defined a 
clear NOEC of 17 mg/L and an LOEC of 35.5 mg/L. Consistent with this finding is a 4-week assay for 
bioconcentration in bluegill sunfish that found no signs of toxicity at concentrations of 0.1 or 1 
mg/L. 

Amphibians (Aquatic Phase) - Very little information is available on the toxicity of hexazinone 
to amphibians. The U.S. EPA Pesticide Effects Determinations for the risks of hexazinone use to the 
federally threatened California red-legged frog (U.S. EPA 2008c) did not list any toxicity studies using 
aquatic-phase amphibians as study organisms. 

In one study, a hexazinone concentration of 100 mg/L over an 8-day exposure period was 
associated with transient reduced avoidance behavior in newly hatched tadpoles. These exposure 
levels had no effect on hatching success. 

Aquatic Invertebrates - Toxicity information is limited to studies submitted to the U.S. EPA for 
pesticide registration. Based on acute toxicity studies on Daphnia magna, the 48-hour LC50 for 
technical grade hexazinone was 151.6 (125.2-172.8) mg/L and for Velpar L it was 110 (83-130) mg 
a.i./L. The U.S. EPA classifies both hexazinone and Velpar L as practically nontoxic to freshwater 
invertebrates. There is no indication that the inerts in Velpar L reduce the toxicity of hexazinone to 
daphnids. 

The U.S. EPA classifies hexazinone as moderately toxic to saltwater crustaceans, based on the 
sensitivity of grass shrimp, which appear to be about equally sensitive as daphnids to hexazinone 
(48-hour LC50 value of 94 [50-176] mg/L). The fiddler crab is much less sensitive, with a NOEC for 
mortality of over 1000 mg/L. The only data available on mollusks, for embryos of the eastern oyster, 
indicate a NOEC of 320 mg/L, substantially above the LC50 values for small crustaceans. 

Although there were reporting deficiencies in the only available reproduction studies, in 
Daphnia magna, the U.S. EPA did accept those studies. The NOEC discussed by the U.S. EPA is 29 
mg/L, however a NOEC of 10 mg/L may be a more appropriate for this risk assessment. 

As stated in SERA 2005 (p. 4-9): 
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Additional information on the effects of hexazinone on aquatic invertebrates is also 
available in field or field simulation assays (Appendix 10). In one such study, 13 species of 
stream macroinvertebrates were exposed to very high concentrations of hexazinone, 70 mg/L 
to 80 mg/L, for one hour in an artificial stream followed by a 48-hour observation period. The 
most sensitive species were two species of Ephemeroptera, an Isonychia sp and Epeorus 
vitrea, both of which exhibited 14% mortality. Mortality in all other species ranged from 0% 
to 4% (Kreutzweiser et al., 1992). In a subsequent study (Kreutzweiser et al., 1995), no effects 
were noted on invertebrate drift in five stream channels over a 14 day period of observation 
after 12 hour exposures to hexazinone at concentrations that ranged from 3.1 to 4.1 mg/L. 
At the end of the 14-day observation period, no significant pair-wise differences between 
treated and control channels were noted for 14 taxa of macroinvertebrates. Overall, 
however, there was a significant increase in abundance of invertebrate taxa in treated versus 
control channels (Kreutzweiser et al., 1995). In a similarly designed study, no effects on 
stream invertebrates were observed after the application of Velpar L at a level that resulted 
in hexazinone levels of 0.145-0.432 mg/L over a 24-hour exposure period (Schneider et al., 
1995). In addition, Mayack et al., (1982) reported no effects on stream macroinvertebrates at 
water concentrations of 0.008 mg/L to 0.044 mg/L. These concentrations were the result of 
the application of hexazinone pellets (formulation not specified but consistent with Pronone 
10G) at a rate of 16.8 kg/ha in four small watersheds located in mixed hardwood-pine 
stands. One additional watershed served as an untreated control. 

Aquatic Plants - Based on the standard bioassays submitted to the U.S. EPA for registration and 
published studies, there are relatively substantial differences in sensitivity to hexazinone among 
species of freshwater algae. The differences span a factor of approximately 24 based on the EC25 
values and 38 based on the NOEC values, with Selenastrum capricornutum (a freshwater green alga) 
being the most sensitive (5-day EC50 = 0.0068 [0.0063-0.0072] mg/L; NOEC of 0.004 mg/L) and the 
least sensitive species being Anabaena flos-aquae (a freshwater blue-green alga) (5-day EC25 = 0.16 
[0.02-0.24] mg/L; NOEC 0.15 mg/L). 

In one study on the toxicity of hexazinone to macrophytes (i.e. duckweed - Lemna sp.), adverse 
effects (a reduction in frond count and reduced biomass) were noted at the lowest concentration 
tested (0.026 mg/L), with exposures over a 14-day period. The EC25 for the most sensitive endpoint 
(frond count) was estimated at 0.027 mg/L. In another study the NOEC is estimated to be 0.012 
mg/L. 

The carriers and/or inerts in formulations of Velpar L do not appear to reduce the toxicity of 
hexazinone to aquatic plants. 

It appears that in two of the field trials (Kreutzweiser et al 1995 and Schneider et al., 1995) 
described under Aquatic Invertebrates, reductions in algal photosynthesis were temporary and 
recovery was rapid following clearing of hexazinone from stream channels. 

Imazapyr (Sources: FS WSM v. 6.00.10; SERA 2011c; U.S. EPA 2006d) 
Mammals - Although acute, subchronic, and chronic toxicity studies on imazapyr do not 

demonstrate adverse effects that are unequivocally attributable to exposure, this uncertainty or a 
lack of knowledge has a relatively minor impact on this risk assessment, because the available 
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toxicity studies are relatively complete—chronic studies in three mammalian species (dogs, rats, and 
mice) and several reproduction studies in two mammalian species (rats and rabbits)—and indicate 
that imazapyr is not likely to be associated with adverse effects at relatively high-dose levels (SERA 
2011c, p. 54). Imazapyr is considered slightly toxic to mammals.  

Birds - The available avian studies on imazapyr (acute gavage, acute dietary, and reproduction 
studies in both bobwhite quail and mallard ducks), all of which were conducted up to limit doses, do not 
report any signs of toxicity. Imazapyr is considered slightly toxic to birds. 

Reptiles and Amphibians (Terrestrial-Phase) - No acute or chronic toxicity studies were found 
in open literature or in studies submitted to the U.S. EPA for reptiles or terrestrial-phase 
amphibians. 

Terrestrial Invertebrates - Two studies (oral and contact) on honeybees suggest that imazapyr 
is practically nontoxic to honeybees. Whether this is true for all of the diverse species of 
invertebrates found in the environment is unknown. 

Terrestrial Plants (Macrophytes) - After foliar application, imazapyr is transported via the phloem 
and inhibits acetolactate synthase, an enzyme that catalyzes the biosynthesis of three branched-chain 
amino acids, which are essential for protein synthesis and plant growth. Imazapyr does not appear to be 
extensively metabolized by plants. 

Imazapyr has been shown to translocate to plant roots and exude from the roots into the 
surrounding soil, posing a risk to nearby plants (SERA 2011c, p. 58), in a process known as allelopathy. 
However, given that imazapyr moves relatively rapidly in soil, the potential for allelopathic effects may 
not have a practical or substantial impact on potential risk to non-target plants.  

Imazapyr formulations are labeled for both post-emergence and pre-emergence control of both 
broadleaf vegetation (dicots) and grasses (monocots). Based on standard toxicity studies of foliar 
applications of technical grade imazapyr, dicots appear to be substantially more sensitive than monocots 
in assays for both vegetative vigor and seedling emergence  

Terrestrial Microorganisms - What little information is available on the toxicity of imazapyr to 
terrestrial microorganisms indicates that it is highly species specific, with variations in sensitivity of up to 
a factor of 100. It is not clear whether these effects, which are based on laboratory cell culture studies at 
very high concentrations of imazapyr, would occur in field populations of microorganisms. 

As stated in SERA 2011c, p 61: 

In peak soil concentrations, imazapyr inhibited cellulose decomposition and carboxymethyl 
cellulase activity when applied at 0.25 to 1 kg/ha, equivalent to about 0.22 to 0.9 lb/acre, to a 
predominantly peat soil (Ismail and Wong 1994). These investigators speculate that “the 
reduction in cellulose degradation is likely to be only a temporary effect” (Ismail and Wong 1994, 
p. 122) and that the activity of imazapyr on terrestrial microorganisms may decline as the 
herbicide is adsorbed to soil and thereby becomes less bioavailable to microorganisms. On the 
other hand, imazapyr may persist in soil for a prolonged period of time, particularly in relatively 
arid regions, and will not bind tightly to alkaline soils with low organic matter. Thus, in at least 
some areas, a potential for longer-term effects on soil microorganisms seems possible. This 
effect, however, has not been demonstrated in field studies. In a greenhouse study, Busse et al., 
(2004) noted no effects on the infectivity of mycorrhizal fungi to pine seedlings following 
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application of imazapyr at rates of 0.82 to 1.6 lb a.e./acre (i.e., rates that caused clear signs of 
toxicity in the pine seedlings).  

Fish - The U.S. EPA classifies both imazapyr acid and isopropylamine salt as practically non-toxic 
to fish. One commonly used formulation of imazapyr, Arsenal Herbicide (27.8% a.i, 22.6% a.e. 
isopropylamine salt and 72.2% inerts, which include an unspecified solvent), appears to be 
substantially more toxic to trout relative to imazapyr and isopropylamine salt of imazapyr. This is 
evidently due to one or more of the inerts in the formulation. The 96-hour LC50 of Arsenal Herbicide 
is about 41 mg a.e./L in bluegills and 21 mg a.e./L in trout. 

Longer-term toxicity studies have been done on imazapyr but not on its formulations. This is 
problematic, as the acute NOAEC of the isopropylamine salt of imazapyr in rainbow trout is 110 mg 
a.e./L while for the Arsenal Herbicide formulation it is 10.4 mg a.e./L. The acute NOAEC for the 
Arsenal Herbicide formulation in rainbow trout is below the longer-term NOAEC for imazapyr acid 
by a factor of about 4. 

The longer-term toxicity of imazapyr acid to fathead minnows has been assayed in an early life-
stage study and a full life cycle study. Neither study detected adverse effects at concentrations of up 
to about 120 mg a.e./L. Rainbow trout appear to be the most sensitive species, as at a 
concentration of 92.4 mg a.e./L in an early life-stage study there was a reduction in hatch and fry 
survival, judged by the researcher as a “…nearly significant effect on hatching.”  No effects, 
however, were noted at a concentration of 43.1 mg a.e./L. The U.S. EPA determined that the 92.4 
mg a.e./L concentration is a LOAEC (lowest observed adverse effect concentration) rather than a 
NOAEC. 

Amphibians (Aquatic Phase) - No acute or chronic toxicity testing on aquatic-phase amphibians 
was found for imazapyr.  

The U.S. EPA Pesticide Effects Determinations for the risks of imazapyr use to the federally 
threatened California red-legged frog (U.S. EPA 2007b) did not list any toxicity studies using aquatic-
phase amphibians as study organisms. 

Aquatic Invertebrates - The U.S. EPA classifies both imazapyr acid and isopropylamine salt of 
imazapyr as practically non-toxic to Daphnia magna and saltwater invertebrates (oysters and pink 
shrimp). The Arsenal Herbicide formulation of imazapyr is more toxic than either imazapyr acid or 
the isopropylamine salt. In Daphnia magna the EC50 for Arsenal Herbicide is 79 mg a.e./L while the 
EC50 for isopropylamine salt of imazapyr is 614 mg a.e./L, lower by a factor of about 8. 

The only longer-term toxicity study on imazapyr, a standard life cycle study in Daphnia magna, 
resulted in no effects at concentrations of up to 97.1 mg a.e./L. This chronic NOAEC is above the 
acute NOAEC of 59.3 mg a.e./L for Arsenal Herbicide. 

As stated in SERA 2011c (p. 64): 

Concern for longer-term effects of exposures of aquatic invertebrates is at least 
somewhat diminished by the mesocosm study by Fowlkes et al., (2003). As summarized in 
Appendix 5 (Table 4), the study involved exposures of mixed macroinvertebrates to 
mesocosms treated with Arsenal Applicators Concentrate at concentrations of 0.184, 1.84, or 
18.4 mg a.e./L. No impacts were noted on species richness or abundance after a 2-week 
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exposure period, which is comparable to the exposure period in chronic daphnid studies. The 
apparent NOAEC of 18.4 mg a.e./L is consistent with the acute NOAEC of 59.3 mg a.e./L for 
Arsenal Herbicide (Forbis et al., 1984b) as well as the chronic NOAEC of 97.1 mg a.e./L in 
daphnids (Manning 1989c). 

Aquatic Plants - Based on the geometric means of the EC50 values in algae (37.2 mg a.e./L) and 
aquatic macrophytes (0.023 mg a.e./L), imazapyr is more toxic to aquatic macrophytes than to algae 
by a factor of over 1600. The differences in 7-day EC50 values for imazapyr acid among different 
species of algae span a factor of about 8, ranging from 12.2 to 92 mg a.e./L. The isopropylamine salt 
of imazapyr (EC50 = 11.5 mg a.e./L) is more toxic than imazapyr acid (EC50 = 71 mg a.e./L) by a factor 
of about 6. 

Three standard bioassays in aquatic macrophytes (duckweed [Lemna gibba] and water milfoil 
[Myriophyllum sibiricum]) suggest little variability in the sensitivity of aquatic macrophytes to 
imazapyr acid and Arsenal (isopropylamine salt of imazapyr). These bioassays resulted in similar EC50 
values for growth inhibition, ranging from 0.018 mg a.e./L for the salt of imazapyr in duckweed to 
0.029 mg a.e./L for the Arsenal formulation in water milfoil. However, efficacy studies suggest 
variability in the tolerance of species to imazapyr. 

NP9E (Sources: FS WS ver. 2.02; USDA/FS 2003b; U.S. EPA 2010e) 
NP (nonylphenol) is one of the parent chemicals of NPE (nonylphenolpolyethyoxylate), a 

chemical group that is part of many herbicide surfactants. NPs are used widely in the U.S. About 
80% of this use is for industrial and institutional surfactants and liquid detergents (USDA/FS 2003b). 
As stated in U.S. EPA.2010e: 

NP and certain oligomeric NPEs are highly toxic to aquatic organisms, are moderately 
bioaccumulative in mollusks, are persistent in the aquatic environment, and accumulate in 
soils and sediments (EPA, 2005). (ibid, p. 1) 

Many herbicide surfactants used by the USFS, analyzed in USDA/FS 2003b (p. v), and likely to be 
used under the Proposed Program and Alternatives, contain from 20-80% NPE. The chemical group 
of NPEs that are used in herbicide surfactants, NP9E, are of relative low acute toxicity to fish, as are 
the metabolites (the NPECs) likely to be found in water. As stated in USDA/FS 2003b (p. 43), “The 
NPECs would appear to be slightly more acutely toxic to fish than NP9E. NP is an order of magnitude 
more toxic to fish than the NP9E or NPECs.”  NP9E surfactants are generally mixed with herbicides 
and water carriers at dilution rates of 0.25% to 2.5% (USDA/FS 2003b, p. 1). The percentage of NP9E 
in a tank mix would therefore range from 0.0005% to 0.02%. 

Mammals - NP9E is classified by the U.S EPA as slightly toxic to practically non-toxic to 
mammals (toxicity category III or IV). Although the acute toxicity of NP, the parent compound of 
NP9E, is somewhat higher, it is also classified in category III or IV. 

NP9E is minimally to severely irritating to rabbit skin and moderately to severely irritating to 
rabbit eyes. It can cause severe, irreversible eye damage to the eyes of terrestrial organisms. 

The liver and kidney are the organs most likely to be affected by chronic and subchronic 
exposures to NPE and NP. These compounds have been determined to be weakly estrogenic in both 
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in vitro and in vivo tests involving aquatic and terrestrial organisms. Non-reproductive effects 
appear to be the more sensitive endpoint.  

No evidence of carcinogenicity was reported in 2-year chronic oral toxicity studies of NP9E with 
rats and dogs. However, ethylene oxide and 1, 4-dioxane, sometimes found as impurities in NP9E at 
low levels, are classified as carcinogens. Ethylene oxide is also a mutagen.  

NP9E appears to be rapidly metabolized and excreted, based on one study. It does not appear 
to be immunotoxic or neurotoxic at doses considered protective of kidney or liver effects. 

Birds - Published literature has no data on the effects of NP or NPEs to birds. 

Reptiles and Amphibians (Terrestrial-Phase) - No acute or chronic toxicity studies were found 
for reptiles. 

Terrestrial Invertebrates - The only study found in the literature on the effects of NPE on 
terrestrial insects (honeybees) does not provide sufficient data to characterize the risk to terrestrial 
invertebrates.  

Terrestrial Plants (Macrophytes) - There is no data in the published literature on the toxicity of 
NPEs to plants. Since NP9E surfactants would be mixed with herbicides, any potential toxic effects 
would be masked by the effects of the herbicides. 

There is only limited data on the toxicity of NP to plants. It appears that NP is quickly 
mineralized by soil microorganisms, uptake of NP from soil is slow to non-existent, and there is little 
to no toxic effect on plants. 

Terrestrial Microorganisms - There is no toxicity of NPE and NP to soil microorganisms at 
application rates of NP in soil up to 250 mg/kg. 

Fish - As stated in U.S. EPA.2010e: 

The available acute and chronic toxicity data of NP to aquatic organisms indicates NP is 
highly toxic to fish, aquatic invertebrates, and aquatic plants. (ibid, p. 4) 

However, For NPEs, toxicity to aquatic organisms tends to decrease with increasing 
degree of ethoxylation. For example, acute toxicity to killifish was 1.4 mg/L, 3 mg/L, 5.4 mg/L, 
12 mg/L and 110 mg/L for NP, NP1EO (i.e., NPE with one ethoxylate group), NP6.4EO (i.e., 
NPE mixture with an average of 6.4 ethoxylate groups), NP9EO and NP16.6EO, respectively 
(Canada, 2002). Environment Canada, based on a comprehensive analysis of available 
toxicity data for NP and NPEs, developed Toxic Equivalency Factors (TEFs) for NP and NPEs, 
as follows: NP =1; NP1EO and NP2EO =0.5 (i.e., half as toxic as NP); NP3EO to NP8EO also = 
0.5 (a conservative estimate because of inadequate data); NP9EO and greater = 0.005 (i.e., 
100 times less toxic than NP) (Canada 2002). (ibid) 

As stated above, acute toxicity varies with the degree of ethoxylaytion. For NP8E, 96-hour LC50 
values for juvenile rainbow trout range from 4,100 to 5,400 ppb. For NP8.9E, 48-hour LC50 values for 
the Japanese medaka (Oryzias latipes) range from 11,200 to 14,000 ppb. For NP9E, 96-hour LC50 

values for fathead minnows (Pimephales promelas) range from 4,000 to 6,600 ppb. These acute 
toxicity values for NP8-9E are at least 1 order of magnitude less than NP. For NP10E, 96-hour LC50 
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values for adult cod (Gadus moorhua) and flounder (Pleuronectes flesus) range from 2,500 to 6,000 
ppb, depending upon water temperature. 

Most 96-hour LC50 values for acute toxicity of NP to tested fish species range from 100 to 460 
ppb. The lowest tested 96-hour LC50 was for the salt-water species flounder (Pleuronectes 
americanus), with a value of 17 ppb. Other species tested were the fathead minnow (128 to 320 
ppb), rainbow trout (190 to 270 ppb), Atlantic salmon (130 to 900 ppb), and sheepshead minnow 
(460 ppb). In the Japanese medaka, the 48-hour LC50 for NP is 1,400 ppb. 

A study comparing the acute toxicity of NP in surrogate fish species against threatened or 
endangered species found that the Apache trout, greenback cutthroat trout, and Lahontan trout 
were all similar to the rainbow trout surrogate (96-hour LC50 values of 150 to 180 ppb as compared 
to the rainbow trout 190 ppb). Correlations were less good between warm water threatened or 
endangered fish (bonytail chub, Colorado pikeminnow, and razorback sucker) and the fathead 
minnow surrogate (96-hour LC50 values of 170 to 290 ppb as compared to 270 ppb). The authors of 
the study concluded that a safety factor of 2X should be sufficient to provide a conservative 
estimate for listed cold and warm freshwater fish species. 

The acute toxicity of the environmental metabolite NP1EC to fathead minnows indicates a 96-
hour EC50 of 2,000 ppb while in Japanese medaka or killifish, a 48-hour EC50 for NP1EC was 
determined to be 9,600 ppb and for NP2EC, 8,900 ppb. 

As stated in USDA/FS 2003b (p. 43): 

It would appear that in terms of acute toxicity to fish, NP9E is of relatively low acute 
toxicity, as are the likely environmental metabolites that would be found in water (the 
NPECs). The NPECs would appear to be slightly more acutely toxic to fish than NP9E. NP is an 
order of magnitude more toxic to fish than the NP9E or NPECs. 

There is little data on NPEs in regard to sub-chronic and chronic toxicity. In a 7-day study of 
NP9E on fathead minnows, a NOEC of 1,000 ppb was determined, based on growth. In a 42-day 
study where fathead minnows were exposed to NP9E at rates up to 5.5 ppb, there was no mortality 
and no effects to secondary sex characteristics. A 14-day study of rainbow trout exposed to NP8E 
resulted in a LC50 of 4,250 ppb. Sublethal effects (impaired locomotor activity and breathing rate) 
from exposure to NP10E in codfish (Gadus morhua) have been demonstrated at rates of >1 mg/L 
(1,000 ppb), with the effects remaining reversible over a long period of time. This exposure rate was 
three orders of magnitude higher than needed to elicit the same response from NP (2 μg/L or 2 ppb) 
in the same species. 

For NP, the subchronic NOEC varies with species, with lab-determined 28- to 90-day values 
ranging from 1-23 ppb. 

Exposure to the environmental metabolite NP1EC at rates up to 50 ppb for 35 days after hatch 
in rainbow trout had no dose-dependent effects on growth or ovosomatic index, as measured after 
108 or 466 days. In an unpublished study with fathead minnows, a NOEC of 1000 ppb was 
established for NP1EC. 

Further, as stated in USDA/FS 2003b (p. 45): 
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Bioconcentration potential of the short-chain ethoxylates (NP, NP1E, NP2E) in freshwater fish 
and other aquatic biota appears to be low to moderate ranging up to about 740 (Ahel et al 1993; 
Liber et al 1999b;Snyder et al 2001; US EPA 1996). Little data exists on the bioconcentration of 
longer chain NPEs, but based on their structure they are not expected to bioaccumulate 
(Environment Canada 2001a, Servos 1999) 

Amphibians (Aquatic Phase) - No acute or chronic toxicity studies on adult amphibians were 
found for NP9E. Acute toxicity studies on amphibians were found for NP/NPE. These studies are 
generally of a limited nature and are limited to frog or toad embryos or tadpoles. 

Two studies on NP8E tested embryos of three species and tadpoles of six species. In the embryo 
study, 96- to 140- hour LC50 values ranged from 3.9 to 9.2 ppm, comparable to values for freshwater 
fish. Developmental EC50 values ranged from 2.8 to 8.8 ppm. The minimum NP8E concentration 
inhibiting growth (an LOEC) ranged from 1 to 4 ppm. In the tadpole study, mild narcosis EC50 values 
ranged from 2.3 to <10.6 ppm. Water temperature increases did not affect EC50 values, but reduced 
dissolved oxygen in water reduced EC50 values by about half, as compared to normal levels of 
oxygen. Tadpoles recovered from narcosis during the life of the test. 

For NP, acute toxicity 96-hour to 14-day LC50 values for amphibians ranged from 75 to 120 ppb 
in water and 10 to 30 day LC50 values of 260 mg/kg for dosed sediments. When Xenopus laevis was 
exposed to NP, there was a 14-day NOEC for tail resorption of 25 ppb. NP exposure for 12 weeks to 
X. laevis tadpoles at 22 ppb caused a significant increase in the percentage of female frogs, but this 
effect was not seen at 2.2 ppb. 

Aquatic Invertebrates - NP9E toxicity to aquatic invertebrates is less than for NP, 
demonstrating the same relationship as is found in fish and amphibians. The 48-hour EC50 for 
Daphnia magna, is 14,000. In two subchronic studies, a Daphnia 7-day NOEC (growth) value of 
10,000 ppb was determined. For mysid shrimp, the 48-hour LC50 value ranges from 900 – 2,000 ppb. 

After exposure to NP10E, sublethal effects to mussels, cockles, and barnacles were seen at 2-5 
mg/L (ppm) while effects to locomotion of a decapod, hermit crab and shore crab were seen at 20-
40 mg/L (ppm). 

To determine the toxic effects to invertebrates of a tank mix of X-77, an NPE-based surfactant, 
mixed with the Rodeo formulation of glyphosate, in-lab toxicity tests were done as well as field 
applications to freshwater wetlands. For four species of invertebrates, 48- and 96-hour LC50 values 
for X-77 ranged from 2.0 to 14.1 mg/L, about two orders of magnitude greater than the acute 
toxicity of Rodeo alone. However, mortality patterns were similar between the treated and 
untreated wetlands, indicating a lack of acute toxicity of the tank mix at the application rate. But 
potential chronic effects of such applications are unknown. 

One study of the exposure of Daphnia to the metabolites NP2E and NP2EC derived a 48-hour 
LC50 of 115 to 198 ppb for NP2E and 770 to 1,295 ppb for NP2EC. 

Tests of NP on various species of freshwater and marine invertebrates have resulted in 96-hour 
LC50 values ranging from about 20 to about 775 ppb. For Daphnia, the LC50 for NP and NP2E are 
similar. 
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For mysid shrimp after exposure to NP, the 28-day chronic NOEC (growth) is 4 ppb. Daphnia 
have a slightly higher 21-day NOEC (reproduction) of 24 and 116 ppb while the NOEC 
(embryotoxicity) occurs at 44 ppb. The marine copepod Tisbe battagliai had a 53-day NOEC of 20 
ppb. In littoral enclosure studies, no effects were seen on macroinvertebrates at levels of NP up to 
23 ppb and no effects to zooplankton at levels of 5 ppb. 

In a study of NP applied to outdoor microcosms at average concentrations of 5, 23, 76, and 243 
μg/L, only the highest concentration caused significant declines in zooplankton abundance and 
insect emergence, although there were sensitive taxa affected at 23 μg/L. However, in terms of 
abundance, the overall zooplankton community structure was relatively unaffected. 

Aquatic Plants - For NP9E exposure to green algae, the NOEC (growth) value is 8,000 ppb and 
the 96-hour EC50 (growth) value is 12,000 ppb. 

For NP, a marine alga has been the most sensitive aquatic plant species tested, with a 96-hour 
EC50 (growth) of 27 ppb and a NOEC of 10 ppb. Green algae and duckweed have 96-hour NOEC 
(growth) values ranging from 90 to 900 ppb. Duckweed seems to be more tolerant than the algae. In 
a littoral enclosure study there were no effects to aquatic macrophytes (Chara and Potamogeton) 
while there was a small increase in periphyton biomass at the highest mean average concentration 
of 243 μg/L over 20 days. 

Sulfometuron methyl (Sources: FS WSM v. 6.00.10; SERA 2004c; U.S. EPA 2008a, 2009g) 
Mammals - Sulfometuron methyl has low acute and chronic oral toxicity to mammals. Although 

there is relatively little information on the effects in non-target wildlife species, it is reasonable to 
assume that the effects will mirror those in experimental mammals. 

Birds - Based on acute exposure studies, birds appear to be somewhat less sensitive than 
experimental mammals to the toxic effects of sulfometuron methyl. No chronic exposure studies 
were identified in the available literature. 

Reptiles and Amphibians (Terrestrial-Phase) - No acute or chronic toxicity studies were found 
for reptiles. 

Terrestrial Invertebrates - Sulfometuron methyl is practically nontoxic to bees. It is not clear 
from available data whether this low level of toxicity is true for other invertebrates. 

Terrestrial Plants (Macrophytes) - Non-target plants are sensitive to sulfometuron methyl. 
Based on pre-emergence applications, rape, tomato, sorghum, wheat, and corn were the most 
sensitive species (onion, pea, cucumber, and soybean were the least sensitive). Based on post-
emergence applications, corn was the most sensitive species. Adverse effects were observed in 
most broadleaved plants and grasses tested. Field reports indicate “substantial and prolonged 
damage to crops or ornamentals after the application of sulfometuron methyl in both an arid 
region, presumably due to the transport of soil contaminated with sulfometuron methyl by wind, 
and in a region with heavy rainfall, presumably due to the wash-off of sulfometuron methyl 
contaminated soil” (SERA 2004c, p. 4-5). 

Terrestrial Microorganisms - Sulfometuron methyl appears to inhibit the growth of several soil 
microorganisms at low concentrations. 
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Fish - Studies on acute toxic effects of sulfometuron methyl in fish suggest that effects are not 
likely to be observed at concentrations less than or equal to 150 mg/L (SERA 2004c). Available acute 
toxicity data for freshwater fish and invertebrates indicate that sulfometuron methyl is practically 
non-toxic on an acute exposure basis, with all EC50s / LC50s >100 mg/L. For marine and estuarine fish, 
available acute toxicity data indicate that sulfometuron is at most slightly toxic on an acute 
exposure basis (EC50s / LC50s range from >38 to >45 mg a.i./L) (U.S. EPA 2008a). 

Based on 30-day chronic exposure assays of fathead minnow embryo hatch, larval survival, or 
larval growth, no adverse effects would be expected at concentrations of up to 1.17 mg/L. 

Amphibians (Aquatic Phase) - In acute and chronic exposure studies, the most sensitive aquatic 
species tested appears to be the African clawed frog, with exposure to sulfometuron methyl 
producing alterations in limb development, organogensis, and metamorphosis, with the lowest 
NOEL of 0.001 mg/L for metamorphosis. 

Aquatic Invertebrates - Based on acute bioassays in daphnids, crayfish, and field-collected 
species of other aquatic invertebrates, sulfometuron methyl appears to be relatively non-toxic to 
aquatic invertebrates. As stated in SERA 2004c (p. 4-8): 

One daphnid reproduction study noted a decrease in the number of neonates at 24 mg/L 
but not at 97 mg/L or any of the lower concentrations tested. The authors report the NOEL as 
6.1 mg a.i./L. Although the effect observed at 24 mg/L may have been a random variation, it 
is treated as an LOAEL for the purpose of this risk assessment. While this approach may be 
regarded as conservative, in the absence of additional studies regarding reproductive effects 
in aquatic invertebrates, the approach seems prudent.  

Available acute toxicity data for invertebrates indicate that sulfometuron methyl is practically 
non-toxic on an acute exposure basis, with all EC50s / LC50s >100 mg/L. For marine and estuarine 
invertebrates, available acute toxicity data indicate that sulfometuron is at most slightly toxic on an 
acute exposure basis (EC50s / LC50s range from >38 to >45 mg ai/L) (U.S. EPA 2008a). 

Aquatic Plants - As might be expected, aquatic plants are much more sensitive than aquatic 
animals to the effects of sulfometuron methyl, although the effects on aquatic plants have not been 
extensively studied. EC50 values for growth inhibition range from 0.462 g/L in duckweed to 10 g/L in 
hydilla. EC50 values in algae for growth inhibition range from 4.6 g/L in Selenastrum capricornutum 
to > 370 g/L (the NOEC value) in Navicula pelliculosa. Macrophytes appear to be generally more 
sensitive than unicellular algae. 

As stated in SERA 2004c (p. 4-2): 

There are no published or unpublished data regarding the toxicity of sulfometuron methyl 
to aquatic bacteria or fungi. By analogy to the effects on terrestrial bacteria and aquatic algae, 
it seems plausible that aquatic bacteria and fungi will be sensitive to the effects of 
sulfometuron methyl. 

Triclopyr (Sources: FS WSM v. 6.00.10; SERA 2011d) 

The hazard identification for nontarget organisms is concerned with triclopyr acid, triclopyr 
TEA, triclopyr BEE, and 3,5,6-trichloro-2-pyridinol (TCP) a metabolite of triclopyr. In terrestrial 
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animals, triclopyr TEA and triclopyr BEE appear to be bioequivalent to triclopyr. Few systematic 
differences in species sensitivity in terrestrial animals are apparent. In aquatic organisms, triclopyr 
BEE is much more toxic than triclopyr TEA or triclopyr acid. 

Mammals - Triclopyr is only slightly toxic to mammals. Triclopyr is a weak acid and is therefore 
likely to be more toxic to dogs than to most other mammals. Based on very clear and consistent 
patterns in both subchronic and chronic studies involving dietary exposures, sensitivity to triclopyr is 
greater in larger mammals. 

The primary target tissue for triclopyr toxicity in mammals is the kidney. Triclopyr causes 
developmental effects only at doses that cause maternal toxicity. Triclopyr will not accumulate in 
mammals on repeated dosing. Available studies on wildlife do not report adverse effects 
attributable to the toxicity of triclopyr. 

Triclopyr TEA can cause severe, irreversible eye damage to the eyes of terrestrial organisms. 

Birds - Based on studies in mallard ducks and bobwhite quail, triclopyr is only slightly toxic to 
birds (triclopyr acid practically non-toxic to slightly toxic and triclopyr TEA and BEE [Garlon 4] 
practically non-toxic). In ducks, the acute oral toxicity of triclopyr acid and triclopyr TEA are 
substantially similar. In quail, the toxicity of triclopyr BEE is lower than the toxicity of triclopyr acid 
and triclopyr TEA to ducks by a factor of about 2.5. 

In two field studies using triclopyr applications in the range of application rates that may 
potentially be used under the PEIR or Alternatives, no adverse effects were observed in birds. 

TCP is less toxic to birds than triclopyr BEE, triclopyr TEA, and triclopyr acid (SERA 2011d, p. 90). 

Reptiles and Amphibians (Terrestrial-Phase) - The toxicity of triclopyr or TCP to reptiles or 
terrestrial phase amphibians is not included in “either the recent EPA ecological risk assessment on 
triclopyr (U.S. EPA/OPP 2009a) or in the database on amphibian and reptile toxicity data maintained 
by the Canadian National Wildlife Research Centre (Pauli et al., 2000)” (SERA 2011d, p. 90). 

No acute or chronic toxicity studies were found for reptiles. 

Terrestrial Invertebrates - Triclopyr acid and triclopyr TEA are practically nontoxic to bees while 
triclopyr BEE is slightly more toxic. 

One study on earthworms suggests that triclopyr TEA may be moderately toxic to earthworms 
relative to triclopyr acid. However, the toxic concentrations in this study were far higher than soil 
concentrations of triclopyr that would occur in the environment. A chronic effects study indicated 
no adverse effects from exposure to Garlon 4 on earthworm reproduction or growth. A field study 
of the effects of Garlon 3A to earthworms and other invertebrates resulted in no significant 
reduction in mixed earthworm populations, mites, springtails, or ants in turf and soil core samples. 

A series of field studies suggest that effects to invertebrates were attributable to changes in 
vegetation rather than direct toxic effects of triclopyr. 

Terrestrial Plants (Macrophytes) - Triclopyr BEE is bioequivalent to triclopyr TEA in foliar 
applications to terrestrial plants. With foliar applications, triclopyr is effective for controlling dicots 
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and relatively ineffective in controlling monocots. Pines tend to be tolerant to triclopyr exposures 
after fall dormancy but more sensitive during the spring and summer.  

In seedling emergence studies, triclopyr BEE is much more toxic than triclopyr TEA, at least in 
some species, such as alfalfa. 

One study suggests that some bryophytes and lichens may be sensitive to long-term effects 
after triclopyr exposure, which raises a concern that exposure to substantial triclopyr drift may have 
long- term impacts on bryophyte and lichen communities. Since triclopyr BEE is much more volatile 
than triclopyr TEA, it can cause damage to nontarget plants through vapor transport. Although none 
of the field studies involving triclopyr BEE document damage to nontarget plant species through 
volatilization, anecdotal reports from the Forest Service suggest that volatilization of triclopyr may 
damage nontarget plants if triclopyr BEE is applied under a poorly ventilated canopy and high 
temperatures. 

Terrestrial Microorganisms - Diverse studies on the toxicity of triclopyr to terrestrial 
microorganisms suggest that it is not likely to have an impact on soil microorganisms. 

Fish - Based on acute toxicity studies, triclopyr TEA is much less toxic to fish than either triclopyr 
BEE or TCP. The median of the LC50 values for triclopyr TEA is about 131 mg a.e./L while the median 
for corresponding values of TCP is 3.19 mg/L. Triclopyr TEA is less toxic than TCP by a factor of about 
40. The median for corresponding values of triclopyr BEE is 0.539 mg a.e./L. Triclopyr TEA is less 
toxic than triclopyr BEE by a factor of about 240 and TCP is less toxic than triclopyr BEE by a factor of 
about 6. 

Based on chronic studies, the NOAEC for triclopyr TEA is about 32.4 mg a.e./L and the NOAEC 
for TCP is 0.178 mg/L. TCP is more toxic than triclopyr TEA by a factor of about 180. Based on a 
standard egg-to-fry study in trout, the NOAEC for triclopyr BEE is 0.017 mg a.e./L. Based on chronic 
exposures, triclopyr BEE is more toxic than TCP to fish by a factor of about 10. 

To summarize, triclopyr BEE is more toxic to fish than triclopyr TEA by a factor of about 240, 
based on acute toxicity. TCP is more toxic to fish than triclopyr TEA by a factor of about 40, based on 
acute toxicity, and by a factor of 180, based on chronic toxicity. TCP is less toxic to fish than triclopyr 
BEE by a factor of 6, based on acute toxicity, and less toxic to fish than triclopyr BEE by a factor of 
10, based on chronic toxicity. There do not seem to be any significant differences among fish species 
in terms of sensitivity to the forms or formulations of triclopyr covered in this risk assessment 

TCP is of concern in applications of triclopyr TEA, although this concern is somewhat lessened 
by the lower concentrations of TCP relative to triclopyr. However, for fish exposures, the risks 
associated with TCP are assessed quantitatively in U.S. Forest Service risk assessments. 

Studies on the sublethal effects of Garlon 4 on rainbow trout showed that at concentrations of 
0.32-0.43 mg/L, about a factor of 2 below the 96-hour LC50 determined in this study, fish were 
lethargic. At levels ≤0.1 mg/L, fish were hypersensitive over 4-day periods of exposure. This is 
reasonably consistent with the threshold for behavioral changes in rainbow trout for Garlon 4 of 0.6 
mg/L found in another study, which also found a corresponding threshold for behavioral changes to 
Garlon 3A of 200 mg/L, consistent with the relative acute lethal potencies of these two agents.  
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Amphibians (Aquatic Phase) - There is only one acute toxicity value for triclopyr TEA, the 96-
hour LC50 of 84 mg a.e./L in Xenopus laevis exposed to Garlon 3A. This is lower than the median LC50 
in fish (~130 mg a.e./L) but well within the range of LC50 values (~40 to 420 mg a.e./L). 

The only acute toxicity values for triclopyr BEE are for the Release or Garlon 4 formulations. 
Tadpoles are more sensitive than embryos, with differences in sensitivity spanning about an order 
of magnitude (median LC50 values of about 2 mg a.e./L in tadpoles and 20 mg a.e./L in embryos). 
Based on the LC50 value for tadpoles, the most sensitive stage, amphibians appear to be less 
sensitive than fish by a factor of about 4. 

A large body of literature on reproductive toxicity in mammals indicates that triclopyr is not 
likely to cause reproductive or teratogenic effects at sublethal concentrations. 96-hour 
teratogenesis assays of Garlon 3A and Garlon 4 for malformations in frog (Xenopus laevis) embryos 
found no statistically significant increases in abnormalities in any groups exposed to Garlon 3A or 
Garlon 4 at levels that were not lethal. 

As stated in SERA 2011d (p. 99): 

Berrill et al., (1994) also assayed the toxicity of Garlon 4 using embryos and tadpoles of 
Rana pipiens (leopard frog), Rana clamitans (green frog), and Rana catesbeiana (bullfrog) in 
a static assay with aeration, which was conducted in darkness to prevent hydrolysis of 
triclopyr BEE. Exposures to 0.6, 1.2, and 4.6 mg a.e./L had no effect on hatching success, 
malformations, or subsequent avoidance behavior of embryos. Newly hatched tadpoles died 
or became immobile after exposure to the two higher concentrations. The approximate EC50 
values for response to prodding were between 1.2 and 4.6 mg a.e./L after a 24-hour 
exposure period. As summarized in Table 34, these EC50 values for response to stimuli are 
very close to the LC50 values for frog larvae and probably reflect signs of nearly lethal 
exposures rather than sublethal effects on behavior. 

Data on the toxicity of TCP to aquatic phase amphibians were not identified in the conduct of 
the current risk assessment. 

Aquatic Invertebrates - Based on the median acute 48-hour LC50 values, triclopyr BEE is more 
toxic than triclopyr TEA to aquatic invertebrates, by a factor of about 140, which is less than the 
difference in toxicity to fish (240X) between these two chemical forms. This difference in sensitivity 
is due almost entirely to the greater tolerance of aquatic invertebrates to triclopyr TEA. For triclopyr 
TEA, aquatic invertebrates are more tolerant than fish by a factor of about 3while for triclopyr BEE, 
aquatic invertebrates are more tolerant than fish by a factor of about 5. Based on acute bioassays of 
aquatic invertebrates exposed to triclopyr BEE, daphnids appear to be more sensitive than aquatic 
insects, with other aquatic arthropods displaying intermediate sensitivity. Snails may be more 
tolerant to triclopyr than aquatic arthropods. 

In a standard 48-hour LC50 determination in Daphnia magna, TCP appears to be more toxic than 
triclopyr TEA but less toxic than triclopyr BEE. 

As stated in SERA 2011d (p. 99): 

Kreutzweiser et al., (1992) conducted a series of 1-hour bioassays of triclopyr BEE in 
several species of stream invertebrates. Based on these bioassays (Kreutzweiser et al., 1992, 
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Table 4), LC50 values for these aquatic invertebrates were greater than 290 mg/L (≈200 mg 
a.e./L). These LC50s are higher than the standard 48-hour LC50s for triclopyr BEE by about 2 
orders of magnitude. While 1-hour LC50 values are not typically available and are not 
routinely used in Forest Service risk assessments, these data from Kreutzweiser et al., (1992) 
are considered further in the risk characterization for aquatic invertebrates (Section 4.4.3.4). 

Aquatic Plants - In aquatic plants, triclopyr TEA is more toxic to dicots than monocots, while the 
differences in the toxicity of triclopyr BEE is less pronounced. Triclopyr TEA appears to be more toxic 
than triclopyr BEE to aquatic macrophytes while triclopyr BEE appears to be about equally toxic to 
both monocots and dicots. 

Of the six species of algae that have been assayed with triclopyr TEA, it appears that the 
filamentous or rod shaped algae (species of Ankistrodesmus, Anabaena, and Skeletonema) may be 
somewhat more sensitive than more spherical species of algae (Chlorella species). Triclopyr BEE is 
more toxic than triclopyr TEA to algae by a factor of about 10 and appears to be as toxic if not 
slightly more toxic to fish than to algae. Investigations into the effects of triclopyr acid on carbon 
fixation in algae noted no or relatively little inhibition in carbon fixation at concentrations of 2.6 
mg/L. 

The only two bioassays on the toxicity of TCP to algae report EC50s of 1.8 mg/L. TCP appears to 
be more toxic to algae than triclopyr TEA. Data also suggest that TCP may be as phytotoxic as 
triclopyr BEE as to aquatic macrophytes. 

5.17.2.2.3   Exposure Assessment 
5.17.2.2.3.1   Introduction 
Non-target organisms could be affected by chemicals if they are exposed to them. To assess 

exposure the SERA and USDA/FS RAs use both plausible and highly conservative exposure scenarios 
unique to each chemical and non-target species and based upon available data. The exposure 
scenarios used in this risk assessment to determine the amount of chemical an organism could be 
exposed to are determined by the application method and the chemical and toxicological properties 
of the compound being applied. Scenarios for foliar applications include acute and chronic oral 
exposure (food or drinking water) and dermal exposure, soil contamination, direct spray, and spray 
drift. Scenarios for other application methods, such as soil treatment or cut surface applications, use 
only a subset of the standard exposure scenarios for foliar applications. As stated in SERA 2012 p. 
85, “The exposure assessment for aquatic species typically relies on the estimated peak and longer-
term concentrations in water that are used in the human health risk assessment, as well as the 
exposure assessments for terrestrial wildlife from the consumption of contaminated water.”  As with 
the human health exposure assessment, the computational details for each exposure assessment 
are presented in the 2012 EXCEL “F series” workbooks created by WorksheetMaker and summaries 
are in “G series” workbooks. Rather than showing these in detail here, the reader is referred to the 
specific SERA or USDA/FS RAs for each chemical. These RAs can be downloaded from the USFS, 
Forest Health Protection website (http://www.fs.fed.us/foresthealth/pesticide/risk.shtml). The 
most current version of WorksheetMaker can be downloaded directly from the SERA website 
(www.sera-inc.com). 

As stated in SERA 2012 p. 86, 

http://www.fs.fed.us/foresthealth/pesticide/risk.shtml
http://www.sera-inc.com/
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Given the large number of species that could be exposed to pesticides and the varied 
diets in each of these species, a very large number of different exposure scenarios could be 
generated. For the generic risk assessments, an attempt is made to limit the number of 
exposure scenarios. The specific exposure scenarios presented in the general risk assessments 
are designed as conservative screening scenarios that may serve as guides for more detailed 
site-specific assessments by identifying the groups of organisms and routes of exposure that 
are of greatest concern.  

In order for chemicals to adversely affect offsite, non-target organisms they must be 
transported from the treatment site in sufficient quantities to expose those organisms to doses that 
could harm them. Chemicals are mobile to varying degrees, in both similar and different ways, and 
for different lengths of time. For a complete discussion of mobility and persistence, see Section 
5.17.2.1.3.2, Chemical Mobility, Table 5.17.17. 

It needs to be emphasized that in order to minimize risks to non-target, off-site organisms, the 
U.S. EPA requires language on chemical product labels to minimize drift or runoff. The following 
language for sulfometuron methyl is illustrative of that found on other chemical product labels (U.S. 
EPA 2009g, pp. 15 &17): 

For terrestrial uses, except for under the forest canopy: Do not apply directly to water, or 
to areas where surface water is present or to intertidal areas below the mean high water 
mark. Do not contaminate water when disposing of equipment washwater or rinsate. 

Exposure to (Brand Name) can injure or kill plants. Damage to susceptible plants can 
occur when soil particles are blown or washed off target onto cropland. Applications may not 
be made to soil that is subject to wind erosion when less than a 60% chance of rainfall is 
predicted to occur in the treatment area within 48 hours. Soils that are subject to wind 
erosion usually have a high silt and/or fine to very fine sand fractions. Soils with low organic 
matter also tend to be prone to wind erosion. 

Applications must be made using extremely coarse or coarser droplet size spectrum 
according to ASABE (S572) definition. 

Do not apply when wind speed is greater than 10 mph. 

Do not make aerial or ground applications into temperature inversions. 

Inversions are characterized by stable air and increasing temperatures with height above 
the ground. Mist or fog may indicate the presence of an inversion in humid areas. The 
applicator may detect the presence of an inversion by producing smoke and observing a 
smoke layer near the ground surface. 

For ground boom applications, apply spray at lowest height that is consistent with pest 
control objectives to minimize drift. 

5.17.2.2.3.2   Terrestrial Organisms 
Terrestrial organisms could be exposed to chemicals from direct spray, ingestion of 

contaminated materials (vegetation, prey species, soil, or water), grooming activities, or by indirect 
contact with contaminated vegetation. The greatest exposure to chemicals for terrestrial 
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vertebrates is most likely to occur from consumption of contaminated vegetation or insects. The 
greatest exposure for terrestrial invertebrates is by direct spray or by indirect contact with 
contaminated vegetation. 

The highest exposure level for non-target terrestrial plants will be from direct spraying within 
the treatment area. Direct spraying will result in an exposure level equivalent to the application 
rate. Off-site drift is also a significant route of exposure, but spray drift will decrease with increasing 
distance from the boundaries of treatment areas. 

Exposures of soil organisms to a pesticide are typically based on the Gleams-Driver modeling 
and/or available monitoring data. Exposures to terrestrial plants are estimated both as 
concentrations in soil and direct foliar contamination either from direct spray or drift. For some 
species of terrestrial animals (typically insects), standard toxicity studies may report units that are 
not readily converted to mg agent/kg body weight. For example, some contact toxicity studies 
express exposure only in mass of agent per unit surface area – e.g., lb/acre or mg/m2. In such a case, 
some dose-response assessments may be based on units of mass of agent per unit surface area and 
the exposure assessment is simply expressed as the application rate, or some fraction of the 
application rate to account for drift. In other cases, such as honeybees, body weight data may be 
used to convert exposures in mg/organism to mg/kg bw.  

As stated in SERA 2012 (p. 85): 

Estimates of oral exposure are expressed in the same units as the available toxicity data. 
As in the human health risk assessment, these units are usually expressed as mg of agent per 
kg of body weight and abbreviated as mg/kg for terrestrial animals. For dermal exposures to 
terrestrial animals, the units of measure usually are expressed in mg of agent per cm2 of 
surface area of the organism and abbreviated as mg/cm2. In estimating dose, however, a 
distinction is made between the exposure dose and the absorbed dose. The exposure dose is 
the amount of material on the organism (i.e., the product of the residue level in mg/cm2 and 
the amount of surface area exposed), which can be expressed either as mg/organism or 
mg/kg body weight. The absorbed dose is the proportion of the exposure dose that is actually 
taken in or absorbed by the animal. 

For any given type of exposure, small animals (and insects) will generally receive a higher dose 
(mg/kg body weight) relative to larger animals due to the relationship between body weight to 
surface area and to the amount of food and water consumed relative to size. Mammals of five sizes 
are considered: small- (20 g) and medium-sized (400 g) omnivores, a 5 kg canid, a 70 kg herbivore, 
and a 70 kg carnivore while birds of four standard sizes are considered: a 10 g passerine, a 640 g 
predatory bird, a 2.4 kg piscivorous bird, and a 4 kg herbivorous bird. Because of dietary differences, 
all of the mammals and birds are not considered in all of the exposure scenarios, since, for instance, 
predatory birds don’t eat vegetation.  

As toxicity data are not generally available on reptiles or terrestrial-phase amphibians, exposure 
assessments are typically not developed. When toxicity data are available, custom exposure 
scenarios are developed. 
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5.17.2.2.3.2.1   Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
Exposure assessments for terrestrial mammals, birds, reptiles, and amphibians (terrestrial 

phase) are typically done for direct spray, dermal contact with contaminated vegetation, ingestion 
of contaminated vegetation or prey, ingestion of contaminated water, and ingestion of 
contaminated fish. 

Direct Spray - This scenario is similar to the accidental exposure scenarios for the general 
public, involving exposure to direct spray. The amount of chemical absorbed depends on the 
application rate, the surface area of the organism, and the rate of absorption.  

For foliar applications, two direct spray scenarios are conducted. The first scenario is the direct 
spray of half of the body surface of a 20 g mammal. This exposure assessment assumes first-order 
dermal absorption. The second scenario assumes complete absorption during the first day of 
exposure. This assessment is included so as to encompass increased exposures due to grooming. 

There are substantial uncertainties associated with all direct spray scenarios. For example, first-
order dermal absorption estimates do not consider losses of applied herbicides from the surface of 
the animal and may overestimate the absorbed dose. Birds, mammals, and other animals may 
groom frequently and such grooming may contribute to the total absorbed dose by direct ingestion 
of any herbicide on fur or feathers. Amphibians and some other vertebrates may have skin that is 
much more permeable than the skin of most mammals. When data are available on dermal 
absorption and toxicity in amphibians, direct spray scenarios may be developed in risk assessments 
involving foliar applications.  

Direct spray scenarios are not generally given for large mammals as allometric relationships 
dictate that they will be exposed to lesser amounts of a herbicide than smaller mammals. Direct 
spray scenarios may be given when toxicity data indicate that large mammals are more sensitive 
than small mammals.  

Dermal Contact with Contaminated Vegetation - To estimate the potential effect of indirect 
dermal contact with a herbicide, a relationship is assumed between the application rate and 
dislodgeable foliar residue. However, rates of transfer of herbicides from foliage to organisms are 
unavailable for wildlife species. Wildlife are likely to be in contact with contaminated vegetation for 
longer periods than humans, so it is reasonable to assume that an equilibrium is reached between 
levels on the skin, rates of absorption, and levels on contaminated vegetation. Assuming this, the 
absorbed dose resulting from contact with contaminated vegetation might be on the order of one-
tenth (10%) that associated with comparable direct spray scenarios. Because this assumption is 
speculative, it is not generally used to quantify exposures in the risk assessments. The potential for 
effects from contact with contaminated vegetation is only addressed qualitatively. For most 
herbicides this adds relatively little uncertainty to the risk assessment, because the dominant route 
of exposure will be the consumption of contaminated vegetation, which is addressed in the 
following scenario. Therefore, dermal contact with contaminated vegetation will not be addressed 
in the chemical-specific section below.  

Ingestion of Contaminated Vegetation or Prey - Exposure assessments for the consumption of 
contaminated vegetation are developed for small- and medium-sized omnivores, a canid, a 
herbivore, a passerine bird, a piscivorous bird, and a herbivorous bird, but not for a large 
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carnivorous mammal or a predatory bird, as they are primarily meat eaters. Both acute and chronic 
exposure scenarios are developed for the consumption of contaminated fruit and the consumption 
of short grass. Fruit and short grass are selected so as to encompass the range of plausible 
concentrations of herbicide residues in vegetation, with fruit having the lowest concentration and 
short grass the highest. 

For both the acute and chronic exposure scenarios it is assumed that 100% of the diet is 
contaminated. For some acute exposures this may not be a realistic assumption and is probably 
unlikely in chronic exposures, as animals may feed only sporadically in treated areas. Rather than 
incorporating into the exposure assessment arbitrary adjustments in the proportion of the diet that 
is contaminated, the impact of variations is discussed further in the risk characterization section, 
because the proportion of the diet that is contaminated is linearly related to the resulting Hazard 
Quotients (HQs). 

Allometric relationships of the estimated food consumption rates by various species of 
mammals and birds are based on field metabolic rates (kcal/day) and account for much of the 
variability in food consumption among mammals and birds. Estimates of field metabolic rates are 
used to calculate food consumption based on the caloric value (kcal/day dry weight) of the food 
items considered in risk assessments and estimates of the water content of the various foods. 
Residual variability is remarkably constant among different groups of organism. Estimates from the 
allometric relationships may differ from actual field metabolic rates by approximately ±70%. In all 
worksheets involving the use of the allometric equations for field metabolic rates, the lower bound 
is taken as 30% of the estimate and the upper bound is taken as 170% of the estimate. 

Exposure scenarios similar to those for the consumption of contaminated vegetation are 
provided for the consumption of small mammals by either a predatory mammal or a predatory bird 
as well as for the consumption of contaminated insects by a small mammal, a medium-sized 
mammal, and a small bird. 

As stated in SERA 2012 (p. 89), “For aquatic applications, the consumption of contaminated 
vegetation is not typically considered. For soil treatments, the consumption of contaminated 
vegetation may be considered if compound-specific data are available on the relationship between 
concentrations of the pesticide in soil and the resulting concentration of the pesticide in plants.” 

Ingestion of Contaminated Water - Both the human health and the ecological effects risk 
assessments use the same methods for estimating concentrations of herbicides in water, with a 
major difference that the estimates of exposure for the ecological effects risk assessment involves 
the weight of the animal and the amount of water consumed. Water consumption rates are well 
characterized in terrestrial vertebrates and are based on allometric relationships in mammals and 
birds. Based on these estimates, exposure scenarios involving the consumption of contaminated 
water are developed for mammals and birds for accidental spills, expected peak concentrations, and 
expected longer-term concentrations. For both acute and chronic exposures, for the chemicals 
analyzed in this PEIR, ingestion of contaminated water leads to dose estimates far below those 
associated with consumption of contaminated vegetation. This is a common pattern following 
terrestrial application of many herbicides and reflects the direct application of the herbicides to 
vegetation. 
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Along with many other factors, water consumption in birds and mammals varies substantially 
with diet and season, but there are no well-documented quantitative estimates of this variability. 
Therefore, the variability in water consumption rates is not considered in the exposure assessments. 
For both acute and chronic exposures to herbicides, the upper and lower bound estimates of 
concentrations in surface water typically vary substantially. Therefore, quantitative consideration of 
the variability in water consumption rates would not typically have a substantial impact on the risk 
characterization.  

As stated in (USDA/FS 2006a, p. 4-17): 

Unlike the human health risk assessment, estimates of the variability of water 
consumption are not available. Thus, for the acute scenario, the only factors affecting the 
estimate of the ingested dose include the field dilution rates (i.e., the concentration of the 
chemical in the solution that is spilled) and the amount of solution that is spilled. As in the 
acute exposure scenario for the human health risk assessment, the amount of the spilled 
solution is taken as 200 gallons for liquid formulations. In the exposure scenario involving 
contaminated ponds or streams due to contamination by runoff or percolation, the factors 
that affect the variability are the water contamination rate, (see Section 3.2.3.4.2) and the 
application rate.  

Ingestion of Contaminated Fish - Since the consumption of contaminated fish by species that 
eat fish is a viable route of exposure to herbicides, sets of exposure scenarios are developed for an 
accidental spill, expected peak exposures, and estimated longer-term concentrations. These 
exposure scenarios are applied to a 5 kg canid, a 70 kg carnivorous mammal (typified by a black 
bear), and a piscivorous bird. 

Herbicides exposures from the consumption of contaminated fish are dependent on both the 
concentration of the herbicide in water and the bioconcentration factor for the herbicide. The 
concentrations of herbicides in water are the same as used in the scenarios for ingestion of 
contaminated water. Bioconcentration factors for wildlife are usually based on whole-body 
bioconcentration factors in fish, under the assumption that mammalian or avian predators will 
typically consume the entire fish. If chemical and species-specific data indicate that this is not the 
case, alternative custom exposure scenarios may be developed. 

5.17.2.2.3.2.2   Terrestrial Invertebrates 
Exposure assessments for terrestrial invertebrates are typically done for direct spray and drift, 

ingestion of contaminated vegetation or prey, contact with contaminated soil, and honeybees 
foraging for nectar. 

Direct Spray and Drift - Honeybees are typically used as a surrogate for other terrestrial insects. 
Exposure levels from broadcast applications are modeled based on the herbicide application rate 
and the surface area of the bee (1.42 cm2 for a bee with a body length of 1.44 cm). Doses in units of 
mg/bee are converted to units of mg/kg bw, with a typical mean body weight for worker bees of 
116 mg. 

Honeybee exposure to a herbicide during or shortly after application depends on how close the 
bee is to the application site and how much of the herbicide is intercepted by foliage prior to 
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deposition on the bee. AgDRIFT is used to estimate the proportion of the nominal application rate 
deposited at various distances (0 to 900 feet) downwind from the treated site. The impact of foliar 
interception varies according to the nature of the vegetative canopy. Foliar interception rates of 0% 
(no interception), 50%, and 90% are used in the exposure assessment. 

Broadcast applications of a herbicide will most likely expose other terrestrial invertebrates to 
direct spray. If toxicity data on other terrestrial invertebrates is available and supports a dose-
response assessment, an exposure scenario may be elaborated. 

Ingestion of Contaminated Vegetation or Prey - Terrestrial invertebrates may be exposed to 
foliar applications of herbicides by consuming contaminated vegetation or prey. Estimated residue 
rates (mg/kg residues per lb applied) are calculated for contaminated vegetation or prey. 

An estimate of food consumption by a foraging herbivorous insect is required to calculate a 
dose level. But since food consumption varies greatly, depending on the caloric requirements in a 
given life stage or activity and the caloric value of the food to be consumed, the derivation of 
consumption values for specific species, life stages, activities, and food items is beyond the scope of 
the current analysis. However, based on studies on food consumption patterns of various insects, 
the risk assessments will typically use food consumption factors of 1.3 (0.6 to 2.2) kg food /kg bw. 

Contact with Contaminated Soil - Some herbicides may be broadcast applied to soil, in which 
case soil concentrations from Gleams-Driver and/or monitoring data are used directly in the 
exposure assessment. For some herbicides, earthworm subchronic toxicity tests are available. There 
may also be field studies or other studies that provide toxicity data on terrestrial invertebrates that 
are based on soil exposures. 

Honeybees Foraging for Nectar – U.S. Forest Service risk assessments develop an exposure 
assessment on honeybees foraging for nectar, if sufficient data are available. This is generally done 
only when information on the concentration of the pesticide in nectar is available or can be 
reasonably estimated. Exposure assessments are generally limited only to nectar foragers, because 
this is the subgroup estimated to be exposed to the highest doses. None of the chemicals analyzed 
in this PEIR have sufficient data on the concentration of the chemical in pollen or nectar to support 
the development of an exposure assessment. 

The basis of the exposure assessments is the sugar demand of the honeybee. Studies have 
found that the concentration of pesticides per unit of sugar in nectar are sometimes greater than in 
honey, despite honey having more sugar than nectar. If this is generally true, exposure assessments 
based on nectar consumption could overestimate pesticide exposure from honey residue.  

5.17.2.2.3.2.3   Terrestrial Plants 
Exposure assessments for terrestrial plants are typically done for direct spray, spray drift, 

runoff, wind erosion and the use of contaminated irrigation water. 

Direct Spray - Direct spray will result in an exposure level equivalent to the application rate. 
Direct spray of non-target plants immediately adjacent to the application site is modeled in the 
worksheets that assess off-site drift.  
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Off-Site Drift - Off-site drift depends primarily on spray droplet size and meteorological 
conditions rather than specific properties of the compound being sprayed. Estimates of off-site drift 
are modeled using AgDRIFT and are summarized for foliar applications. Custom worksheets may be 
used to assess ground broadcast and backpack applications.  

As stated in SERA 2012 (p. 94): 

The drift estimates used in the current risk assessment are based on AgDRIFT (Teske et 
al., 2002) using Tier 1 analyses for aerial and ground broadcast applications. The term Tier 1 
is used to designate relatively generic and simple assessments that may be viewed as 
plausible upper limits of drift. Aerial drift estimates are based on Tier 1 using ASAE Fine to 
Medium drop size distributions. Tier 1 estimates of drift for ground broadcast applications 
are modeled using both low boom and high boom options in AgDRIFT. For both types of 
applications, the values are based on Very Fine to Fine drop size distributions and the 90th 
percentile values from AgDRIFT.  

Drift associated with backpack applications (directed foliar applications) are likely to be 
much less than drift from ground broadcast applications. Few studies, however, are available 
for quantitatively assessing drift after backpack applications. For the current risk assessment, 
estimates of drift from backpack applications are based on an AgDRIFT Tier 1 run of a low 
boom ground application using Fine to Medium/Coarse drop size distributions (rather than 
very fine to fine) as well as 50th percentile estimates of drift (rather than the 90th percentile 
used for ground broadcast applications).  

The values for drift used in generic (i.e., not site-specific) risk assessments should be 
regarded as little more than generic estimates similar to the water concentrations modeled 
using GLEAMS (Section 3.2.3.4.3). Actual drift will vary according to a number of conditions—
e.g., the topography, soils, weather, and the pesticide formulation. All of these factors cannot 
be considered in generic risk assessments.  

Typical backpack ground spray droplet sizes are greater than 100 μ and the distance from the 
spray nozzle to the ground is 3 feet or less. Mechanical sprays may use raindrop nozzles that 
generate droplets that are usually greater than 400 μ, with a maximum distance above the ground 
of about 6 feet. In both cases, the sprays are directed downward. 

For most applications, the wind velocity will be no more than 5 mph (~7.5 feet/second). 
Assuming a wind direction perpendicular to the line of application, 100 μ particles falling from 3 feet 
above the surface could drift as far as 23 feet. A raindrop or 400 μ particle applied at 6 feet above 
the surface could drift about 3 feet. 

For backpack applications, wind speeds of up to 15 mph are allowed in U.S. Forest Service 
programs and this standard is likely to apply to the Proposed Program and Alternatives as well. At 
this wind speed, a 100 μ droplet can drift as far as 68 feet. Smaller droplets will drift further, so the 
proportion of this size particle in the spray as well as the wind speed and turbulence will affect the 
proportion of the applied herbicide that drifts off-site. 

Runoff and Soil Mobility - Herbicides can be transported off-site from the soil by runoff, 
sediment loss, or percolation, so these are considered in estimating contamination of ambient 
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water. Only runoff and sediment loss are considered in assessing contamination of off-site soil that 
might affect plants. Percolation is not considered in this case as it represents the amount of 
herbicide that is transported below the root zone. While it may impact water quality, it will likely 
not affect off-site vegetation. Runoff estimates are modeled using GLEAMS for clay, loam, and sand 
at nine sites that are representative of different temperatures and rainfall patterns. 

When results from a runoff study of sulfometuron methyl were compared with GLEAMS 
modeling predictions, GLEAMS under-predicted runoff, in some cases by a factor of more than 30. 
The greatest discrepancies were apparent for heavy rainfall events. These discrepancies are likely 
attributable to the 1-day time step used by GLEAMS, which fails to account for rapid water and 
herbicide movement during short-term but intense rainfall events. In any case, if herbicides are 
applied during or shortly before heavy rainfall events, concentrations in runoff of some herbicides 
could reach levels toxic to sensitive plant species. 

Contaminated Irrigation Water - This scenario is unlikely to occur with potential herbicide 
application under this PEIR and the Alternatives, as applications will primarily be to non-irrigated 
rangelands and forests. Levels of exposure will depend on the amount of irrigation water used and 
the herbicide concentration in the ambient water used for irrigation, based on the peak 
concentrations modeled in the human health risk assessment. 

The selection of an irrigation rate is somewhat arbitrary and depends on the climate, soil type, 
topography, and plant species under cultivation. The application of 1 inch of irrigation water with a 
range of 0.25 to 2 inches is used in U.S. Forest Service risk assessments. 

The product labels for some herbicides may note that water contaminated with the herbicide 
should not be used for irrigation. In these cases the standard exposure scenario is included in the 
risk assessment with a comment indicating that it is not relevant except to evaluate the 
consequences of disregarding the labeled use restrictions.  

Wind Erosion - Wind erosion can be a major mechanism for off-site movement of herbicides 
and is highly site-specific. The amount of herbicide that might be transported depends on several 
factors, including application rate, depth of incorporation into the soil, persistence in the soil, wind 
speed, and topographical and surface conditions of the soil. It is unlikely that herbicide transport 
would be substantial with relatively deep (4 inches) soil incorporation, low wind speed, and surface 
conditions which inhibit wind erosion.  

As stated in SERA 2012 (p. 94): 

For Forest Service risk assessments, the potential effects of wind erosion are estimated in 
Worksheet G06b. In this worksheet, it is assumed that the pesticide is incorporated at a 
depth that is identical to the depth of incorporation used in Gleams-Driver modeling, typically 
1 cm. Average soil losses are estimated to range from 1 to 10 tons/ha/year with a typical 
value of 5 tons/ha/year. These estimates are based on the results of agricultural field studies 
which found that wind erosion may account for annual soil losses ranging from 2 to 6.5 
metric tons/ha (Allen and Fryrear 1977).  

As noted in Worksheet G07b, the use of the above values typically results in estimates of 
offsite losses at about 0.014% of the application rate. Larney et al., (1999), however, report 
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that wind erosion of other herbicides could be associated with losses up to 1.5% of the 
nominal application rate following soil incorporation or 4.5% following surface application. 
This difference appears to be a due to the much higher soil losses noted by Larney et al., 
(1999)—i.e., up to 56.6 metric tons/ha from a fallow field. The losses reflected in Worksheet 
G06b may be somewhat more realistic for forest or rangeland applications, because 
herbicide applications are rarely made to fallow areas. In any event, the higher offsite losses 
reported by Larney et al., (1999) are generally comparable to exposures associated with 
offsite drift at distances of about 50 feet from the application site following low boom (0.017) 
and high boom (0.05) ground broadcast applications (Worksheet G05). All of the estimates 
for wind erosion and offsite drift are likely to vary dramatically according to site conditions 
and weather conditions.  

Volatilization - Volatilization may be an important route of exposure to some herbicides for off-
site, non-target plants. As general methods for estimating exposures from volatilization have not 
been developed, this section is included only when the chemical-specific information is adequate to 
support both an exposure assessment and a dose-response assessment. None of the chemicals 
analyzed in this PEIR have such chemical-specific information, so no exposure scenarios have been 
developed. 

5.17.2.2.3.3    Aquatic Organisms 
Aquatic organisms could be exposed from direct spray, ingestion of contaminated materials 

(aquatic vegetation, prey species, or water), or by indirect contact with contaminated vegetation or 
water. 

The greatest exposure for aquatic organisms is most likely to occur following an accidental 
chemical spill directly into a water body. The exposure assessment is based on the concentrations of 
the pesticide in surface water that are used in the exposure assessment for terrestrial vertebrates, 
which is in turn equivalent to the concentrations used in the human health risk assessment. 

5.17.2.2.3.4    Chemical-Specific Exposure Assessments 
2,4-D (Sources: FS WSM ver. 6.00.10; USDA/FS 2006a) 

Exposure values for the scenarios displayed below are summarized in the “G” series 
Worksheets in FS WSM ver. 6.00.10: for mammals (G01a) and birds (G01b). For the analysis in this 
PEIR, all exposure values for 2,4-D acid, salts, and esters have been computed for the typical 
application rate of 1 lb. a.e./acre. 

By far the highest short-term acute exposures to 2,4-D are associated with the consumption of 
contaminated grass by a small mammal (691 mg/kg bw/event) and a small bird (1,710 mg a.e./kg 
bw/event). The corresponding maximum chronic exposures are 97.4 mg/kg bw/day for a small 
mammal and 241 mg a.e./kg bw/day for a small bird. For both acute and chronic exposures, 
consumption of contaminated water leads to dose estimates far below those associated with 
consumption of contaminated vegetation. This pattern is common in many herbicide exposure 
assessments, reflecting the consequences of direct applications to vegetation. 

Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
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For terrestrial organisms, the highest level of exposure to 2,4-D will be for non-accidental acute 
exposures at the upper bound at the highest application rate of 4 lbs./acre and will usually result 
from consuming contaminated vegetation or insects. Other routes of exposure, such as direct spray 
or consumption of contaminated water, lead to lower levels of exposure. Exposure levels are far 
lower for chronic exposure scenarios than for non-accidental exposure scenarios, reflecting the 
dissipation, dilution, and breakdown of chemicals over time. The same relationships found for non-
accidental acute exposures between exposure pathways and levels of exposure apply. 

In non-accidental acute exposure scenarios, the highest estimated dose for mammals is 691 
mg/kg bw/day, for the consumption of contaminated short grass by a small mammal. The highest 
estimated dose for birds is 1,710 mg/kg bw/day, for the consumption of contaminated short grass 
by a small bird. By comparison, for chronic exposures by the same routes of exposure, doses are 
estimated at 97.4 mg/kg bw/day for a small mammal and 241mg/kg bw/day for a small bird. 

Higher estimated daily doses are associated with scenarios involving consumption of 
contaminated vegetation, which are based on highly conservative assumptions (e.g., 100% of the 
diet is contaminated). Less conservative but more plausible exposure assessments lead to much 
lower dose estimates. 

Multi-route exposures to 2,4-D are likely and numerous exposure assessments could be 
developed to account for the various combinations. However, no multi-route assessments are 
developed, since the predominant route of plausible exposure is the consumption of contaminated 
vegetation by herbivores or the consumption of prey by predators. Considerations of multiple 
routes of exposure would have no impact on the characterization of risk. 

Direct Spray – At the typical application rate, accidental acute exposure scenarios lead to upper 
bound estimates of exposure for mammals ranging from 1.13 mg/kg/event (first-order absorption 
of direct spray by a small mammal) to 48.5 mg/kg/event (100% absorption of direct spray by a small 
mammal). For birds, no exposure scenarios for direct spray are developed, as it is assumed that 
most birds will fly away during herbicide applications. 

Ingestion of Contaminated Vegetation or Prey - At the typical application rate, non-accidental 
acute exposure scenarios lead to upper bound estimates of exposure for mammals ranging from 
4.62 mg/kg/event (consumption of a small mammal by a canid) to 691 mg/kg/event (consumption 
of grass by a small mammal). For birds, estimates of exposure range from 5.49 mg/kg/event 
(consumption of a small mammal by a carnivorous bird) to 1,710 mg/kg/event (consumption of 
short grass by a small bird).  

Chronic exposure scenarios lead to upper bound estimates of exposure for mammals ranging 
from 1.06 mg/kg/day (consumption of fruit by a large mammal) to 97.4 mg/kg/day (consumption of 
short grass by a small mammal). For birds, estimates of exposure range from 2.03 mg/kg/day 
(consumption of fruit by a large bird) to 241 mg/kg/day (consumption of short grass by a small bird). 

Ingestion of Contaminated Water - The only major differences in the estimates of 2,4-D 
concentrations in water from those used in the human health risk assessment are due to the weight 
of the animal and the amount of water consumed. At the typical application rate of 2,4-D acid, salts, 
and esters, accidental acute exposure scenarios for consumption of contaminated water lead to 
upper bound estimates of exposure for mammals ranging from 1.18 mg/kg/event (large mammal) 
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to 2.66 mg/kg/event (small mammal). For birds, estimates of exposure range from 0.678 
mg/kg/event (large bird) to 4.9 mg/kg/event (small bird). 

Scenarios of non-accidental acute exposure and chronic exposure(latter values in parentheses) 
to 2,4-D acid and salts for consumption of contaminated water lead to upper bound estimates of 
exposure for mammals ranging from 0.0285 (0.000214) mg/kg/event(day) (large mammal) to 
0.0644 (0.000483) mg/kg/event(day) (small mammal). For birds, estimates of exposure range from 
0.0164 (0.000123) mg/kg/event(day) (large bird) to 0.119 (0.00089) mg/kg/event(day) (small bird). 

Exposure values are lower for 2,4-D esters in non-accidental acute exposure and chronic 
exposure(latter values in parentheses) scenarios for consumption of contaminated water. Upper 
bound estimates of exposure for mammals range from 0.0129 (0.000214) mg/kg/event(day) (large 
mammal) to 0.0293 (0.000483) mg/kg/event(day) (small mammal). For birds, estimates of exposure 
range from 0.0164 (0.000123) mg/kg/event(day) (large bird) to 0.119 (0.00089) mg/kg/event(day) 
(small bird). 

Ingestion of Contaminated Fish - Ambient water and fish are exposure pathways for 2,4-D. As 
2,4-D has a low potential to bioconcentrate in fish, the bioconcentration factor for fish is taken as 
1.0 L/kg for chronic exposure scenarios. 

At the typical application rate of 2,4-D acid, salts, and esters, accidental acute exposure 
scenarios for consumption of contaminated fish lead to upper bound estimates of exposure for 
mammals ranging from 3.05 mg/kg/event (large mammalian carnivore) to 4.38 mg/kg/event (canid). 
For birds, the estimated exposure of a fish-eating bird is 5.09 mg/kg/event. Non-accidental acute 
exposure scenarios lead to upper bound estimates of exposure for mammals ranging from 0.0738 
mg/kg/event (large mammalian carnivore) to 0.106 mg/kg/event (canid). For birds, the estimated 
exposure of a fish-eating bird is 0.123 mg/kg/event. Chronic exposure scenarios lead to upper 
bound estimates of exposure for mammals ranging from 0.000553 mg/kg/day (large mammalian 
carnivore) to 0.000796 mg/kg/day (canid). For birds, the estimated exposure of a fish-eating bird is 
0.000925 mg/kg/day. 

Terrestrial Invertebrates 
As stated in USDA/FS 2006a, p. 4-20: “As discussed in Section 3.2.3.4.3, GLEAMS models 2,4-D 

concentrations in soil as well as estimates off-site movement (runoff, sediment, and percolation). 
Based on the GLEAMS modeling, concentrations in clay, loam, and sand over a wide range of rainfall 
rates are summarized in Table 4-9 for the top 60 inches of soil and Table 4-10 for the top 1 foot of 
soil.” 

Peak concentrations of 2,4-D in the top 1 foot of soil range from about 0.11 to 0.17 ppm at an 
application rate of 1 lb/acre. As the rate of rainfall increases, maximum and average soil 
concentrations are substantially reduced in sand and, to a lesser extent, in loam because of losses 
through percolation. The potential consequences of such exposures for soil invertebrates and soil 
microorganisms are discussed in Section 5.17.2.2.4, Risk Characterization. 

Terrestrial Plants (Macrophytes) 
Direct Spray and Off-Site Drift - Unintended direct spray will result in an exposure level 

equivalent to the application rate. Estimates of off-site drift for broadcast ground applications of 
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2,4-D are calculated in the SERA risk assessment. At the typical application rate of 1 lb. a.e./acre, 
drift is estimated to result in concentrations of 2,4-D of 0.035 lb./acre 25 feet from the application 
site to 0.00948 lb./acre 100 feet from the application site. The furthest distance away from the 
application site where the concentration of 2,4-D in drift is of concern for damage to non-target, 
sensitive plant species is 25 feet. A summary of both the exposure assessment and risk 
characterization for terrestrial plants from direct spray and off-site drift is in Worksheet G05 in FS 
WSM ver. 6.00.10. 

Runoff and Soil Mobility – Runoff of minor amounts of 2,4-D acid and salts following broadcast 
applications, at the typical application rate of 1 lb. a.e./acre, is estimated to begin occurring on clay 
soils at an annual rainfall rate of 15 inches (50 inches on loams and >250 inches on sand). Runoff is 
estimated to result in concentrations of 2,4-D of 0.0147 lb. a.e./acre at 15 inches of rain to 0.0511 
lb. a.e./acre at 25 inches, the annual rainfall rate where toxicity to non-target, sensitive plant 
species becomes problematic. Concentrations of 2,4-D esters will become problematic to non-
target, sensitive plant species at 100 inches of annual rainfall, when 0.312 lb. a.e./acre of applied 
2,4-D esters will run off from clay soils. Runoff from loam and sand soils is considerably less due to 
degradation in arid conditions and percolation in humid conditions. A summary of both the 
exposure assessment and risk characterization for terrestrial plants from runoff is in Worksheet G04 
in FS WSM ver. 6.00.10. 

Based on the GLEAMS modeling, 2,4-D may penetrate to about 18 inches in clay. In loam or 
sand, detectable residues penetrated to 60 inches. Because the GLEAMS modeling used a 60-inch 
root zone, the actual penetration in loam or sand could be greater than 60 inches. At 15 inches of 
annual rainfall, 2,4-D penetrated 12 inches in clay, 18 inches in loam, and 30 inches in sand. At 100 
inches of annual rainfall, 2,4-D penetrated 18inches in clay, 54 inches in loam, and 60 inches in sand 

Contaminated Irrigation Water – Except for spray drift of 2,4-D esters, 2,4-D is not particularly 
mobile, so contamination of ambient water is unlikely. Based on the estimated concentrations of 
2,4-D acid and salts in ambient water at the typical application rate of 1 lb. a.e./acre, the estimated 
functional application rate of 2,4-D acid and salts to the irrigated area is 0.0045 lb. a.e./acre 
(0.00091 for esters) at an irrigation rate of 1 inch per day and 0.1994 lb. a.e./acre (0.0906 for esters) 
at an irrigation rate of 2 inches per day. Relative to off-site drift and runoff, this level of exposure is 
inconsequential, for an irrigation rate of 1 inch per day. A summary of both the exposure 
assessment and risk characterization for terrestrial plants from contaminated irrigation water is in 
Worksheet G06a in FS WSM ver. 6.00.10. 

Wind Erosion - Although no specific incidents of non-target damage from wind erosion have 
been encountered in the literature for 2,4-D, this mechanism has been associated with the 
environmental transport of other herbicides. Wind erosion of minor amounts of 2,4-D acid and salts 
following broadcast applications, at the typical application rate of 1 lb. a.e./acre, is estimated to 
result in concentrations of 2,4-D acid, salts, and esters of 0.0000685 lb. a.e./acre at the central 
bound to 0.000137 lb. a.e./acre at the upper bound. Relative to off-site drift and runoff, this level of 
exposure is inconsequential and well below a LOC for non-target, sensitive plant species. A summary 
of both the exposure assessment and risk characterization for terrestrial plants from wind erosion is 
in Worksheet G06b in FS WSM ver. 6.00.10. 
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Aquatic Organisms 
The following summary is from the “Exposure Assessment Overview” for 2,4-D (USDA/FS 2006a, 

p. 4-14): “For 2,4-D acid and salts, the potential for effects on aquatic species is based on estimated 
concentrations of 2,4-D in water that are identical to those used in the human health risk 
assessment without additional elaboration. For 2,4-D esters, separate GLEAMS simulations were 
conducted to estimate peak concentrations of 2,4-D esters in water.”  This was necessary, as 2,4-D 
esters do not persist in surface water (or soil), so the peak concentrations are likely to be lower than 
those of the salts. Separate estimates for 2,4-D esters are necessary for acute exposures because of 
the much higher toxicity of 2,4-D esters to aquatic species. 

Worksheet B04a in FS WSM ver. 6.00.10 shows the expected concentrations of 2,4-D in surface 
water for both acids/salts and esters. These are displayed as short-term peak Water Contamination 
Rates (WCR) and longer-term average WCRs, at the central, lower, and upper bounds at any given 
application rate. They are also displayed as short-term peak Expected Environmental 
Concentrations (EECs) and longer-term average EECs, at the central, lower, and upper bounds at any 
given application rate. 

As noted in Worksheet B04a in FS WSM ver. 6.00.10: “The values listed in this worksheet 
represent concentrations in surface water that are or could be expected in the normal use of 
pesticide. Thus, while the upper bounds may be considered extreme in that they involve conservative 
assumptions, these concentrations do not represent "accidental" or "implausible" estimates. Thus 
the term Expected Environmental Concentration. Estimates of concentrations in surface water 
associated with accidental scenarios are covered in other worksheets, typically D08a,b and D10a,b.” 

At the typical application rate of 1 lb a.e./acre, the peak estimated rate of contamination of 
ambient water associated with the normal application of 2,4-D acid and salts is 0.221 (0.002 to 0.44) 
mg a.e./L (average 0.10 for esters), while the average estimated rate of contamination for longer-
term exposures to 2,4-D acid, salts, and esters is 0.00166 (0.00002 to 0.0033) mg a.e./L. 

For 2,4-D, a summary of accidental spill, peak EEC, and chronic exposure scenarios (and HQs) 
for aquatic species at the central, lower, and upper bounds at any given application rate is displayed 
in Worksheet G03 in FS WSM ver. 6.00.10. 

Borax (Sources: FS WSM ver. 6.00.10; SERA 2006a) 
Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 

As stated in the Overview in SERA 2006a, p 4-8: 

As discussed in Section 3.2, Sporax is applied directly to the surfaces of freshly cut tree 
stumps. Sporax is not applied using backpack, broadcast or aerial spray methods and it is not 
applied directly to vegetation. Therefore, many of the standard exposure scenarios that are 
typically considered for Forest Service risk assessments, such as direct spray, oral exposure 
via ingestion of contaminated prey or vegetation, are not applicable for this risk assessment. 
The exposure scenarios used in this risk assessment are those expected to result in 
substantial exposure considering the atypical application method for Sporax. 
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For terrestrial vertebrates, two exposure scenarios are considered for this risk 
assessment: acute exposure via consumption of Sporax applied to tree stumps, and acute as 
well as chronic exposure via exposure to contaminated pond water. 

Ingestion of Sporax from Tree Stumps – A field study found that deer licked borax (Sporax) 
applied to the surface of tree stumps, but also licked the surface of untreated stumps. Therefore, it 
is unclear whether Sporax attracts deer. But the study suggests that the consumption of Sporax 
from treated stumps is a plausible exposure scenario for deer and perhaps other species.  

As little information is available to estimate the amount of Sporax that terrestrial mammals or 
birds are likely to consume from tree stumps, exposures developed for this scenario are highly 
uncertain. For large (70 kg) mammals, such as a deer, exposure is based on the underlying 
assumption that a deer might consume all of the Sporax applied to a tree stump that is 1 foot in 
diameter, with amounts consumed estimated as 40 mg (lower bound), 242 mg (central bound), and 
807 mg (upper bound). Although direct consumption of Sporax from a stump by a large (4 kg) bird, 
such as a goose or heron, is implausible, as they typically consume either vegetation or fish, a 
similar scenario is developed for a Canada goose. For smaller species, it seems less plausible that 
the animal would consume all of the Sporax on a treated stump. The body weights that are used are 
20 grams for a small mammal and 10 grams for a small bird. 

For small mammals and birds, exposure values for acute exposure via consumption of Sporax 
applied to a tree stump are essentially identical, as follow: 0.0056 mg B/kg/event (lower bound), 
0.011 mg B/kg/event (central bound), and 0.011 mg B/kg/event (upper bound). For large mammals 
and birds, exposure values for the same scenario are also essentially identical, as follow: 0.575 mg 
B/kg/event (lower bound), 3.43 mg B/kg/event (central bound), and 11.5 mg B/kg/event (upper 
bound). A summary of exposure assessments for terrestrial animals is displayed in Worksheet G01 
in FS WSM ver. 6.00.10. 

Ingestion of Contaminated Water – After application of granular Sporax to tree stumps, runoff 
from rainfall could contaminate standing water or streams. Accidental spills of Sporax could also 
contaminate a small body of water. Exposure assessments are developed for terrestrial animals for 
both of these scenarios. However, the use of Sporax in stump treatments is not likely to have a 
substantial affect on concentrations of boron in ambient water, so this is not considered a relevant 
scenario (Worksheet G01 in FS WSM ver. 6.00.10). For chronic exposures of a small mammal by 
consuming water contaminated by runoff, exposure values are 0.00146 mg B/kg/day (lower bound), 
0.0102 mg B/kg/day (central bound), and 0.0512 mg B/kg/day (upper bound). 

Terrestrial Invertebrates 
There is no information in SERA or USDA/FS risk assessments on exposure of terrestrial 

invertebrates to borax. Since Sporax is not applied as a spray, wide-spread exposure of insects is not 
expected. 

Terrestrial Plants (Macrophytes) 
As stated in the Overview in SERA 2006a, p 4-8: “Since Sporax is not applied to vegetation, the 

only exposure scenario considered for terrestrial macrophytes is exposure to boron that reaches soil 
via runoff. Based on the results of GLEAMS modeling, peak concentrations of boron in soil range 
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from 0.0026 ppm for the lowest value associated with an application rate of 0.1 lb Sporax/acre to 
2.29 ppm in soil for the highest value associated with an application rate of 5 lbs Sporax/acre.” 

Aquatic Organisms 
As stated in SERA 2006a, p. 4-11: “The potential for effects on aquatic species is based on 

estimated concentrations of borax (as boron equivalent) in water that are identical to those used in 
the human health risk assessment. For this risk assessment, contamination of water is considered for 
two scenarios – accidental spill of a bag of Sporax (containing an amount ranging from 6.25 to 25 
pounds Sporax) into a small pond and contamination of pond water and contamination of a small 
pond by runoff. For an accidental spill of Sporax into a small pond, the peak estimated concentration 
of boron in ambient water is 0.64 mg B/L (0.32 - 1.28) mg B/L (ppm). Details of this calculation are 
provided in Worksheet F05. 

As summarized in Table 3-3, for contamination of a small pond by runoff, the peak estimated 
concentration of boron in ambient water is 30 (6 to 100) μg boron/L after a single application of 1 lb 
Sporax/acre (0.11 lb boron/acre). For longer-term exposures, the corresponding longer term 
concentrations in ambient water are estimated at about 14 (2 to 70) μg boron/L. (ibid) 

Clopyralid (Sources: FS WSM ver. 6.00.07 & 6.00.10; SERA 2004a) 
Exposure values for the scenarios displayed below are summarized in the “G” series 

Worksheets in FS WSM ver. 6.00.10: for mammals (G01a) and birds (G01b). For the analysis in this 
PEIR, all exposure values for clopyralid have been computed for the typical application rate of 0.25 
lb. a.e./acre, which is also the highest application rate that is legal in California. 

By far the highest short-term acute exposures to clopyralid are associated with the 
consumption of contaminated grass by a small mammal (173 mg/kg bw/event) and a small bird (427 
mg a.e./kg bw/event). The corresponding maximum chronic exposures are 90.9 mg/kg bw/day for a 
small mammal and 225 mg a.e./kg bw/day for a small bird. For both acute and chronic exposures, 
consumption of contaminated water leads to dose estimates far below those associated with 
consumption of contaminated vegetation. This pattern is common in many herbicide exposure 
assessments, reflecting the consequences of direct applications to vegetation. 

Hexachlorobenzene is a contaminant of clopyralid that may be of concern to terrestrial and 
aquatic animals. According to the SERA risk assessment for clopyralid (SERA 2004a, p. 3-23), 
hexachlorobenzene is: “. . ubiquitous and persistent in the environment. The major sources of 
general exposure for the public to hexachlorobenzene involve industrial emissions, proximity to 
hazardous waste sites, and the consumption of contaminated food. Virtually all individuals are 
exposed to hexachlorobenzene and virtually all individuals have detectable concentrations of 
hexachlorobenzene in their bodies (ATSDR 2002).” 

Hexachlorobenzene is found at average concentrations of less than 2.5 ppm in technical grade 
clopyralid. It has a higher potential for human exposure than clopyralid itself, because the body is 
better able to absorb it. Hexachlorobenzene will bioconcentrate in fish and has a BCF that ranges 
from 2,000 to 20,000. For the Forest Service RA a BCF of 2,000 was used for acute exposure and a 
BCF of 20,000 for chronic exposure (SERA 2004a, p. 3-22). 
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Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
Direct Spray – At the typical application rate, accidental acute exposure scenarios lead to upper 

bound estimates of exposure for mammals ranging from 0.435 mg/kg/event (first-order absorption 
of direct spray by a small mammal) to 12.1 mg/kg/event (100% absorption of direct spray by a small 
mammal). For birds, no exposure scenarios for direct spray are developed, as it is assumed that 
most birds will fly away during herbicide applications. 

Dermal Contact with Contaminated Vegetation - Based on data for clopyralid, dislodgeable 
residue from the surface of contaminated vegetation will be approximately 10 times less than the 
highest application rate of 0.25 lb. a.e./acre. Since direct spray scenarios result in exposure levels 
below the estimated NOAEL, details of the exposure scenarios for contaminated vegetation are not 
elaborated. This adds relatively little uncertainty to the risk assessment, because the dominant 
route of exposure will be the consumption of contaminated vegetation. 

Ingestion of Contaminated Vegetation or Prey - At the typical application rate, non-accidental 
acute exposure scenarios lead to upper bound estimates of exposure for mammals ranging from 
1.15 mg/kg/event (consumption of a small mammal by a canid) to 173 mg/kg/event (consumption 
of grass by a small mammal). For birds, estimates of exposure range from 1.37 mg/kg/event 
(consumption of a small mammal by a carnivorous bird) to 427 mg/kg/event (consumption of short 
grass by a small bird). 

Chronic exposure scenarios lead to upper bound estimates of exposure for mammals ranging 
from 0.99 mg/kg/day (consumption of fruit by a large mammal) to 90.9 mg/kg/day (consumption of 
short grass by a small mammal). For birds, estimates of exposure range from 1.90 mg/kg/day 
(consumption of fruit by a large bird) to 225 mg/kg/day (consumption of short grass by a small bird). 

Ingestion of Contaminated Water - At the typical application rate, accidental acute exposure 
scenarios for consumption of contaminated water lead to upper bound estimates of exposure for 
mammals ranging from 0.735 mg/kg/event (large mammal) to 1.66 mg/kg/event (small mammal). 
For birds, estimates of exposure range from 0.424 mg/kg/event (large bird) to 3.06mg/kg/event 
(small bird).  

Scenarios of non-accidental acute exposure and chronic exposure(latter values in parentheses) 
for consumption of contaminated water lead to upper bound estimates of exposure for mammals 
ranging from 0.00113 (0.00021) mg/kg/event(day) (large mammal) to 0.00256 (0.000476) 
mg/kg/event(day) (small mammal). For birds, estimates of exposure range from 0.000653 
(0.000121) mg/kg/event(day) (large bird) to 0.00472 (0.000876) mg/kg/event(day) (small bird). 

Ingestion of Contaminated Fish - Ambient water and fish are exposure pathways for clopyralid. 
As clopyralid has a low potential to bioconcentrate in fish, the bioconcentration factor for fish is 
taken as 1.0 L/kg for chronic exposure scenarios. For the scenario of accidental acute exposure from 
a spill into a pond, the upper bound estimates of exposure are 1.9 mg/kg/event (large mammalian 
carnivore), 2.74 mg/kg/event (canid), and 3.18 (fish-eating bird). The non-accidental acute exposure 
scenario for a large mammalian carnivore or a canid (value for canid in parentheses) consuming 
contaminated fish results in doses of 0.00293 (0.00422) mg/kg/event at the upper bound at the 
highest application rate. The corresponding value for a fish-eating bird is 0.0049 mg/kg/event. 
Chronic exposure values at the upper bound at the highest application rate are 0.000545 mg/kg/day 
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(large mammalian carnivore) and 0.000784 mg/kg/day (canid). The corresponding value for a fish-
eating bird is 0.000911 mg/kg/day. 

Terrestrial Invertebrates 
Concentrations of clopyralid in clay, loam, and sand over a wide range of rainfall rates are 

summarized in Table 4-2 in SERA 2004a (p. Tables-12). At the highest application rate of 0.25 lb 
a.e./acre, the estimated maximum concentrations of clopyralid in clay soil would range from about 
0.066 lb. a.e./acre at an annual rainfall of 10 inches to 0.07 lb. a.e./acre at an annual rainfall of 100 
inches. Due to percolation, concentrations in loam and sand soils would be less. 

Only limited data is available on the toxicity of clopyralid to soil invertebrates and soil 
microorganisms. Since there is no information regarding the dermal absorption rate of clopyralid by 
bees or other invertebrates, an exposure scenario (100% absorption over one day) for a honeybee 
with a body weight of 0.093 g is used. 

Terrestrial Plants (Macrophytes) 
Direct Spray and Off-Site Drift - Unintended direct spray will result in an exposure level 

equivalent to the application rate. Estimates of off-site drift for ground applications of clopyralid, 
which is typically applied by low boom ground spray, are used in the SERA risk assessment. At the 
typical and maximum application rate of 0.25 lb. a.e./acre, drift is estimated to result in 
concentrations of clopyralid of 0.00875 lb. a.e./acre 25 feet from the application site to 0.00237 lb. 
a.e./acre 100 feet from the application site, the furthest distance away where there is still a concern 
for toxicity to non-target, sensitive plant species. A summary of both the exposure assessment and 
risk characterization for terrestrial plants from direct spray and off-site drift is in Worksheet G05 in 
FS WSM ver. 6.00.10. 

Runoff and Soil Mobility – Runoff of minor amounts of clopyralid following broadcast 
applications, at the typical and highest application rate of 0.25 lb. a.e./acre, is estimated to begin 
occurring on clay soils at an annual rainfall rate of 15 inches (50 inches on loams and >250 inches on 
sand). Runoff is estimated to result in concentrations of clopyralid of 0.01075 lb. a.e./acre at 15 
inches of rain to 0.09125 lb. a.e./acre at 100 inches, the annual rainfall rate where toxicity to non-
target, sensitive plant species becomes problematic. A summary of both the exposure assessment 
and risk characterization for terrestrial plants from runoff is in Worksheet G04 in FS WSM ver. 
6.00.10. 

Based on the GLEAMS modeling, clopyralid may penetrate to about 18 inches in clay. In loam or 
sand, detectable residues are modeled to occur at 60 inches. Because the GLEAMS modeling used a 
60-inch root zone, the actual penetration in loam or sand could be greater than 60 inches. 

Contaminated Irrigation Water - Clopyralid is relatively mobile and contamination of ambient 
water is plausible. Based on the estimated concentrations of clopyralid in ambient water at the 
typical and highest application rate of 0.25 lb. a.e./acre, the estimated functional application rate of 
clopyralid to the irrigated area is 0.0011 lb. a.e./acre at an irrigation rate of 1 inch per day and 
0.0079 lb. a.e./acre at an irrigation rate of 2 inches per day. Relative to off-site drift and runoff, this 
level of exposure is inconsequential. A summary of both the exposure assessment and risk 
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characterization for terrestrial plants from contaminated irrigation water is in Worksheet G06a in FS 
WSM ver. 6.00.10. 

Wind Erosion - Although no specific incidents of non-target damage from wind erosion have 
been encountered in the literature for clopyralid, this mechanism has been associated with the 
environmental transport of other herbicides. Wind erosion of minor amounts of clopyralid following 
broadcast applications, at the typical and highest application rate of 0.25 lb. a.e./acre, is estimated 
to result in concentrations of clopyralid of 0.000017 lb. a.e./acre at the central bound to 0.000034 
lb. a.e./acre at the upper bound. Relative to off-site drift and runoff, this level of exposure is 
inconsequential and well below a LOC for non-target, sensitive plant species. A summary of both the 
exposure assessment and risk characterization for terrestrial plants from wind erosion is in 
Worksheet G06b in FS WSM ver. 6.00.10. 

Aquatic Organisms 
At the typical (and highest) application rate of 0.25 lb a.e./acre the peak estimated rate of 

contamination of ambient water associated with the normal application of clopyralid is 0.005 
(0.00125 to 0.0175) mg a.e./L, while the average estimated rate of contamination for longer-term 
exposures is 0.00175 (0.00025 to 0.00325) mg a.e./L. 

Glyphosate (Sources: FS WSM v. 6.00.10; SERA 2011b; U.S. EPA. 2009c)  
The SERA risk assessment for glyphosate (SERA 2011b) displays a standard set of exposure 

assessments. All workbooks use a unit application rate of 1 lb. a.e./acre, but the exposure 
assessment in this PEIR uses a typical application rate of 2 lbs. a.e./acre. Values displayed in SERA 
2011b can be easily converted by multiplying them by whatever application rate is anticipated. 
Summaries of the exposure assessments are in Worksheet G01a (mammals), G01b (birds), and G08a 
(insects) in FS WSM ver. 6.00.10. 

By far the highest short-term acute exposures to glyphosate are associated with the 
consumption of contaminated grass by a small mammal (1,380 mg/kg bw/event) and a small bird 
(3,420 mg a.e./kg bw/event). The corresponding maximum chronic exposures are 221 mg/kg 
bw/day for a small mammal and 547 mg a.e./kg bw/day for a small bird. For both acute and chronic 
exposures, consumption of contaminated water leads to dose estimates far below those associated 
with consumption of contaminated vegetation. This pattern is common in many herbicide exposure 
assessments, reflecting the consequences of direct applications to vegetation. 

Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
The SERA risk assessment for terrestrial mammals and birds displays a standard set of exposure 

assessments (accidental, acute non-accidental, and chronic) for foliar applications of glyphosate, in 
Attachment 1a for backpack applications and in Attachment 1b for ground broadcast applications. 
As stated above, values displayed in those attachments can be easily converted by multiplying by 2, 
to reflect the typical rate of application. 

The exposure assessments for terrestrial mammals, birds, reptiles, and amphibians (terrestrial 
phase) do not distinguish between the more or less toxic forms of glyphosate. Apparently, 
glyphosate becomes more toxic to aquatic species when certain surfactants are added to the 
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formulation, most notably POEA. In this analysis, “more toxic” glyphosate includes such 
formulations. 

Direct Spray – At the typical application rate, accidental acute exposure scenarios lead to upper 
bound estimates of exposure for mammals ranging from 1.15 mg/kg/event (first-order absorption 
of direct spray by a small mammal) to 97 mg/kg/event (100% absorption of direct spray by a small 
mammal). For birds, no exposure scenarios for direct spray are developed, as it is assumed that 
most birds will fly away during herbicide applications. 

Ingestion of Contaminated Vegetation or Prey - At the typical application rate, non-accidental 
acute exposure scenarios lead to upper bound estimates of exposure for mammals ranging from 
9.23 mg/kg/event (consumption of a small mammal by a canid) to 1,380 mg/kg/event (consumption 
of grass by a small mammal). For birds, estimates of exposure range from 11 mg/kg/event 
(consumption of a small mammal by a carnivorous bird) to 3,420 mg/kg/event (consumption of 
short grass by a small bird).  

Chronic exposure scenarios lead to upper bound estimates of exposure for mammals ranging 
from 2.41 mg/kg/day (consumption of fruit by a large mammal) to 221 mg/kg/day (consumption of 
short grass by a small mammal). For birds, estimates of exposure range from 4.61 mg/kg/day 
(consumption of fruit by a large bird) to 547 mg/kg/day (consumption of short grass by a small bird). 

Ingestion of Contaminated Water - At the typical application rate, accidental acute exposure 
scenarios for consumption of contaminated water lead to upper bound estimates of exposure for 
mammals ranging from 2.35 mg/kg/event (large mammal) to 5.32 mg/kg/event (small mammal). For 
birds, estimates of exposure range from 1.36 mg/kg/event (large bird) to 9.8 mg/kg/event (small 
bird).  

Scenarios of non-accidental acute exposure and chronic exposure(values in parentheses) for 
consumption of contaminated water lead to upper bound estimates of exposure for mammals 
ranging from 0.0107 (0.000751) mg/kg/event(day) (large mammal) to 0.0243 (0.0017) 
mg/kg/event(day) (small mammal). For birds, estimates of exposure range from 0.0062 (0.000433) 
mg/kg/event(day) (large bird) to 0.0448 (0.00313) mg/kg/event(day) (small bird). 

Ingestion of Contaminated Fish - Ambient water and fish are exposure pathways for glyphosate. 
As glyphosate has a low potential to bioconcentrate in fish, the bioconcentration factor for fish is 
taken as 0.52 L/kg for chronic exposure scenarios. 

At the typical application rate, accidental acute exposure scenarios for consumption of 
contaminated fish lead to upper bound estimates of exposure for mammals ranging from 3.17 
mg/kg/event (large mammalian carnivore) to 4.56 mg/kg/event (canid). For birds, the estimated 
exposure of a fish-eating bird is 5.29 mg/kg/event. Non-accidental acute exposures lead to upper 
bound estimates of exposure for mammals ranging from 0.0145 mg/kg/event (large mammalian 
carnivore) to 0.0208 mg/kg/event (canid). For birds, the estimated exposure of a fish-eating bird is 
0.0242 mg/kg/event. Chronic exposures lead to upper bound estimates of exposure for mammals 
ranging from 0.0010 mg/kg/event (large mammalian carnivore) to 0.0015 mg/kg/event (canid). For 
birds, the estimated exposure of a fish-eating bird is 0.00169 mg/kg/event. 

Terrestrial Invertebrates 
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The exposure assessments for terrestrial invertebrates do not distinguish between the more or 
less toxic forms of glyphosate. Honeybees are used as a surrogate for other terrestrial insects as 
available toxicity data on terrestrial invertebrates do not support the derivation of separate toxicity 
values for different groups of terrestrial insects. 

Direct Spray and Off-Site Drift – A summary of the exposure assessments and risk 
characterization for the honeybee for the scenarios of direct spray and drift is in G09 in FS WSM ver. 
6.00.10. Exposure from direct spray is shown for three scenarios (0%, 50%, and 90% foliar 
interception), none of which lead to a HQ above the LOC. The absorbed doses are 137.2, 68.6, and 
13.7 mg/kg bw/event, respectively. The absorbed doses from spray drift 25 feet from the 
application site are 4.8, 2.4, and 0.5 mg/kg bw/event, respectively. 

Ingestion of Contaminated Vegetation or Prey - Four non-accidental acute exposure scenarios 
of a herbivorous insect consuming vegetation were developed. For a large insect consuming fruit, 
the estimated dose at the typical application rate of 2 lbs. a.e./acre, is 18.2 mg/kg bw/event (central 
bound) and 66 mg/kg bw/event (upper bound). For a small insect consuming broadleaf foliage, the 
estimated dose is 117 mg/kg bw/event (central) and 594 mg/kg bw/event (upper). For an insect 
consuming tall and short grass (the latter value in parentheses), the estimated dose is 93.6 (221) 
mg/kg bw/event (central) and 484 (1,056) mg/kg bw/event (upper). 

Contact with Contaminated Soil - Concentrations of glyphosate in clay, loam, and sand over a 
wide range of site conditions are summarized in Table 4-2 in SERA 2004a (p. Tables-12). At the 
typical application rate of 2 lb a.e./acre, the estimated maximum concentrations of glyphosate in 
the top 12 inches of clay soil would range from about 0.283 lb. a.e./acre in dry, warm locations to 
0.243 lb. a.e./acre in wet, cool locations. Due to percolation, concentrations in loam and sand soils 
would be less; 0.176 lb. a.e./acre in dry, warm locations to 0.172 lb. a.e./acre in wet, cool locations. 

Terrestrial Plants (Macrophytes) 
Direct Spray and Off-Site Drift - Unintended direct spray will result in an exposure level 

equivalent to the application rate. Estimates of off-site drift for broadcast ground applications of 
glyphosate are calculated in the SERA risk assessment. At the typical application rate of 2 lb. 
a.e./acre, drift is estimated to result in concentrations of clopyralid of 0.01664 lb./acre 25 feet from 
the application site to 0.00482 lb./acre 100 feet from the application site, the furthest distance 
away where there is still a concern for toxicity to non-target, sensitive plant species. A summary of 
both the exposure assessment and risk characterization for terrestrial plants from direct spray and 
off-site drift is in Worksheet G05 in FS WSM ver. 6.00.10. 

Runoff and Soil Mobility – For glyphosate, there is no rainfall-specific information for runoff 
displayed in Worksheet G04 in FS WSM ver. 6.00.10. Information on the relationship between site 
conditions  and runoff rates is displayed in SERA 2011b, Appendix 10, Table 1, p. 116. The effective 
off-site application rate from runoff in clay soils ranges from 0.000104 lb a.e./acre in dry and warm 
locations to 0.036 lb a.e./acre in wet and cool locations. In loam and sand soils (values for sand in 
parentheses) these values range from 0.0 lb a.e./acre in dry and warm locations to 0.0058 (0.00057) 
lb a.e./acre in wet and cool locations. 

Based on the GLEAMS modeling, detectable residues of glyphosate may penetrate to a depth of 
about 4-12 inches in clay soils, resulting in concentrations in the top 12 inches of soil of 0.283 ppm 
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in dry and warm locations to 0.243 ppm in wet and cool locations. In loam soils, detectable residues 
may penetrate to about 4-12 inches (4-18 inches for sandy soils), resulting in concentrations of 
0.176 ppm in dry and warm locations to 0.172 ppm in wet and cool locations. 

Contaminated Irrigation Water - Glyphosate is not likely to contaminate ambient water. Based 
on the estimated concentrations of glyphosate in ambient water at the typical application rate of 2 
lb. a.e./acre, the estimated functional application rate of glyphosate to the irrigated area is 0.0050 
lb. a.e./acre at an irrigation rate of 1 inch per day and 0.075 lb. a.e./acre at an irrigation rate of 2 
inches per day. Relative to off-site drift and runoff, this level of exposure is inconsequential. A 
summary of both the exposure assessment and risk characterization for terrestrial plants from 
contaminated irrigation water is in Worksheet G06a in FS WSM ver. 6.00.10. 

Wind Erosion - Although no specific incidents of non-target damage from wind erosion have 
been encountered in the literature for glyphosate, this mechanism has been associated with the 
environmental transport of other herbicides. Wind erosion of minor amounts of glyphosate 
following broadcast applications, at the typical application rate of 2 lb. a.e./acre, is estimated to 
result in concentrations of glyphosate of 0.000137lb. a.e./acre at the central bound to 0.000274 lb. 
a.e./acre at the upper bound. Relative to off-site drift and runoff, this level of exposure is 
inconsequential and well below a LOC for non-target, sensitive plant species. A summary of both the 
exposure assessment and risk characterization for terrestrial plants from wind erosion is in 
Worksheet G06b in FS WSM ver. 6.00.10. 

Aquatic Organisms 
The plausibility of effects on aquatic species is assessed based on estimated concentrations of 

glyphosate in water that are identical to those used in the human health risk assessment. At the 
typical application rate of 2 lb a.e./acre, the peak estimated rate of contamination of ambient water 
associated with the normal application of glyphosate is 0.042 (0.0013 to 0.083) mg a.e./L, while the 
average estimated rate of contamination for longer-term exposures is 0.0029 (0.000088 to 0.0058) 
mg a.e./L. 

Hexazinone (Sources: FS WSM v. 6.00.10; SERA 2005) 
Exposure values for the scenarios displayed below are summarized in the “G” series 

Worksheets in FS WSM ver. 6.00.10: for mammals (G01a) and birds (G01b). For the analysis in this 
PEIR, all exposure values for liquid and granular hexazinone have been computed for the typical 
application rate of 2 lb. a.i./acre. 

In the SERA 2005 risk assessment, no exposure scenarios were developed for granular 
formulations of hexazinone, as the clay pellets were thought not to stick to mammals or other 
ecological receptors. Also, data for adjusting estimates of pellet deposition were not available. It 
was thought that risks were far below a LOC and any overestimate of exposure would have no 
impact on the characterization of risk. 

However, two sets of exposure scenarios are provided in the 2012 version of the EXCEL 
workbooks. One workbook covers Velpar L, the only liquid formulation considered in this risk 
assessment, and the other covers the granular formulations. Although these assessments are 
generally similar in nature, some of the computational details differ in ways that are mandated by 
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differences between granular and liquid formulations. There is also a substantial difference in the 
amount of residue on contaminated vegetation, with much higher residues expected after the 
application of Velpar L compared to the granular formulations. 

By far the highest short-term acute exposures to liquid and granular (the latter values in 
parentheses) formulations of hexazinone are associated with the consumption of grass, 1,380 (55.3) 
mg/kg bw/event (small mammal) and 3,420 (137) mg a.e./kg bw/event (small bird). The 
corresponding maximum chronic exposures are 581 (23.3) mg/kg bw/day for a small mammal and 
1,440 (57.5) mg a.e./kg bw/day for a small bird. For both acute and chronic exposures, consumption 
of contaminated water leads to dose estimates far below those associated with consumption of 
contaminated vegetation. This pattern is common in many herbicide exposure assessments, 
reflecting the consequences of direct applications to vegetation. 

Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
Direct Spray – At the typical application rate, accidental acute exposure scenarios for liquid and 

granular (values in parentheses) formulations of hexazinone lead to upper bound estimates of 
exposure for mammals ranging from 5.28 (0.0109) mg/kg/event (first-order absorption of direct 
spray by a small mammal) to 97 (3.0) mg/kg/event (100% absorption of direct spray by a small 
mammal). For birds, no exposure scenarios for direct spray are developed, as it is assumed that 
most birds will fly away during herbicide applications. 

Ingestion of Contaminated Vegetation or Prey – Residues on vegetation are likely to be much 
greater after applications of Velpar L compared to applications of the granular formulations. 
Standard residue rates are used directly in the Velpar L worksheets but are divided by a factor of 25 
for applications of granular formulations. 

At the typical application rate, non-accidental acute exposure scenarios for liquid and granular 
(values in parentheses) formulations of hexazinone lead to upper bound estimates of exposure for 
mammals ranging from 9.23 mg/kg/event (consumption of a small mammal by a canid) to 1,380 
(55.3) mg/kg/event (consumption of grass by a small mammal). The lower estimate for the granular 
formulation is 0.602 mg/kg/event (consumption of fruit by a large mammal). For birds, estimates of 
exposure range from 11 mg/kg/event (consumption of a small mammal by a carnivorous bird) to 
3,420 (137) mg/kg/event (consumption of short grass by a small bird). The lower estimate for the 
granular formulation is 1.15 mg/kg/event (consumption of fruit by a large bird). 

Chronic exposure scenarios for liquid and granular (values in parentheses) formulations of 
hexazinone lead to upper bound estimates of exposure for mammals ranging from 6.33 (0.253) 
mg/kg/day (consumption of fruit by a large mammal) to 581 (23.3) mg/kg/day (consumption of 
short grass by a small mammal). For birds, estimates of exposure range from 12.1 (0.485) 
mg/kg/day (consumption of fruit by a large bird) to 1,440 (57.5) mg/kg/day (consumption of short 
grass by a small bird). 

Ingestion of Contaminated Water – Since estimates of the variability of water consumption by 
mammals, birds, reptiles, and terrestrial amphibians are not available, for the acute scenario, the 
only factors affecting the estimate of the ingested dose include the amount of solution that is 
spilled and the field dilution rates. For liquid formulations (Velpar L), the amount of the spilled 
solution is the standard amount used for exposure assessments, 200 gallons. For granular 
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formulations, the amount spilled is calculated in pounds based on the number of acres that would 
be treated with the corresponding liquid formulation(s) and the range of application rates covered 
by this risk assessment. Variability in the exposure scenario involving ponds or streams 
contaminated by runoff or percolation is affected by the water contamination rate and the 
herbicide application rate. 

At the typical application rate, accidental acute exposure scenarios for both formulations of 
hexazinone for consumption of contaminated water lead to upper bound estimates of exposure for 
mammals ranging from 2.35 mg/kg/event (large mammal) to 5.32 mg/kg/event (small mammal). For 
birds, estimates of exposure range from 1.36 mg/kg/event (large bird) to 9.8 mg/kg/event (small 
bird).  

Scenarios of non-accidental acute exposure and chronic exposure(values in parentheses) for 
both formulations of hexazinone for consumption of contaminated water lead to upper bound 
estimates of exposure for mammals ranging from 0.0518 (0.0205) mg/kg/event(day) (large 
mammal) to 0.117 (0.00906) mg/kg/event(day) (small mammal). For birds, estimates of exposure 
range from 0.0299 (0.00523) mg/kg/event(day) (large bird) to 0.216 (0.0378) mg/kg/event(day) 
(small bird). 

Ingestion of Contaminated Fish - Ambient water and fish are exposure pathways for 
hexazinone. As hexazinone has a low potential to bioconcentrate in fish, the bioconcentration factor 
for fish is taken as 2 L/kg for chronic exposure scenarios. 

At the typical application rate, accidental acute exposure scenarios for both formulations of 
hexazinone for consumption of contaminated fish lead to upper bound estimates of exposure for 
mammals ranging from 12.2 mg/kg/event (large mammalian carnivore) to 17.5 mg/kg/event (canid). 
For birds, the estimated exposure of a fish-eating bird is 20.4 mg/kg/event. Non-accidental acute 
exposure scenarios lead to upper bound estimates of exposure for mammals ranging from 0.268 
mg/kg/event (large mammalian carnivore) to 0.386 mg/kg/event (canid). For birds, the estimated 
exposure of a fish-eating bird is 0.0448 mg/kg/event. Chronic exposure scenarios lead to upper 
bound estimates of exposure for mammals ranging from 0.0469 mg/kg/event (large mammalian 
carnivore) to 0.0676 mg/kg/event (canid). For birds, the estimated exposure of a fish-eating bird is 
0.0785 mg/kg/event. 

Terrestrial Invertebrates 
Direct Spray and Drift – No specific information on exposure to terrestrial invertebrates from 

direct spray or off-site drift of hexazinone is available in the SERA 2005 risk assessment. The 
application rate and the amount of drift will be the same as for plants (see below) and will 
determine the maximum dose that terrestrial invertebrates could be exposed to. 

Ingestion of Contaminated Vegetation or Prey - No specific information on exposure to 
terrestrial invertebrates from ingestion of contaminated vegetation or prey of hexazinone is 
available in the SERA 2004c risk assessment. It seems likely that the routes of exposure modeled for 
some other herbicides analyzed in this PEIR would be similar, with similar exposure levels. For those 
herbicides, four non-accidental acute exposure scenarios were developed for herbivorous insects 
consuming vegetation contaminated by herbicide residues. The highest anticipated dose was to a 
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small insect consuming broadleaf vegetation, followed by an insect consuming tall or short grass, 
and lastly, by a large insect consuming fruit. 

Contact with Contaminated Soil - Only limited data are available on the toxicity of hexazinone 
to soil invertebrates and microorganisms. The data on soil invertebrates are only semi-quantitative 
and the effects reported are not associated with soil concentrations of hexazinone. 

Concentrations of hexazinone in clay, loam, and sand over a wide range of site conditions are 
summarized in Table 4-3 in SERA 2005 (p. Tables 1-25). At the typical application rate of 2 lb 
a.i./acre, the estimated maximum concentrations of hexazinone in the top 12 inches of clay soil 
would range from about 0.147 ppm at 10 inches of annual rainfall to 0.0752 ppm at 100 inches. Due 
to percolation, concentrations in loam and sand soils would be less; 0.139 (0.119) ppm at 10 inches 
of annual rainfall and 0.215 (0.168) ppm at 100 inches. 

Terrestrial Plants (Macrophytes) 
Direct Spray and Off-Site Drift - Unintended direct spray will result in an exposure level 

equivalent to the application rate. Estimates of off-site drift for ground applications of the liquid 
formulation hexazinone, which is typically applied by low boom ground spray, are used in the SERA 
risk assessment. At the typical application rate of 2 lb. a.i./acre, drift is estimated to result in 
concentrations of hexazinone of 0.07 lb./acre 25 feet from the application site to 0.01896 lb./acre 
100 feet from the application site, the furthest distance away where there is still a concern for 
toxicity to non-target, sensitive plant species. A summary of both the exposure assessment and risk 
characterization for terrestrial plants from direct spray and off-site drift is in Worksheet G05 in FS 
WSM ver. 6.00.10 for the liquid formulation (but not granular) of hexazinone. 

Runoff and Soil Mobility – Runoff of minor amounts of both the liquid and granular 
formulations of hexazinone following broadcast applications, at the typical application rate of 2 lb. 
a.i./acre, is estimated to begin occurring on clay soils at an annual rainfall rate of 15 inches (50 
inches on loams and >250 inches on sand). Runoff is estimated to result in concentrations of 
hexazinone of 0.10 lb. a.e./acre at 15 inches of rain to 0.894 lb. a.e./acre at 100 inches. Toxicity to 
non-target, sensitive plant species from runoff from clay soils becomes problematic at an annual 
rainfall rate of 15 inches and severe at 100 inches. Even for tolerant species, exposures become 
problematic at an annual rainfall rate of 15 inches, but are much less severe. A summary of both the 
exposure assessment and risk characterization for terrestrial plants from runoff is in Worksheet G04 
in FS WSM ver. 6.00.10. 

Based on the GLEAMS modeling, detectable residues of hexazinone may penetrate to a depth 
of about 18-36 inches in clay soils, 42->60 inches in loam soils, and >60 inches in sand at annual 
rainfall rates of 15-100 inches (SERA 2005, Table 4-5). The detectable concentrations of hexazinone 
in the top 12 inches of clay soil average from 0.274 ppm (rainfall 15”) to 0.1504 ppm (rainfall 100”). 
In loam soil, concentrations average 0.25 ppm (rainfall 15”) and 0.0836 ppm (rainfall 100”) and in 
sandy soils, concentrations average 0.1924 ppm (rainfall 15”) and 0.0248 ppm (rainfall 100”) (SERA 
2005, Table 4-3). These estimates are consistent with the field monitoring studies reporting soil 
penetration. 

Contaminated Irrigation Water - Hexazinone is highly mobile and contamination of ambient 
water may be anticipated. Based on the estimated concentrations of hexazinone in ambient water 
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at the typical application rate of 2 lb. a.i./acre, the estimated functional application rate of 
hexazinone to the irrigated area is 0.0453 lb. a.e./acre at an irrigation rate of 1 inch per day and 
0.3625 lb. a.e./acre at an irrigation rate of 2 inches per day. A summary of both the exposure 
assessment and risk characterization for terrestrial plants from contaminated irrigation water is in 
Worksheet G06a in FS WSM ver. 6.00.10. 

Wind Erosion - Although no specific incidents of non-target damage from wind erosion have 
been encountered in the literature for hexazinone, this mechanism has been associated with the 
environmental transport of other herbicides. While somewhat speculative, it seems plausible that 
granular formulations would be more susceptible to wind erosion than liquid formulations. Since no 
data have been located that would permit a quantitative adjustment in estimates of off-site 
transport, the worksheets for the two formulations are identical. 

Wind erosion of minor amounts of hexazinone following broadcast applications, at the typical 
application rate of 2 lb. a.i./acre, is estimated to result in concentrations of hexazinone of 0.000137 
lb. a.e./acre at the central bound to 0.000274 lb. a.e./acre at the upper bound. Relative to off-site 
drift and runoff, this level of exposure is inconsequential and well below a LOC for non-target, 
sensitive plant species. A summary of both the exposure assessment and risk characterization for 
terrestrial plants from wind erosion is in Worksheet G06b in FS WSM ver. 6.00.10. 

Aquatic Organisms 
The plausibility of effects on aquatic species is based on estimated concentrations of 

hexazinone in water that are identical to those used in the human health risk assessment. At the 
typical application rate of 2 lb a.i./acre, the peak estimated rate of contamination of ambient water 
associated with the normal application of hexazinone is 0.200 (0.0005 to 0.4) mg a.e./L, while the 
average estimated rate of contamination for longer-term exposures is 0.035 (0.00001 to 0.07) mg 
a.e./L. 

Imazapyr (Sources: FS WSM v. 6.00.10; SERA 2011c; U.S. EPA 2006d) 
Exposure values for the scenarios displayed below are summarized in the “G” series 

Worksheets in FS WSM ver. 6.00.10: for mammals (G01a), birds (G01b), and insects (G08a). For the 
analysis in this PEIR, all exposure values for imazapyr have been computed for the typical 
application rate of 0.30 lb. a.e./acre. 

By far the highest short-term acute exposures to imazapyr are associated with the consumption 
of contaminated grass by a small mammal (207 mg/kg bw/event) and a small bird (513 mg a.e./kg 
bw/event). The corresponding maximum chronic exposures are 100 mg/kg bw/day for a small 
mammal and 248 mg a.e./kg bw/day for a small bird. For both acute and chronic exposures, 
consumption of contaminated water leads to dose estimates far below those associated with 
consumption of contaminated vegetation. This pattern is common in many herbicide exposure 
assessments, reflecting the consequences of direct applications to vegetation. 

Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
Direct Spray – At the typical application rate, accidental acute exposure scenarios lead to upper 

bound estimates of exposure for mammals ranging from 0.489 mg/kg/event (first-order absorption 
of direct spray by a small mammal) to 14.5 mg/kg/event (100% absorption of direct spray by a small 
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mammal). For birds, no exposure scenarios for direct spray are developed, as it is assumed that 
most birds will fly away during herbicide applications. 

Ingestion of Contaminated Vegetation or Prey - At the typical application rate, non-accidental 
acute exposure scenarios lead to upper bound estimates of exposure for mammals ranging from 
1.38 mg/kg/event (consumption of a small mammal by a canid) to 207 mg/kg/event (consumption 
of grass by a small mammal). For birds, estimates of exposure range from 1.65 mg/kg/event 
(consumption of a small mammal by a carnivorous bird) to 513 mg/kg/event (consumption of short 
grass by a small bird).  

Chronic exposure scenarios lead to upper bound estimates of exposure for mammals ranging 
from 1.09 mg/kg/day (consumption of fruit by a large mammal) to 100 mg/kg/day (consumption of 
short grass by a small mammal). For birds, estimates of exposure range from 2.09 mg/kg/day 
(consumption of fruit by a large bird) to 248 mg/kg/day (consumption of short grass by a small bird). 

Ingestion of Contaminated Water - At the typical application rate, accidental acute exposure 
scenarios for consumption of contaminated water from a spill lead to upper bound estimates of 
exposure for mammals ranging from 0.353 mg/kg/event (large mammal) to 0.798 mg/kg/event 
(small mammal). For birds, estimates of exposure range from 0.204 mg/kg/event (large bird) to 1.47 
mg/kg/event (small bird).  

Scenarios of non-accidental acute exposure and chronic exposure(values in parentheses) for 
consumption of contaminated water lead to upper bound estimates of exposure for mammals 
ranging from 0.00505 (0.00233) mg/kg/event(day) (large mammal) to 0.0114 (0.00527) 
mg/kg/event(day) (small mammal). For birds, estimates of exposure range from 0.00291 (0.00134) 
mg/kg/event(day) (large bird) to 0.0210 (0.00971) mg/kg/event(day) (small bird). 

Ingestion of Contaminated Fish - Ambient water and fish are exposure pathways for imazapyr. 
As imazapyr has a low potential to bioconcentrate in fish, the bioconcentration factor for fish is 
taken as 0.5 L/kg f for chronic exposure scenarios. 

At the typical application rate, accidental acute exposure scenarios for consumption of 
contaminated fish lead to upper bound estimates of exposure for mammals ranging from 0.457 
mg/kg/event (large mammalian carnivore) to 0.658 mg/kg/event (canid). For birds, the estimated 
exposure of a fish-eating bird is 0.764 mg/kg/event. Non-accidental acute exposure scenarios lead 
to upper bound estimates of exposure for mammals ranging from 0.00654 mg/kg/event (large 
mammalian carnivore) to 0.00941 mg/kg/event (canid). For birds, the estimated exposure of a fish-
eating bird is 0.0109 mg/kg/event. Chronic exposure scenarios lead to upper bound estimates of 
exposure for mammals ranging from 0.00302 mg/kg/day (large mammalian carnivore) to 0.00434 
mg/kg/day (canid). For birds, the estimated exposure of a fish-eating bird is 0.00504 mg/kg/day. 

Terrestrial Invertebrates 
Direct Spray and Drift - A summary of the exposure assessments and risk characterization for 

the honeybee for the scenarios of direct spray and drift of imazapyr is in G09 in FS WSM ver. 
6.00.10. Exposure from direct spray is shown for three scenarios (0%, 50%, and 90% foliar 
interception), none of which lead to a HQ above the LOC. The absorbed doses are 20.6, 10.3, and 
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2.1 mg/kg bw/event, respectively. The absorbed doses from spray drift 25 feet from the application 
site are0.72, 0.36, and 0.07 mg/kg bw/event, respectively. 

Ingestion of Contaminated Vegetation or Prey - Four non-accidental acute exposure scenarios 
were developed for herbivorous insects consuming vegetation contaminated by residues of 
imazapyr. For a large insect consuming fruit, the estimated dose at the typical application rate of 
0.30 lbs. a.e./acre, is 2.73 mg/kg bw/event (central bound) and 9.9 mg/kg bw/event (upper bound). 
For a small insect consuming broadleaf foliage, the estimated dose is 17.6 mg/kg bw/event (central) 
and 89.1 mg/kg bw/event (upper). For an insect consuming tall and short grass (the latter value in 
parentheses), the estimated dose is 14.04 (33.2) mg/kg bw/event (central) and 72.6 (158) mg/kg 
bw/event (upper). 

Contact with Contaminated Soil - Based on the GLEAMS modeling, imazapyr may penetrate to 
36 inches in clay, loam, and sand soils. Because the GLEAMS modeling used a 36-inch root zone, the 
actual penetration of imazapyr could be greater than 36 inches. 

Terrestrial Plants (Macrophytes) 
Direct Spray and Off-Site Drift - Unintended direct spray will result in an exposure level 

equivalent to the application rate. Estimates of off-site drift for broadcast ground applications of 
imazapyr are used in the SERA risk assessment. At the typical application rate of 0.30 lb. a.e./acre, 
drift is estimated to result in concentrations of imazapyr of 0.0105 lb./acre 25 feet from the 
application site to 0.000327 lb./acre 900 feet from the application site, where adverse effects to 
non-target, sensitive plant species are still plausible. There are no concerns for tolerant species, 
even at the application site. A summary of both the exposure assessment and risk characterization 
for terrestrial plants from direct spray and off-site drift is in Worksheet G05 in FS WSM ver. 6.00.10. 

Runoff and Soil Mobility – For imazapyr, there is no rainfall-specific information for runoff 
displayed in Worksheet G04 in FS WSM ver. 6.00.10. Information on the relationship between site 
conditions  and runoff rates is displayed in SERA 2011c, Appendix 7, Table 1, p. 196. The effective 
off-site application rate from runoff in clay soils ranges from 0.00106 lb a.e./acre in dry and warm 
locations to 0.12 lb a.e./acre in wet and cool locations. In loam and sand soils (values for sand in 
parentheses) these values range from 0.0 (0.0) lb a.e./acre in dry and warm locations to 0.0093 (0.0) 
lb a.e./acre in wet and cool locations. 

Based on the GLEAMS modeling, detectable residues of imazapyr may penetrate to a depth of 
about 4-36 inches in clay soils, resulting in concentrations in the top 12 inches of soil of 0.27 ppm in 
dry and warm locations and 0.211 ppm in wet and cool locations. In loam and sand soils (values for 
sand in parentheses), detectable residues may penetrate to about 4-36 inches, resulting in 
concentrations of 0.241 (0.209) ppm in dry and warm locations  to 0.198 (0.17) ppm in wet and cool 
locations. 

Contaminated Irrigation Water - Imazapyr is relatively mobile and contamination of ambient 
water may be anticipated. Based on the estimated concentrations of imazapyr in ambient water at 
the typical application rate of 0.30 lb. a.e./acre, the estimated functional application rate of 
imazapyr to the irrigated area is 0.00136 lb. a.e./acre at an irrigation rate of 1 inch per day and 
0.0353 lb. a.e./acre at an irrigation rate of 2 inches per day. Relative to off-site drift and runoff, this 
level of exposure is inconsequential. A summary of both the exposure assessment and risk 
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characterization for terrestrial plants from contaminated irrigation water is in Worksheet G06a in FS 
WSM ver. 6.00.10. 

The Re-registration Eligibility Decision for imazapyr notes that water that contains imazapyr 
residues should not be used for irrigation. Product labels for the formulations listed in SERA 2011c 
(Table 2) include restrictions to limit the use of water for crop irrigation that may contain imazapyr 
residues. While perhaps not relevant to imazapyr, the exposure assessment in this PEIR is included 
for consistency with other herbicide risk assessments and to enable assessment of the 
consequences of disregarding the labeled use restrictions.  

Wind Erosion - Although no specific incidents of non-target damage from wind erosion have 
been encountered in the literature for clopyralid, this mechanism has been associated with the 
environmental transport of other herbicides. Wind erosion of minor amounts of imazapyr following 
broadcast applications, at the typical application rate of 0.30 lb. a.e./acre, is estimated to result in 
concentrations of imazapyr of 0.000055 lb. a.e./acre at the central bound to 0.000041 lb. a.e./acre 
at the upper bound. Relative to off-site drift and runoff, this level of exposure is inconsequential and 
well below a LOC for non-target, sensitive plant species. A summary of both the exposure 
assessment and risk characterization for terrestrial plants from wind erosion is in Worksheet G06b 
in FS WSM ver. 6.00.10. 

Aquatic Organisms 
At the typical application rate of 0.30 lb a.e./acre, the peak estimated rate of contamination of 

ambient water associated with the normal application of imazapyr is 0.13 (0.000009 to 0.26) mg 
a.e./L, while the average estimated rate of contamination for longer-term exposures is 0.06 
(0.000003 to 0.12) mg a.e./L. 

NP9E (Sources: FS WS ver. 2.02; USDA/FS 2003b; U.S. EPA 2010e) 
Exposure values for the scenarios displayed below are summarized in the Worksheet in FS WSM 

ver. 6.00.10: for mammals and birds (WL Ex1). For the analysis in this PEIR, all exposure values for 
NP9E have been computed for the typical application rate of 1.67 lb. a.i./acre. 

By far the highest short-term acute exposures to NP9E are associated with the consumption of 
contaminated vegetation by a large mammal (324 mg/kg bw/event) and a large bird (508 mg a.e./kg 
bw/event). The corresponding maximum chronic exposures are 0.0822 (off-site), 520 (on-site) 
mg/kg bw/day for a large mammal and 0.129 (off-site), 8.14 (on-site) mg a.e./kg bw/day for a large 
bird. For both acute and chronic exposures, consumption of contaminated water leads to dose 
estimates far below those associated with consumption of contaminated vegetation. This pattern is 
common in many herbicide exposure assessments, reflecting the consequences of direct 
applications to vegetation. Because of the apparently low toxicity of NP9E to animals, the rather 
substantial variations in the different exposure assessments have little impact on the assessment of 
risk to terrestrial animals. 

Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
Direct Spray – At the typical application rate, accidental acute exposure scenarios lead to upper 

bound estimates of exposure for mammals ranging from 0.00107 mg/kg/event (100% absorption by 
a honeybee) to 3.46 mg/kg/event (first-order absorption of direct spray by a small mammal) to 162 
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mg/kg/event (100% absorption of direct spray by a small mammal). For birds, no exposure scenarios 
for direct spray are developed, as it is assumed that most birds will fly away during herbicide 
applications. 

Dermal Contact with Contaminated Vegetation - Neither the bioconcentration data on NP9E or 
the estimated rates of dermal absorption in humans indicate that NP9E is likely to preferentially 
partition from the surface of contaminated vegetation to the surface of skin, feathers, or fur, which 
supports a plausible partition coefficient of unity (i.e., the concentration of the chemical on the 
surface of the animal will be equal to the dislodgeable residue on the vegetation). 

Ingestion of Contaminated Vegetation or Prey – As stated in USDA/FS 2003b, p. 50: “For 
estimating the effects of longer-term exposures, time-weighted average concentrations are used, 
which is similar to the approach taken in the human health risk assessment and using the same 
estimates of foliar halftime as were used in the corresponding human health risk assessment. Also, 
the longer term exposure scenario is based on a 90-day post-spray period and uses the geometric 
mean over this period as the central estimate of the exposed dose, as in the human health risk 
assessment. Like the acute exposure scenario, this exposure scenario assumes that 100% of the diet 
is contaminated.” 

At the typical application rate, non-accidental acute exposure scenarios lead to upper bound 
estimates of exposure for mammals ranging from 17.9 mg/kg/event (consumption of vegetation by 
a small mammal) to 324 mg/kg/event (consumption of vegetation by a large mammal). For birds, 
the estimated exposure for consumption of vegetation by a large bird is 508 mg/kg/event. 

Chronic exposure scenarios lead to upper bound estimates of exposure for mammals ranging 
from 0.000906 (off-site), 0.0574 (on-site) mg/kg/day (consumption of vegetation by a small 
mammal) to 0.0822 (off-site), 520 (on-site) mg/kg/day (consumption of vegetation by a large 
mammal). For birds, the estimated exposure is 0.129 (off-site), 8.14 (on-site) mg/kg/event 
(consumption of vegetation by a large bird). 

Ingestion of Contaminated Water - At the typical application rate, the accidental acute 
exposure scenario for a small mammal drinking from a pond after a spill leads to an estimated dose 
of 2.22 mg/kg/event. The non-accidental scenario of a small mammal drinking from a stream 
contaminated by runoff or percolation through the soil leads to an upper bound estimate of 
exposure of 0.00457 mg/kg/event. For chronic exposure, for a small mammal, the dose is 0.00205 
mg/kg/day. 

Ingestion of Contaminated Fish - Ambient water and fish are exposure pathways for NP9E. As 
NP9E has a low potential to bioconcentrate in fish, the bioconcentration factor for fish is taken as 1 
L/kg for chronic exposure scenarios. The only scenario for ingestion of contaminated fish involves a 
predatory bird. The acute accidental dose is 2.27 mg/kg/event and the chronic dose is 0.0021 
mg/kg/day. 

Terrestrial Invertebrates 
Direct Spray and Drift – There is no information for NP9E in the Worksheet or in USDA/FS 2003b 

specific to these scenarios. For other herbicides analyzed in this PEIR, exposure from direct spray 
and off-site drift is shown for three scenarios (0%, 50%, and 90% foliar interception). In the case of 
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imazapyr, none of these scenarios leads to absorbed doses above the LOC at the application site. At 
a distance of 25 feet from the application site, absorbed doses are close to 30 times lower. It is 
plausible that NP9E would follow a similar pattern. 

Ingestion of Contaminated Vegetation or Prey - There is no information for NP9E in the 
Worksheet or in USDA/FS 2003b specific to these scenarios. For other herbicides analyzed in this 
PEIR, four non-accidental acute exposure scenarios were developed for herbivorous insects 
consuming contaminated fruit, broadleaf vegetation, and grass.  

Contact with Contaminated Soil - There is some concern that surfactants might increase the 
movement of herbicides into soils. In one study, levels of nonionic NPE-based surfactants at 
concentrations below 1000 mg/L caused little or no decrease in sorption of a fungicide, but at 
10,000 mg/L, an increase in sorption was seen. 

Terrestrial Plants (Macrophytes) 
Direct Spray and Off-Site Drift - Unintended direct spray will result in an exposure level 

equivalent to the application rate of 1.67 lb. a.i./acre. There is no information for NP9E in the 
Worksheet or in USDA/FS 2003b specific to off-site drift or to the toxicity of NP9E to terrestrial 
plants. Since NP9E-based surfactants would not be applied alone, but would be applied in a mix 
with an herbicide, the herbicide would determine the effects to terrestrial plants. 

Runoff and Soil Mobility – The dose-response assessment in USDA/FS 2003b did not support a 
quantitative assessment and no GLEAMS modeling was conducted, so no information is available for 
an assessment of NP9E. Since NP9E-based surfactants would not be applied alone, but would be 
applied in a mix with an herbicide, the herbicide would determine the effects to terrestrial plants. 

Contaminated Irrigation Water - There is no information for NP9E in the Worksheet or in 
USDA/FS 2003b specific to the effects of contaminated irrigation water. Since NP9E-based 
surfactants would not be applied alone, but would be applied in a mix with an herbicide, the 
herbicide would determine the effects to terrestrial plants. 

Wind Erosion - There is no information for NP9E in the Worksheet or in USDA/FS 2003b specific 
to the effects from wind erosion. Since NP9E-based surfactants would not be applied alone, but 
would be applied in a mix with an herbicide, the herbicide would determine the effects to terrestrial 
plants. 

Aquatic Organisms 
As stated in USDA/FS 2003b, p. 51: 

The potential for effects on aquatic species are based on estimated concentrations of 
NP9E or NP1-2EC in water that are identical to those used in the human health risk 
assessment. The estimated rate of contamination of ambient water associated with the 
normal application of NP9E is 0.0125 mg a.e./L (12.5 ppb). For acute exposure scenarios, the 
highest estimated concentration of NP9E in water after an accidental spill is about 6.1 mg 
a.e./L (ppm) with a range of about 3.0 to 15.1 mg a.e./L. As another exposure scenario, if the 
Forest Service were to overspray an herbicide mixture with an 80% NPE-based surfactant into 
a small pond or stagnant stream reach, with no foliar interception, instantaneous levels of 
NP9E could approach 1.5 mg/L (1,500 ppb) and the concentration of NP and the short-chain 
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ethoxylates (NP1E and NP2E) could approach (0.075 mg/L (75 ppb) (refer to worksheet 1 in 
Appendix 1). Assuming a more realistic live stream, these levels would be quickly lowered as 
water is mixed through stream flow. 

As discussed in section 3.2.3.3, the breakdown of NPE would likely not liberate NP, and 
any free NP in the surfactant would be broken down in the forested environment or bound to 
soil particles. Therefore, it is very unlikely that NP would be found in forest streams above the 
level that might be found in the NP9E mixture originally. As stated in section 4.3, the acute 
toxicity of NP9E includes this small percentage of NP and short-chain NPEs, so no adjustment 
for acute exposures is necessary. 

Based on environmental fate, the toxicological compound of interest is more likely to be 
the short chain NPECs (NP1EC, NP2EC), as they will be formed in the forested environment 
and their persistence would make them more available for aquatic wildlife exposure and for 
exposure to terrestrial wildlife through water consumption. As stated in section 3.2.3.3.2, the 
assumed levels of NP1-2EC in water will be based on water monitoring and set at 0.007 mg/L 
(with a range of 0 to 0.014 mg/L). 

Sulfometuron methyl (Sources: FS WSM v. 6.00.10; SERA 2004c; U.S. EPA 2008a, 2009g) 
Exposure values for the scenarios displayed below are summarized in the “G” series 

Worksheets in FS WSM ver. 6.00.10: for mammals (G01a) and birds (G01b). For the analysis in this 
PEIR, all exposure values for sulfometuron methyl have been computed for the typical application 
rate of 0.045 lb. a.e./acre. 

By far the highest short-term acute exposures to sulfometuron methyl are associated with the 
consumption of contaminated grass by a small mammal (31.1 mg/kg bw/event) and a small bird 
(76.9 mg a.e./kg bw/event). The corresponding maximum chronic exposures are 4.97mg/kg bw/day 
for a small mammal and 12.3 mg a.e./kg bw/day for a small bird. For both acute and chronic 
exposures, consumption of contaminated water leads to dose estimates far below those associated 
with consumption of contaminated vegetation. This pattern is common in many herbicide exposure 
assessments, reflecting the consequences of direct applications to vegetation. 

Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
Direct Spray – At the typical application rate, accidental acute exposure scenarios lead to upper 

bound estimates of exposure for mammals ranging from 0.0254 mg/kg/event (first-order absorption 
of direct spray by a small mammal) to 2.18 mg/kg/event (100% absorption of direct spray by a small 
mammal). For birds, no exposure scenarios for direct spray are developed, as it is assumed that 
most birds will fly away during herbicide applications. 

Ingestion of Contaminated Vegetation or Prey - At the typical application rate, non-accidental 
acute exposure scenarios for sulfometuron methyl lead to upper bound estimates of exposure for 
mammals ranging from 0.208 mg/kg/event (consumption of a small mammal by a canid) to 31.1 
mg/kg/event (consumption of grass by a small mammal). For birds, estimates of exposure range 
from 0.247 mg/kg/event (consumption of a small mammal by a carnivorous bird) to 76.9 
mg/kg/event (consumption of short grass by a small bird).  
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Chronic exposure scenarios lead to upper bound estimates of exposure for mammals ranging 
from 0.0542 mg/kg/day (consumption of fruit by a large mammal) to 4.97 mg/kg/ day (consumption 
of short grass by a small mammal). For birds, estimates of exposure range from 0.104 mg/kg/ day 
(consumption of fruit by a large bird) to 12.3 mg/kg/ day (consumption of short grass by a small 
bird). 

Ingestion of Contaminated Water - At the typical application rate, accidental acute exposure 
scenarios for consumption of contaminated water lead to upper bound estimates of exposure for 
mammals ranging from 0.0539 mg/kg/event (large mammal) to 0.122 mg/kg/event (small mammal). 
For birds, estimates of exposure range from 0.0311 mg/kg/event (large bird) to 0.225 mg/kg/event 
(small bird).  

Scenarios of non-accidental acute exposure and chronic exposure(values in parentheses) for 
consumption of contaminated water lead to upper bound estimates of exposure for mammals 
ranging from 0.0000583 (0.000000204) mg/kg/event(day) (large mammal) to 0.000132 
(0.000000461) mg/kg/event(day) (small mammal). For birds, estimates of exposure range from 
0.0000336 (0.000000118) mg/kg/event(day) (large bird) to 0.000243 (0.000000849) 
mg/kg/event(day) (small bird). 

Ingestion of Contaminated Fish - Ambient water and fish are exposure pathways for 
sulfometuron methyl. Sulfometuron methyl may bioconcentrate to a small degree in the muscle and 
viscera of fish. The bioconcentration factor for fish is taken as 7 L/kg for chronic exposure scenarios. 

At the typical application rate, accidental acute exposure scenarios for consumption of 
contaminated fish lead to upper bound estimates of exposure for mammals ranging from 0.977 
mg/kg/event (large mammalian carnivore) to 1.41 mg/kg/event (canid). For birds, the estimated 
exposure of a fish-eating bird is 1.63 mg/kg/event. Non-accidental acute exposure scenarios lead to 
upper bound estimates of exposure for mammals ranging from 0.00106 mg/kg/event (large 
mammalian carnivore) to 0.00152 mg/kg/event (canid). For birds, the estimated exposure of a fish-
eating bird is 0.00177 mg/kg/event. Chronic exposure scenarios lead to upper bound estimates of 
exposure for mammals ranging from 0.0000037 mg/kg/day (large mammalian carnivore) to 
0.00000532 mg/kg/day (canid). For birds, the estimated exposure of a fish-eating bird is 0.00000618 
mg/kg/day. 

Terrestrial Invertebrates 
Direct Spray and Drift – No specific information on exposure to terrestrial invertebrates from 

direct spray or off-site drift of sulfometuron methyl is available in the SERA 2004c risk assessment. 
The application rate and the amount of drift will be the same as for plants (see below) and will 
determine the maximum dose that terrestrial invertebrates could be exposed to. 

Ingestion of Contaminated Vegetation or Prey - No specific information on exposure to 
terrestrial invertebrates from ingestion of contaminated vegetation or prey of sulfometuron methyl 
is available in the SERA 2004c risk assessment. It seems likely that the routes of exposure modeled 
for some other herbicides analyzed in this PEIR would be similar, with similar exposure levels. For 
those herbicides, four non-accidental acute exposure scenarios were developed for herbivorous 
insects consuming vegetation contaminated by herbicide residues. The highest anticipated dose was 
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to a small insect consuming broadleaf vegetation, followed by an insect consuming tall or short 
grass, and lastly, by a large insect consuming fruit. 

Contact with Contaminated Soil - Only limited data are available on the toxicity of sulfometuron 
methyl to microorganisms. The maximum detectable concentrations of sulfometuron methyl in clay 
soil averages from 0.27 ppm (mg/kg) (rainfall 10”) to 0.05 ppm (rainfall 100”). In loam soil, 
concentrations average 0.387 ppm (rainfall 10”) and 0.23 ppm (rainfall 100”) and in sandy soils, 
concentrations average 0.287 ppm (rainfall 10”) and 0.014 ppm (rainfall 100”) (SERA 2004c, Table 4-
2). 

Terrestrial Plants (Macrophytes) 
Direct Spray and Off-Site Drift - Unintended direct spray will result in an exposure level 

equivalent to the application rate. Estimates of off-site drift for broadcast and backpack applications 
of sulfometuron methyl are used in the SERA risk assessment. At the typical application rate of 
0.045 lb. a.e./acre in a broadcast application, drift is estimated to result in concentrations of 
sulfometuron methyl of 0.001575 lb./acre 25 feet from the application site to 0.000094 lb./acre 500 
feet from the application site, the furthest distance away where there is still a concern for toxicity to 
non-target, sensitive plant species. There is only minor concern for tolerant plants at up to 25 feet 
from the application site. A summary of both the exposure assessment and risk characterization for 
terrestrial plants from direct spray and off-site drift is in Worksheet G05 in FS WSM ver. 6.00.10. 

Runoff and Soil Mobility – Runoff of minor amounts of sulfometuron methyl following 
broadcast applications, at the typical application rate of 0.045 lb. a.i./acre, is estimated to begin 
occurring on clay soils at an annual rainfall rate of 15 inches (50 inches on loams and >250 inches on 
sand). Runoff is estimated to result in concentrations of sulfometuron methyl of 0.000756 lb. 
a.e./acre at 15 inches of rain to 0.01494 lb. a.e./acre at 100 inches. Adverse effects in sensitive 
species are plausible at an annual rainfall rate of 15 inches (100 inches for loam soils, with 
concentrations of 0.00039 lb. a.e./acre) and severe effects are likely at a rate of 100 inches. Runoff 
becomes problematic for tolerant species at a rainfall rate of 20 inches. A summary of both the 
exposure assessment and risk characterization for terrestrial plants from runoff is in Worksheet G04 
in FS WSM ver. 6.00.10. 

Various studies on runoff losses of sulfometuron methyl generally support the supposition that 
at least 1% could run off from the application site to adjoining areas after a moderate rain and up to 
50% could run off in the case of a heavy rain (200 inches), especially in an extremely heavy rain on a 
steep slope. Runoff will be negligible in relatively arid environments (5-20 inches annual rainfall) as 
well as in sandy or loam soils, but in regions of California with very high rainfall rates (100 inches), in 
clay soils, off-site loss may reach up to about 35% of the applied amount. 

Contaminated Irrigation Water - There are no studies in the literature addressing the impact of 
sulfometuron methyl in contaminated irrigation water, but since it is relatively mobile, 
contamination of ambient water may be anticipated. Based on the estimated concentrations of 
sulfometuron methyl in ambient water at the typical application rate of 0.045 lb. a.i./acre, the 
estimated functional application rate of sulfometuron methyl to the irrigated area is 0.0000102 lb. 
a.e./acre at an irrigation rate of 1 inch per day and 0.000408 lb. a.e./acre at an irrigation rate of 2 
inches per day. Relative to off-site drift and runoff, this level of exposure is inconsequential. A 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 181 

 

 

summary of both the exposure assessment and risk characterization for terrestrial plants from 
contaminated irrigation water is in Worksheet G06a in FS WSM ver. 6.00.10. 

Wind Erosion - Although no specific incidents of non-target damage from wind erosion have 
been encountered in the literature for sulfometuron methyl, this mechanism has been associated 
with the environmental transport of other herbicides. Wind erosion of minor amounts of 
sulfometuron methyl following broadcast applications, at the typical application rate of 0.045 lb. 
a.i./acre, is estimated to result in concentrations of sulfometuron methyl of 0.00000308 lb. a.e./acre 
at the central bound to 0.00000606 lb. a.e./acre at the upper bound. Relative to off-site drift and 
runoff, this level of exposure is inconsequential and well below a LOC for non-target, sensitive plant 
species. A summary of both the exposure assessment and risk characterization for terrestrial plants 
from wind erosion is in Worksheet G06b in FS WSM ver. 6.00.10. 

Aquatic Organisms 
At the typical application rate of 0.045 lb a.i./acre, the peak estimated rate of contamination of 

ambient water associated with the normal application of sulfometuron methyl is 0.010 (0.00006 to 
0.02) mg a.e./L, while the average estimated rate of contamination for longer-term exposures is 
0.00004 (0.00001 to 0.00007) mg a.e./L. sulfometuron methyl is highly soluble in water and is likely 
to dilute quickly. 

Triclopyr (Sources: FS WSM v. 6.00.10; SERA 2011d) 
Exposure values for the scenarios displayed below are summarized in the “G” series Worksheets in 
FS WSM ver. 6.00.10: for mammals (G01a), birds (G01b), honeybee (G09), and insects (G08a). For 
the analysis in this PEIR, exposure values for triclopyr have been computed for the typical 
application rate of 1 lb. a.e./acre. Triclopyr TEA and BEE appear to have similar effects on terrestrial 
organisms. 

By far the highest short-term acute exposures to triclopyr are associated with the consumption 
of contaminated grass by a small mammal (691 mg/kg bw/event) and a small bird (1,710 mg a.e./kg 
bw/event). The corresponding maximum chronic exposures are 164 mg/kg bw/day for a small 
mammal and 404 mg a.e./kg bw/day for a small bird. For both acute and chronic exposures, 
consumption of contaminated water leads to dose estimates far below those associated with 
consumption of contaminated vegetation. This pattern is common in many herbicide exposure 
assessments, reflecting the consequences of direct applications to vegetation. 

 

 

Terrestrial Mammals, Birds, Reptiles, and Amphibians (Terrestrial Phase) 
The highest exposures are associated with the consumption of contaminated grasses, and the 

lowest exposures are associated with the consumption of contaminated water. The exposure 
assessment for mammals is somewhat more detailed to encompass more diverse body weights. 
Larger mammals appear to be substantially more sensitive than smaller mammals to triclopyr, 
experiencing adverse effects at lower doses. As toxicity data on terrestrial phase amphibians are 
unavailable, exposure assessments for these organisms are not developed.  
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Direct Spray – At the typical application rate for triclopyr TEA and BEE (values in parentheses), 
accidental acute exposure scenarios lead to upper bound estimates of exposure for mammals 
ranging from 1.47 (4.28) mg/kg/event (first-order absorption of direct spray by a small mammal) to 
48.5 (48.5) mg/kg/event (100% absorption of direct spray by a small mammal). For birds, no 
exposure scenarios for direct spray are developed, as it is assumed that most birds will fly away 
during herbicide applications. 

Ingestion of Contaminated Vegetation or Prey - At the typical application rate for both 
formulations of triclopyr and TCP, non-accidental acute exposure scenarios lead to upper bound 
estimates of exposure for mammals ranging from 4.62 mg/kg/event (consumption of a small 
mammal by a canid) to 691 mg/kg/event (consumption of grass by a small mammal). For birds, 
estimates of exposure range from 5.49 mg/kg/event (consumption of a small mammal by a 
carnivorous bird) to 1,710 mg/kg/event (consumption of short grass by a small bird).  

Chronic exposure scenarios lead to upper bound estimates of exposure for mammals ranging 
from5.06 mg/kg/day (consumption of fruit by a large mammal) to 164 mg/kg/day (consumption of 
short grass by a small mammal). For birds, estimates of exposure range from 9.69 mg/kg/day 
(consumption of fruit by a large bird) to 404 mg/kg/day (consumption of short grass by a small bird). 

Fruit and short grass are the food items that define the upper and lower bounds of residue 
rates. They are not necessarily intended to be interpreted literally, but do encompass the range of 
triclopyr and TCP concentrations in food items likely to be consumed by a variety of mammals and 
birds.  

Ingestion of Contaminated Water – At the typical application rate, accidental acute exposure 
scenarios for both formulations of triclopyr and TCP for consumption of contaminated water lead to 
upper bound estimates of exposure for mammals ranging from1.18 mg/kg/event (large mammal) to 
2.66 mg/kg/event (small mammal). For birds, estimates of exposure range from 0.678mg/kg/event 
(large bird) to 4.90 mg/kg/event (small bird).  

Scenarios of non-accidental acute exposure and chronic exposure(values in parentheses) for 
triclopyr TEA for consumption of contaminated water lead to upper bound estimates of exposure 
for mammals ranging from 0.0155 (0.00388) mg/kg/event(day) (large mammal) to 0.0351 (0.00878) 
mg/kg/event(day) (small mammal). For birds, estimates of exposure range from 0.00896 (0.00224) 
mg/kg/event(day) (large bird) to 0.0647 (0.0162) mg/kg/event(day) (small bird). 

Scenarios of non-accidental acute exposure and chronic exposure(values in parentheses) for 
triclopyr BEE for consumption of contaminated water lead to upper bound estimates of exposure 
for mammals ranging from 0.00194 (0.00000453) mg/kg/event(day) (large mammal) to 0.00439 
(0.0000102) mg/kg/event(day) (small mammal). For birds, estimates of exposure range from 
0.00112 (0.00000261) mg/kg/event(day) (large bird) to 0.00809 (0.0000189) mg/kg/event(day) 
(small bird). 

Scenarios of non-accidental acute exposure and chronic exposure(values in parentheses) for 
TCP for consumption of contaminated water lead to upper bound estimates of exposure for 
mammals ranging from 0.00181 (0.000129) mg/kg/event(day) (large mammal) to 0.00410 
(0.000293) mg/kg/event(day) (small mammal). For birds, estimates of exposure range from 0.00105 
(0.0000747) mg/kg/event(day) (large bird) to 0.00755 (0.000539) mg/kg/event(day) (small bird). 
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For both acute and chronic exposures, contaminated water leads to dose estimates far below 
those associated with contaminated vegetation. The upper and lower bounds of the estimated 
concentrations of both triclopyr and TCP in surface water vary by several orders of magnitude (see 
Table 26 in SERA 2011d). Given this variability, it seems likely that a quantitative consideration of 
the variability in water consumption rates of birds and mammals would not have a substantial 
impact on the risk characterization. 

Ingestion of Contaminated Fish - Ambient water and fish are exposure pathways for triclopyr. 
As triclopyr has a low potential to bioconcentrate in fish, the bioconcentration factor for fish is 
taken as 0.83 L/kg for chronic exposure scenarios. 

At the typical application rate for both formulations of triclopyr and TCP, accidental acute 
exposure scenarios for consumption of contaminated fish lead to upper bound estimates of 
exposure for mammals ranging from 2.53 mg/kg/event (large mammalian carnivore) to 3.64 
mg/kg/event (canid). For birds, the estimated exposure of a fish-eating bird is 4.23 mg/kg/event. 

Non-accidental acute exposure scenarios for triclopyr TEA and BEE (values in parentheses), lead 
to upper bound estimates of exposure for mammals ranging from 0.0334 (0.00418) mg/kg/event 
(large mammalian carnivore) to 0.0481 (0.00601) mg/kg/event (canid). For birds, the estimated 
exposure of a fish-eating bird is 0.0558 (0.00698) mg/kg/event. Chronic exposure scenarios lead to 
upper bound estimates of exposure for mammals ranging from 0.00835 (0.00000974) mg/kg/day 
(large mammalian carnivore) to 0.012 (0.000014) mg/kg/day (canid). For birds, the estimated 
exposure of a fish-eating bird is 0.0000163 mg/kg/day. 

Non-accidental acute exposure scenarios for TCP lead to upper bound estimates of exposure for 
mammals ranging from 0.0039 mg/kg/event (large mammalian carnivore) to 0.00561 mg/kg/event 
(canid). For birds, the estimated exposure of a fish-eating bird is 0.00651 mg/kg/event. Chronic 
exposure scenarios lead to upper bound estimates of exposure for mammals ranging from 0.000278 
mg/kg/day (large mammalian carnivore) to 0.000401 mg/kg/day (canid). For birds, the estimated 
exposure of a fish-eating bird is 0.000465 mg/kg/day. 

Terrestrial Invertebrates 
Direct Spray and Drift - A summary of the exposure assessments and risk characterization for 

the honeybee for the scenarios of direct spray and drift of both formulations of triclopyr is in 
worksheet G09 in FS WSM ver. 6.00.10. Exposure from direct spray is shown for three scenarios 
(0%, 50%, and 90% foliar interception), none of which lead to a HQ above the LOC. The absorbed 
doses are 68.6, 34.3, and 6.9 mg/kg bw/event, respectively. The absorbed doses from spray drift 25 
feet from the application site are2.4, 1.2, and 0.24 mg/kg bw/event, respectively. 

Ingestion of Contaminated Vegetation or Prey - Four non-accidental acute exposure scenarios 
were developed for herbivorous insects consuming vegetation contaminated by residues of both 
formulations of triclopyr. For a large insect consuming fruit, the estimated dose at the typical 
application rate of 1.0 lb. a.e./acre, is 9.1 mg/kg bw/event (central bound) and 33 mg/kg bw/event 
(upper bound). For a small insect consuming broadleaf foliage, the estimated dose is 58.5 mg/kg 
bw/event (central) and 297 mg/kg bw/event (upper). For an insect consuming tall and short grass 
(the latter value in parentheses), the estimated dose is 46.8 (111) mg/kg bw/event (central) and 242 
(528) mg/kg bw/event (upper). 
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Contact with Contaminated Soil - Only limited data are available on the toxicity of triclopyr to 
microorganisms. No GLEAMS information was found in SERA 2011d specific to soil concentrations. 
Based on the GLEAMS modeling, triclopyr TEA may penetrate to about 36 inches in clay, loam, and 
sand. Because a 36-inch root zone was used in the GLEAMS modeling, the actual penetration in 
loam or sand could be greater than 60 inches. Triclopyr BEE is much less likely to penetrate into the 
soil column, with a maximum penetration of 24 inches occurring only in sandy soils, cool 
temperatures, and heavy rainfall. In relatively arid locations, the maximum penetration is estimated 
at 4-8 inches. 

Terrestrial Plants (Macrophytes) 
Direct Spray and Off-Site Drift - Unintended direct spray will result in an exposure level 

equivalent to the application rate. Estimates of off-site drift from broadcast ground applications of 
triclopyr TEA and BEE are calculated in the SERA 2011d risk assessment. At the typical application 
rate of 1 lb. a.e./acre, drift is estimated to result in concentrations of triclopyr of 0.035 lb./acre 25 
feet from the application site to 0.0177 lb./acre 50 feet from the application site, the furthest 
distance away where there is still a concern for toxicity to non-target, sensitive plant species. The 
modeled concentrations of off-site drift are not problematic for tolerant plants at any distance from 
the application site. A summary of both the exposure assessment and risk characterization for 
terrestrial plants from direct spray and off-site drift is in Worksheet G05 in FS WSM ver. 6.00.10. 

Runoff and Soil Mobility – As stated in SERA 2011d, p. 110: “The runoff for triclopyr TEA as a 
proportion of the application rate is taken as 0.00266 (0.00001 to 0.108) rounded to 0.0027 to 0.11. 
The central estimate and upper bound is taken directly from the Gleams-Driver modeling—i.e., the 
median and empirical upper 95% bound. The lower limit is the approximate lower bound for clay 
soils in areas with moderate to heavy rain. Although lower loss rates of 1x10-6 to 1x10-8 are 
plausible, they have no impact on the risk characterization. For triclopyr BEE, the rates, which are 
similarly derived, are much lower due to the binding of triclopyr BEE to soil—i.e., rates of 0.0006 
(2x10-7 to 0.046).” A summary of both the exposure assessment and risk characterization for 
terrestrial plants from runoff is in Worksheet G04 in FS WSM ver. 6.00.10. 

Based on the GLEAMS modeling, triclopyr TEA may penetrate to about 36 inches in clay, loam, 
and sand. Because a 36-inch root zone was used in the GLEAMS modeling, the actual penetration in 
loam or sand could be greater than 60 inches. Triclopyr BEE is much less likely to penetrate into the 
soil column, with a maximum penetration of 24 inches occurring only in sandy soils, cool 
temperatures, and heavy rainfall. In relatively arid locations, the maximum penetration is estimated 
at 4-8 inches. 

Contaminated Irrigation Water - Triclopyr is slightly mobile and contamination of ambient 
water is plausible. Based on the estimated concentrations of triclopyr in ambient water at the 
typical application rate of 1 lb. a.e./acre, the estimated functional application rate of triclopyr TEA, 
BEE, and TCP (values for BEE and TCP in parentheses) to the irrigated area is 0.00068 (BEE - 
0.0000906, TCP – 0.000204) lb. a.e./acre at an irrigation rate of 1 inch per day and 0.1087 (BEE - 
0.0136, TCP – 0.0127) lb. a.e./acre at an irrigation rate of 2 inches per day. Relative to off-site drift 
and runoff, this level of exposure is inconsequential, although at the highest rate of irrigation, 
adverse effects are plausible to sensitive plants. A summary of both the exposure assessment and 
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risk characterization for terrestrial plants from contaminated irrigation water is in Worksheet G06a 
in FS WSM ver. 6.00.10. 

Wind Erosion - Although no specific incidents of non-target damage from wind erosion have 
been encountered in the literature for triclopyr, this mechanism has been associated with the 
environmental transport of other herbicides. Wind erosion of minor amounts of both triclopyr TEA 
and BEE following broadcast applications, at the typical application rate of 1 lb. a.e./acre, is 
estimated to result in concentrations of triclopyr of 0.0000685 lb. a.e./acre at the central bound to 
0.000137 lb. a.e./acre at the upper bound. Relative to off-site drift and runoff, this level of exposure 
is inconsequential and well below a LOC for non-target, sensitive plant species. A summary of both 
the exposure assessment and risk characterization for terrestrial plants from wind erosion is in 
Worksheet G06b in FS WSM ver. 6.00.10. 

Aquatic Organisms 
The plausibility of effects on aquatic species is assessed based on estimated concentrations of 

triclopyr and TCP in water that are identical to those used in the human health risk assessment. At 
the typical application rate of 1 lb a.e./acre, the peak estimated rate of contamination of ambient 
water associated with the normal application of triclopyr TEA is 0.12 (0.000001 to 0.24) mg a.e./L, 
while the average estimated rate of contamination for longer-term exposures is 0.03 (0.0000000002 
to 0.06) mg a.e./L. Corresponding values for triclopyr BEE are 0.015 (0.00000015 to 0.03) mg a.e./L, 
while the average estimated rate of contamination for longer-term exposures is 0.000035 
(0.00000000002 to 0.00007) mg a.e./L. Corresponding values for TCP are 0.014 (0.00000001 to 
0.028) mg a.e./L, while the average estimated rate of contamination for longer-term exposures is 
0.001 (0.0000000000012 to 0.002) mg a.e./L. 

5.17.2.2.4  Dose-Response Assessment 
U.S. Forest Service risk assessments attempt to define dose-response relationships for all 

classes of organisms discussed in the hazard identification section, such as mammals, birds, reptiles, 
amphibians (terrestrial and aquatic phases), terrestrial and aquatic invertebrates and macrophytes, 
microorganisms, fish, and algae (SERA 2012). When there is enough acceptable data to permit doing 
so, sensitivity differences between species within each class are also considered in USDA/FS risk 
assessments for each chemical. Additional relationships are also evaluated, as specified below. 

Studies report toxicological effect results in several ways. For example, some studies are 
designed to identify acute hazards while determining the dose or concentration of a chemical that 
will cause death in an “X” percentage (i.e. most commonly 25% or 50%) of a defined experimental 
animal population over a specific observation period. When doses for such a study are administered 
through gavage, diet, or dermal methods, results are expressed as a “Lethal Dose” or LD. When 
aquatic organisms are exposed to chemically treated water, or terrestrial organisms are dosed 
through inhalation of chemically treated air for such a study, the results are recorded as “Lethal 
Concentration” or LC. The LD or LC is then followed by a subscripted percentage of lethality. Thus, if 
1,500 milligrams of a chemical (i.e. per kilogram of body weight) had been fed to a population of 
experimental rats and proved fatal to 50% of that population, the lethal dose would be LD50 = 1500 
mg/kg bw. However, if 1500 mg was the maximum dose tested in the study and the dose was not 
lethal to any rats, then the infinite lethal dose, LD50 >1500 mg/kg bw, would be assigned. Similarly, 
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sublethal effects may be recorded as “effect dose” or “effect concentration”, with a subscript 
percent to indicate the dose causing “X”% inhibition of a process. 

Results may also be recorded in terms of lowest-observed-adverse-effect-level or concentration 
(LOAEL or LOAEC), as well as by no-observed-adverse-effect-level or concentration (NOAEL or 
NOAEC). As implied, LOAEL values indicate the lowest dose an adverse effect occurred and, by 
contrast, the NOAEL is the lowest dose administered that did not result in an adverse effect. It 
should be noted that in some studies both the no-observed-effect-level or concentration 
(NOEL/NOEC) and associated LOEL and LOEC values are recorded. These values indicate any effect, 
though for all practical purposes these terms may be considered synonymous with respective 
NOAEL and NOAEC or LOAEL and LOAEC terms. In reference to wildlife, results reported using the 
terms “dose” and “level” generally refer to studies on terrestrial organisms, whereas results 
expressed as “concentration” are usually reserved for aquatic organisms. All such results that 
function to define the occurrence of toxicological effects, or lack thereof, are collectively referred to 
as endpoints.  

The USDA/FS predominantly utilizes five different methods to assess dose-response 
relationships. In order of increasing complexity, these methods include 1) Point Estimates and 2) 
Extreme Values (SERA 2012). Point estimates involve making use of only values that specifically 
evaluate for sublethal effects rather than just for lethality. Ideally, to establish point estimates, “the 
study should define both a NOAEL and a LOAEL and there should be reasonable confidence that the 
NOAEL involves endpoints that would not impair the ability of the organism to function normally 
over a short-term period” (SERA 2012, p. 98). In cases where LD50 or LC50 values are the only ones 
available, an LD50 is divided by 10 to estimate an NOAEL for mammals and birds, whereas an LC50 is 
divided by 20 to estimate an NOAEL for aquatic organisms. The extreme value method involves 
making use of a range of values that include a central estimate, with upper and lower bounds, for 
toxicity and exposures. This approach also applies when evaluating studies of the same taxonomic 
group to decide if the highest and lowest NOAEL values represent, respectively, the most tolerant 
and sensitive species.  

The next three methods commonly utilized in U.S. Forest Service risk assessments include: 3) 
Relative Potency, 4) Species Sensitivity Distributions, and 5) Allometric Relationships (SERA 2012). 
The relative potency method makes use of ratios for toxicity to calculate values for missing data. If a 
data set is complete for a tolerant species, for example including both acute and chronic endpoints, 
but only acute information is available for the sensitive species, the ratio of acute to chronic data 
for the sensitive species can be used to calculate an estimated chronic endpoint. Species sensitivity 
distributions are utilized when data are occasionally available to suggest more refined estimates in 
gradations of sensitivity within and among species. It should be noted that the dose differences 
between tolerant and sensitive species within the same class of organisms are often limited by how 
many species have been tested. Allometric relationships are those that relate body size or mass to 
any number of characteristics (i.e. anatomical, physiological, or pharmacological). One example of 
an allometric relationship applicable to this risk assessment is that larger mammals are more 
sensitive to adverse effects associated with triclopyr exposure than their smaller counterparts (SERA 
2011d). 
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Most toxicological endpoints applied in U.S. Forest Service risk assessments are typically those 
used by the U.S. EPA, which are obtained from registrant-submitted studies. These endpoints, 
however, are altered, supplemented or replaced in USDA/FS risk assessments when evidence 
warrants that changes are necessary. The USDA/FS apply endpoints used by the U.S. EPA whenever 
possible, though there are some distinct differences in how values are used, as discussed in SERA 
2012 (p. 97): “As in the human health risk assessment, the Forest Service will consider, discuss, and 
sometimes defer to dose-response assessments developed in ecological risk assessments developed 
by the U.S. EPA/OPP. Also as in the human health risk assessment, this approach avoids a 
duplication of effort, capitalizes on the substantial expertise of U.S. EPA/OPP, and decreases the size, 
complexity, and cost of Forest Service risk assessments. There are, however, important differences 
between the approach taken by U.S. EPA/OPP and the approach preferred by the Forest Service. The 
Forest Service prefers to use NOEC values for both acute and chronic exposures. This differs from the 
U.S. EPA/OPP which will base dose-response assessments for acute exposures on LC50 or EC50 values. 
Nonetheless, the Forest Service assessment will adapt (slightly modify) the methods used by U.S. 
EPA/OPP, as detailed further below, for data sets in which only LC50 or EC50 values are available.” 

As briefly mentioned above when discussing the five methods (relationships) utilized by the U.S. 
Forest Service, there are several ways that values reported by the U.S. EPA may be adapted in U.S. 
Forest Service risk assessments. The risk assessment for triclopyr (SERA 2011d) describes some 
examples of how these adaptations may be done with aquatic organism data. These modifications 
are also applicable to terrestrial organism results that are reported as NOAEL, LD50, and ED50 values: 

If NOAECs are not available, LC50 or EC50 values may be multiplied by 0.05 to 
approximate an NOAEC. This procedure is based on the U.S. EPA/OPP general 
approach of using LC50 or EC50 values with levels of concern (LOC) of 0.05 for the ratio 
of exposure to the LC50 or EC50 for endangered species (e.g., U.S. EPA/OPP 2009a, 
Appendix C). It should be noted that this is a very conservative approach, equivalent 
to treating all aquatic species as endangered species. 

As noted in several instances below, an intermediate approach can be taken to 
estimate NOAECs for sensitive and tolerant species. When there is not an NOAEC for 
the most sensitive or most tolerant species within a group of organisms, but there is 
either an LC50 or EC50 with a corresponding NOAEC for one or more other species in 
the group, the ratio of the available NOAEC to the available LC50 or EC50 can be used 
to estimate an NOAEC for the most sensitive or tolerant species.  

Few chronic NOAECs are available for any group of aquatic organisms. For some 
groups (e.g., algae), the lack of a chronic NOAEC is not a concern, because chronic is 
not meaningful in the context of exposure for organisms with very short lifespans. For 
fish and invertebrates, however, attempts are made to incorporate the very well-
documented variability in acute data into the chronic dose-response assessment. 
Consequently, acute-to-chronic ratios are developed for the species on which both 
acute and chronic toxicity data are available; furthermore, these ratios are used to 
estimate chronic NOAECs for sensitive and tolerant species. As detailed below, this 
approach is used only when it appears to be sensible given the available species-
specific data. (SERA 2011d, p. 118) 
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Endpoints are established in U.S. Forest Service dose-response assessments using a few more 
approaches. Values from one organism class may be applied to an organism from a different class, 
as a surrogate endpoint. If acute data for mammals and birds, for example, indicate that a chemical 
is equally toxic to each class of organism, but there is no chronic NOAEL established for birds, a rat 
NOAEL may be used as a surrogate endpoint, if all other data supports the assumption of 
equivalency. Additionally, in limited instances LOAEL or LOAEC may also be used in the absence of 
other, more conservative data. In cases when there is not enough data to support a dose response 
assessment using U.S. Forest Service methods, or data is limited for a class of organisms, qualitative 
information from available studies will be discussed in depth in the risk characterization section of 
the applicable risk assessment.  

This section of the PEIR analysis functions to summarize the endpoint values for class of 
organisms, by chemical. Endpoints for terrestrial organisms including mammals, birds, 
invertebrates, and plants (macrophytes) are disclosed in tables for each chemical when data is 
available (Tables 5.17.30 – 5.17.42). Likewise, each table also includes values for aquatic organisms, 
such as fish, amphibians, invertebrates, plants (macrophytes) and algae (microphytes). When 
information is available from U.S. Forest Service risk assessments, these tables also summarize test 
species (aka receptor), the form of active ingredient used in a study, and how the endpoints were 
derived or adapted. Any additional information particularly pertinent to dose-response values will 
be briefly paraphrased from U.S. Forest Service overviews in the dose-response section of each 
chemical. For information regarding studies evaluated, explanations regarding the choice of 
particular endpoints, or details regarding how chosen values were adjusted for USDA/FS risk 
assessments, consult the appropriate SERA risk assessments. For background information regarding 
SERA risk assessment methodology, refer to SERA 2012. For this PEIR, dose response values 
determined to be appropriate by the U.S. Forest Service are adopted without reservation, for similar 
reasons that the U.S. Forest Service opts to rely on information released by the U.S. EPA.  

After exposures are calculated in the exposure assessment (Section 5.17.2.2.3) and maximum 
doses that lack adverse effects are determined for each chemical in the dose-response assessment, 
risk will be evaluated in the risk characterization section, in part through the use of Hazard Quotient 
(HQ) values. A HQ is the ratio of an exposure level to a toxicity value and is analogous to the Risk 
Quotient (RQ) values used to assess risk to human health in U.S. EPA risk assessments. Both HQ and 
RQ values function to quantitatively express risk characterization. As with human risk studies, 
ecological risk studies used by the U.S. EPA are acceptable under specific guidelines and protocols 
for each organism being assessed for risk. For the human health assessment, NOEL, NOEC, or other 
toxicity values are divided by an uncertainty factor to derive a reference dose for each endpoint. By 
contrast, uncertainly factors are not used for ecological risk assessment. Instead, values are often 
used directly, or in some instances divided by factors to account for a level of concern (LOC) or an 
endangered species.  

5.17.2.2.4.1   Terrestrial Organisms 
For terrestrial organisms, the dose-response assessment is most complete for mammals and 

terrestrial plants. This is likely due to the direct applicability of mammal studies to human health 
risks, and to the chemicals evaluated in this PEIR being predominately used to alter terrestrial plant 
growth. Other terrestrial organisms often have little to no dose-response information available 
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relative to plants and mammals. Acceptable lifetime or chronic studies are seldom available for 
these other classes of terrestrial organism. Details regarding each class and the assumptions used by 
the U.S. Forest Service are summarized from each applicable chemical risk assessment, as well as 
SERA (2012). The latter document provides details of USDA/FS methodology. 

Mammals and Birds – The dose-response assessment for mammals is generally based on the 
same values used to derive reference doses (RfDs) in the human health dose response section. 
Typically, these data are on non-canine mammals, such as rats and rabbits, since dogs are unable to 
excrete weak acids to the same extent and thus are often more severely affected than most other 
mammals. When considering the comparability of different types of mammalian and avian studies, 
gavage application methods tend to produce greater toxicological effects compared to dietary 
ingestion of a chemical. When available, results from dietary studies are usually preferred over 
those involving gavage applications. This is in part because gradual intake through consumption of 
food is most ecologically relevant in most cases.  

Reptiles and Amphibians (Terrestrial Phase) – The U.S. EPA does not require standard toxicity 
studies on reptiles or terrestrial-phase amphibians. Currently, no information is available regarding 
toxicity to reptiles for any of the chemicals proposed in the PEIR. If no acceptable studies are 
available for risk characterization for terrestrial-phase amphibians, no formal dose-response 
assessment is developed. Information regarding terrestrial phase amphibians is very limited and 
contributes most to dose-response assessment of aquatic phase amphibians. Thus, all information 
regarding amphibian exposure is discussed under the aquatic section for each chemical in this PEIR. 

Terrestrial Invertebrates – Acute toxicity values from honey bees are often used as surrogate 
values for other terrestrial insects. Given the numerous species of terrestrial invertebrates, the use 
of this single acute toxicity value on a single species obviously leads to uncertainty in the risk 
assessment. U.S. Forest Service risk assessments also attempt to characterize risks to terrestrial 
invertebrates from the consumption of contaminated vegetation following broadcast applications 
(i.e., direct spray). The results of oral toxicity studies in honeybees are typically used to assess risks 
associated with this scenario (SERA 2011c). Results of contact toxicity studies in honeybees are 
often used as surrogate toxicity values to characterize risks to herbivorous insects from the 
consumption of contaminated vegetation (SERA 2011c). Most honeybee results are reported in 
units of μg chemical/bee, and in USDA/FS risk assessments that value is divided by the average 
honeybee body weight (bw) of 116 mg to convert the result into units of mg/kg bw for risk 
characterization.  

Terrestrial Plants (Macrophytes) – The assessment of potential effects in plants is based on 
standard toxicity studies required for pesticide registration, involving pre-emergence and post-
emergence exposures. All of the herbicides are designed to adversely affect specific plant 
physiological processes in specific ways. Each herbicide is targeted to specific plant groups, as 
specified on the herbicide labels. Non-targeted plant groups will generally experience fewer adverse 
effects than those that are targeted. To assess the potential consequences of exposures to 
nontarget plants via transport of runoff or sediment or through direct soil treatment, the values 
reported from seedling emergence (pre-emergence application) bioassays are used (USDA/FS 
2006a). To assess the impact of drift (accidental direct spray) on nontarget terrestrial vegetation, 
the values reported from the post-emergent (vegetative vigor) bioassays are used (USDA/FS 2006a). 
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Terrestrial Microorganisms - For the purposes of this risk assessment, terrestrial 
microorganism refers to terrestrial bacteria, fungi and in some cases heterotrophic algae and green 
algae. Given the limited testing done to evaluate toxicological effect of proposed chemicals on such 
organisms, little specific endpoint data will be presented in tables, but instead a brief summary will 
be included in this subsection for each chemical, when information is available. 

5.17.2.2.4.2   Aquatic Organisms 

For some aquatic species, as well as other groups of organisms, sensitive life-stage studies are 
often available. Such studies include egg-and-fry studies in fish and life-cycle toxicity studies in 
Daphnia magna, both of which are typically required by the U.S. EPA for the registration of 
herbicides. U.S. EPA toxicity categories assigned to aquatic species are as portrayed in Table 5.17.25, 
with the same caveats regarding the limitations of applying data from surrogate species tested in 
controlled situations to wild populations (see Section 5.17.2.2 and SERA 2005, p. xviii). Note that 
variation in toxicity values for aquatic species may be based more on the conditions of exposure, 
particularly the pH of water, than on differences between species (SERA 2011b). 

Fish - The three general types of relatively standardized studies most commonly used by the 
U.S. Forest Service, which follow standard U.S. EPA study protocols, include acute toxicity studies, 
egg-and-fry studies, also referred to as early lifestage studies, and full life cycle studies (SERA 2012, 
p. 4-8). There is also extensive open source literature available on fish species that is consulted as 
needed for U.S. Forest Service risk assessments. 

Amphibians (Aquatic Phase) –While studies are not required by the U.S. EPA at this time, the 
U.S. Forest Service uses the following approach to evaluating risks of chemical exposure to 
amphibians: Because of the relative sparsity of data available on toxic effects to amphibians and the 
high level of concern with effects on amphibians because they may be good indicator species, any 
available information on effects to amphibians are typically reviewed in some detail. If the data are 
sufficient, these data are used in the dose-response assessment (SERA 2012, p. 4-8). See also the 
“Reptiles and Amphibians” section above. 

Aquatic Invertebrates – As stated in SERA (2012 p. 4-8): Many aquatic invertebrates are 
relatively simple organisms to culture and test in aquatic toxicity studies, and standard acute toxicity 
protocols from U.S. EPA/OPPTS (2005) are available on a number of invertebrate species: daphnids 
(OPTTS 850.1010), gammarids (OPTTS 850.1020), oysters (OPTTS 850.1025), mysid shrimp (OPTTS 
850.1035), penaeid shrimp (OPTTS 850.1045), and several species of bivalves (OPTTS 850.1055). 
These tests are similar in design to acute toxicity studies in fish (Section 4.1.3.1), although some may 
involve somewhat shorter periods of exposure – e.g., the daphnid study typically only lasts for 48 
hours. 

Aquatic Plants (Algae and Macrophytes) – As stated in SERA (2012 p. 4-9): Aquatic plants 
comprise both macrophytes (large multicellular plants) and algae (small microscopic plants). 
Bioassays in aquatic algae typically involve freshwater green alga (Selenastrum capricornutum or 
Raphidocelis subcapitata), a freshwater diatom (Navicula pelliculosa), a marine diatom 
(Skeletonema costatum), and a blue-green alga or cyanobacterium (Anabaena flos-aquae). 
Bioassays on macrophytes typically use a species of duck weed (e.g., Lemna gibba). The duration of 
exposure for algae is typically 48-hours and the duration for duckweed is typically about 7-days. 
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Both types of studies measure growth (either as cell count or gross weight) and express results as 
effective concentrations (e.g., EC50) rather than lethal concentrations (e.g., LC50). As with most other 
types of bioassays, the studies often report NOEC and LOEC values, and NOEC values are typically 
used in the dose-response assessment.  

Aquatic Microorganisms – The assessment of aquatic microorganisms is the same as for 
terrestrial microorganisms, except that algae are included in the assessment for aquatic plants. 

5.17.2.2.4.3   Chemical-Specific Dose-Response Assessment 
2,4-D (Sources: FS WSM ver. 6.00.10; USDA/FS 2006a) 

2,4-D esters and salts are considered separately for terrestrial plants and aquatic organism on 
the basis of differences in solubility. Dose-response endpoints are summarized in Table 5.17.30 for 
2,4-D acids and salts and Table 5.17.31 for esters of 2,4-D. Dose response assessments are 
supported for eight classes of organisms in the U.S. Forest Service risk assessment for 2,4-D: 
terrestrial mammals, birds, terrestrial invertebrates, terrestrial macrophytes, fish, aquatic 
invertebrates, aquatic algae, and aquatic macrophytes.  

2,4-D acid, salts and esters often have comparable levels of toxicity towards terrestrial 
organisms, though there are exceptions relating to canines and plants. 2,4-D acid, salts, and esters 
are toxic to aquatic animals, with esters having greater toxicity than 2,4-D acid and salts. 2,4-D 
esters convert rapidly to 2,4-D acid; consequently acute toxicity is considered only for aquatic 
organisms exposed to 2,4-D esters. The chronic toxicity of 2,4-D esters is presumed to be covered by 
the assessments for chronic toxicity to 2,4-D acid. 

Mammals and Birds - Evidence suggests that different forms of 2,4-D effect terrestrial 
mammals and birds equally. However, findings from acute and chronic toxicity studies suggest that 
mammals are more sensitive to 2,4-D than birds. Dogs appear to be more sensitive to 2,4-D 
exposure than other mammals, because canines are enable to excrete organic acids as efficiently. 

Terrestrial Invertebrates - Honeybee data is used to represent contact toxicity for this class of 
organisms, though some evidence suggests parasitic wasps may be more sensitive to 2,4-D. 

Terrestrial Plants (Macrophytes) – All forms of 2,4-D act on terrestrial plants by inhibiting seed 
germination. Evidence suggests that direct spray and soil (i.e. pre-emergence) applications of 2,4-D 
acid or salt forms are toxic to plants to an equivalent extent, whereas 2,4-D ester seems to be more 
toxic following direct spray application, when compared to pre-emergent soil applications.  

Terrestrial and Aquatic Microorganisms – No formal dose-response assessment was completed 
for either group of microbes due to a lack of acceptable studies. Available studies will be used to 
qualitatively assess these organisms in the risk characterization section. In regards to terrestrial 
organisms, some unicellular heterotrophic algae respond to 2,4-D exposure with decreases in cell 
numbers, fresh weight, dry weight, and starch content at concentrations ranging from 0.0221 to 
0.442 mg/L, while others do not respond to 2,4-D exposure. Algae living in the soil respond to 2,4-D 
in almost the same manner as aquatic algae; low concentrations of 2,4-D (0.0221 mg/L) can be 
stimulatory; however, high concentrations (0.221 mg/L) retard growth and increase mortality. 
Concentrations of 2,4-D greater than 1000 mg/L significantly reduced the radial growth of three 
species of ectomycorrhizal fungi. 
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Fish – Acid and salts of 2,4-D are less toxic than esters to fish species. With regard to 2,4-D acid 
and salts, the acute LC50 values for sensitive and tolerant fish vary by a factor of about 9, whereas 
they vary by a factor of 92.7 for 2,4-D esters. 

Amphibians – In acute toxicity studies of 2,4-D acid, toads were less tolerant than leopard 
frogs. This finding is also applicable to salts of 2,4-D. Only one acute study was available to evaluate 
toxicity of 2,4-D ester in frog tadpoles, and no data was available for chronic exposure to any form 
of 2,4-D. 

Aquatic Invertebrates – As with other aquatic organisms, salts of 2,4-D are less toxic than 
esters for aquatic invertebrates. The acute toxicity of 2,4-D acid ranges from 25 to 1389 mg/L, 
varying by a factor of about 55, and this variation in acute sensitivity is even more pronounced for 
esters of 2,4-D (0.092 to 66 mg/L), varying by  a factor of nearly 720. The chronic data available on 
2,4-D acid and salts are not concordant with the acute data on aquatic invertebrates and the reason 
or reasons for the lack of concordance are not apparent. Both freshwater and salt-water species 
were tested and the range of sensitivities between saltwater and freshwater species appears to be 
comparable. 

Aquatic Plants (Algae and Macrophytes) - The sensitivity of aquatic algae to 2,4-D is equal to 
that of fish and aquatic invertebrates, with 2,4-D acid and salts being less toxic than esters. Aquatic 
macrophytes are more sensitive to 2,4-D exposure than algae, without any clear trend of one form 
being more toxic than any other. 
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Table 5.17.30  
Ecological Endpoints for 2,4-D Acid and Salts 

  
Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute NOAEL = 1.1 mg/kg bw 

dog, DMA salt, (derived from: 1.3 
mg DMA-4/kg/day x a.e. factor 

0.831) 

Chronic NOAEL = 1.0 mg/kg bw/day dog, 2,4-D acid 

Medium  
mammals 

Acute NOAEL =25 mg/kg bw rat, 2,4-D acid 

Chronic NOAEL = 5 mg/kg bw/day rat, 2,4-D acid 

Small mammals 
Acute N/A 

No data available  
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds 

Acute LD50 = 415 mg/kg bw bobwhite quail, DMA salt, gavage 
study 

Chronic NOAEL = 76 mg/kg bw/day 
bobwhite quail, 2,4-D acid, dietary 

reproduction study (converted 
from: NOAEC of 962 ppm) 

Terrestrial 
Invertebrates Acute contact NOAEL = 1075 mg/kg 

bw 
honey bee (converted from: 100 

ug/bee) 

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive spp. NOAEC = 0.0093 lb/acre mustard, DMA salt 

tolerant spp.  NOAEC >4.2 lb/acre tomato, 2,4-D acid 

Vegetative 
vigor 

sensitive spp. LOAEC = 0.0075 lb/acre onion, 2,4-D acid 

tolerant spp. NOAEC = 2.1 lb/acre corn, 2,4-D acid 

Fish 

Acute 
sensitive spp.  LC50 = 96.5 mg/L carp, 2,4-D acid at 20°C 

tolerant spp. LC50 >830 mg/L rainbow trout, bluegill, DMA salt 

Chronic 
sensitive spp. NOAEC = 19 mg/L approximate for carp, 2,4-D acid [1] 

tolerant spp. NOAEC = 63.4 mg/L flathead minnow, 2,4-D acid 

Amphibians 

Acute 
sensitive spp. LD50 = 8.05 mg/L toad (Bufo melanosticus), 2,4-D acid 

tolerant spp. LD50 = 359 mg/L leopard frogs (Rana pipiens), 2,4-D 
acid 

Chronic 
sensitive spp. N/A 

No data available  
tolerant spp. N/A 

Aquatic 
invertebrate 

Acute 
sensitive spp.  LC50 = 25 mg/L water flea (Daphnia magna), 2,4-D 

acid 
tolerant spp.  LC50 = 1,389 mg/L crayfish, 2,4-D acid 

Chronic 
sensitive spp. NOEC = 16.05 mg/L water flea (Daphnia magna), 

diethanolamine salt of 2,4-D 

tolerant spp. NOEC = 75.7 mg/L water flea (Daphnia magna), 2,4-D 
acid 
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Aquatic Plants 
(Macrophytes) 

Acute  

sensitive spp. EC25 = 0.005 mg/L 
water milfoil (Myriophyllum 

sibiricum), 2,4-D acid, 14-day  
exposure 

tolerant spp. NOAEC = 2.0 mg/L 
sago pondweed (Potamogeton 

pectinatus), DMA salt: exposed for 
24 hours, observed 35 days 

Chronic sensitive/ 
tolerant spp. N/A No data available  

Aquatic Algae 
(Microphytes) 

sensitive spp. NOAEC = 1.41 mg/L freshwater diatom (Navicula 
pelliculosa), DMA salt 

tolerant spp.  NOAEC = 56.32 mg/L blue-green algae (Anabaena flos 
aquae), DMA salt 

All endpoints are in terms of a.e. DMA = dimethylamine salt of 2,4-D, ED/C = Effect Dose/Concentration, EHE = 2-ethylhexyl ester, LD/C = 
Lethal Dose/Concentration, LOEL = lowest-observed-effect-level, N/A =  Not Applicable, NOAEL/C = no-observed-adverse-effect-
level/concentration. [1] The chronic endpoint for fish was calculated by “dividing the fathead minnow acute LC50 for 2,4-D acid (320 mg 
a.e./L) by the fathead minnow early life-stage NOAEC for 2,4-D acid (63.4 mg a.e./L), yields a ratio of 5. Dividing the carp LC50 of 96.5 mg 
a.e./L by the acute-chronic ratio of 5” gives an estimate for the chronic NOAEC of 19 mg a.e./L for carp.  
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Table 5.17.31  
Ecological Endpoints for 2,4-D Esters 

  
Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute NOAEL = 1.1 mg/kg bw same as 2,4-D acid and salts 

Chronic NOAEL = 1.0 mg/kg bw/day same as 2,4-D acid and salts 

Medium  
mammals 

Acute NOAEL = 25 mg/kg bw same as 2,4-D acid and salts 

Chronic NOAEL = 5 mg/kg bw/day same as 2,4-D acid and salts 

Small mammals 
Acute N/A 

No data available  
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds 
Acute LD50 = 415 mg/kg bw same as 2,4-D acid and salts 

Chronic NOAEL = 76 mg/kg bw/day same as 2,4-D acid and salts 

Terrestrial 
Invertebrates Acute contact NOAEL = 1075 mg/kg 

bw same as 2,4-D acid and salts 

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive spp. NOAEC = 0.045  lb/acre radish, EHE  (EC25 used as NOAEC) 
tolerant spp. NOAEC > 0.96  lb/acre tomato, EHE 

Vegetative 
vigor 

sensitive spp. NOAEC = 0.0075 lb/acre soybean, EHE 
tolerant spp. NOAEC > 0.96 lb/acre corn, EHE 

Fish 
Acute 

sensitive spp. LC50 =0.1564 mg/L tidewater silverside, EHE 
tolerant spp. LC50 =14.5 mg/L rainbow trout 

Chronic 
sensitive spp. N/A Not applicable due to rapid 

degradation of esters to 2,4-D acid tolerant spp. N/A 

Amphibians 
Acute 

sensitive spp. 
LC50 = 0.505 mg/L leopard frog tadpoles (Rana 

pipiens), EHE tolerant spp. 

Chronic 
sensitive spp. N/A Not applicable due to rapid 

degradation of esters to 2,4-D acid tolerant spp. N/A 

Aquatic 
invertebrate 

Acute 
sensitive spp. LC50 = 0.092 mg/L grass shrimp (Palaemonetes pugio), 

EHE 
tolerant spp. LD50 > 66 mg/L scud (Gammarus fasciatus), BEE 

Chronic 
sensitive spp. N/A Not applicable due to rapid 

degradation of esters to 2,4-D acid tolerant spp. N/A 

Aquatic Plants 
(Macrophytes) 

Acute  
sensitive spp. EC25 = 0.005 mg/L Values from acid used 
tolerant spp. NOAEC = 2.0 mg/L Values from DMA salt used 

Chronic sensitive/ 
tolerant spp. N/A Not applicable due to rapid 

degradation of esters to 2,4-D acid 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 196 

 

 

Aquatic Algae 
(Microphytes) 

sensitive spp. NOAEC = 0.062 mg/L marine diatom (Skeletonema 
costatum), EHE 

tolerant spp. NOAEC = 2.48 mg/L green algae (Selanastrum 
capricornutum), EHE 

All endpoints are in terms of a.e. DMA = dimethylamine salt of 2,4-D, ED/C = Effect Dose/Concentration, EHE = 2-ethylhexyl ester, LD/C = 
Lethal Dose/Concentration, N/A =  Not Applicable, NOAEL/C = no-observed-adverse-effect-level/concentration.  

Borax (Sources: FS WSM ver. 6.00.10; SERA 2006a) 
Dose-response endpoints for borax are summarized in Table 5.17.32. Dose response 

assessments are supported for ten classes of organisms in the U.S. Forest Service risk assessment 
for borax: terrestrial mammals, birds, non-target terrestrial invertebrates, terrestrial macrophytes, 
fish, aquatic invertebrates, amphibians, aquatic macrophytes, algae, and aquatic microorganisms.  

There is relatively little difference in acute toxicity values between fish and aquatic 
invertebrates. For chronic exposures, however, fish appear more sensitive than aquatic 
invertebrates to boron exposure. 

Mammals and Birds - Borate compounds are relatively non-toxic to mammals and birds. For 
mammals, the toxicity values used in the ecological risk assessment are identical to those used in 
the human health risk assessments: the 95% lower bound on the dose corresponding to the 
benchmark response (BMR) level, i.e., the BMDL05, of 10.3 mg B/kg/day (the critical dose) for 
decreased fetal body weight. The acute NOAEL for birds was taken at the highest dose given during 
a 5-day dietary study, as no clinical signs of toxicity occurred. For chronic exposure of birds, the 
limited data available suggest that longer-term exposure to boron compounds can cause testicular 
toxicity in avian species. However, the available studies did not rigorously investigate the potential 
for boron compounds to produce testicular toxicity. Therefore, the mammalian critical dose of 10.3 
mg B/kg/day will be used to characterize the risk of chronic exposure to boron compounds in birds. 

Terrestrial Invertebrates – A honey bee study that evaluated mortality relative to a single 
contact was used as a NOAEL for this class of organism. 

Terrestrial Plants (Macrophytes) - Boron is known to be an essential element for plants, though 
data specifically evaluating the effects of borax on seedling emergence and vegetative vigor are 
limited. It is likely that a wider range of plant sensitivity exists.  

Terrestrial and Aquatic Microorganisms – No formal dose-response assessment was completed 
for terrestrial microbes due to a lack of acceptable studies. Available microbe studies will be used to 
qualitatively assess these organisms in the risk characterization section. In terms of terrestrial 
organisms, borax is used as an anti-fungal treatment, so some soil microbes could be affected by 
borax exposure, though such data is limited. For aquatic microorganisms, the NOAEC values of 0.3 
mg B/L and 291 mg B/L are used to assess the consequences of both acute and longer-term 
exposures for sensitive and tolerant species of aquatic microorganisms. 

Fish - In fish the range of NOAEC values is relatively narrow, with the difference between 
sensitive and tolerant species being only 0.05 ppm (1.0 - 0.5 ppm). 
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Table 5.17.32 
Ecological Endpoints for Borax 

      Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute N/A 

No data available  
Chronic N/A 

Medium  mammals 

Acute NOAEL = 10.3 mg B/kg bw chronic endpoint is surrogate 

Chronic adjusted NOAEL = 10.3 mg B/kg 
bw/day rat, borates 

Small mammals 
Acute N/A 

No data available  
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds 
Acute NOAEL = 136 mg B/kg bw bobwhite quail, borax 

Chronic surrogate NOAEL = 10.3 mg B/kg 
bw/day 

rats, borates; based on a benchmark response 
(BMR) level and used as the critical dose. 

Terrestrial 
Invertebrates Acute single contact NOAEL = 677 mg 

B/kg bw 
honey bees, boric acid, for mortality; also used 

as a surrogate for herbivorous insects 

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive spp.  NOAEC = 5 B/kg soil potato, boric acid 

tolerant spp. NOAEC = 20  B/kg soil sugar beet, boric acid 

Vegetative 
vigor 

sensitive spp. N/A seedling emergence values are equivalent, as 
the only method of application is direct stump 

application for borax  tolerant spp. N/A 

Aquatic 
Microorganism 

sensitive spp. NOEC =0.3 mg/L Entosiphon sulfacum, a flagellate 
tolerant spp. NOEC =291 mg/L Pseudomonas putida 

Fish 

Acute 
sensitive spp.  LC50 = 233 mg B/L razorback sucker swimup fry, boric acid 

tolerant spp.  LC50 > 1,100 mg B/L rainbow trout, boric acid 

Chronic 
sensitive spp. NOAEC = 0.5 mg B/L goldfish, borax 

tolerant spp. NOAEC = 1 mg B/L  rainbow trout /channel catfish, borax 

Amphibians 

Acute 
sensitive spp. 

NOAEC = 1.0 mg B/L leopard frog larvae, borax, NOAEC = 1.0, 
sensitive vs. tolerant species not identified tolerant spp. 

Chronic 
sensitive spp. N/A No chronic exposure studies were identified or 

surrogate values in the risk assessment; chronic 
NOAEC values were listed in FS WSM tolerant spp. N/A 

Aquatic invertebrate 

Acute 
sensitive spp. LC50 = 133 mg B/L Daphnia magna, boric acid 

tolerant spp. LC50 = 1,376 mg B/L Chironomas decorus, freshwater midge,  borax 

Chronic 

sensitive spp. NOEC = 6.0 mg/L Daphnia magna, boric acid 

tolerant spp. surrogate NOEC = 61.8 mg/L 
Chironomas decorus, midges are more tolerant 
than daphnids by a factor of 10.3 (1,376/133) 

[derived by daphnid NOAEC of 6 mg B/L x 10.3] 

Aquatic Plants 
(Macrophytes) Acute  sensitive spp. EC50 = 5 mg/L water milfoil and waterweed, boric acid, 21-day 

study 
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Amphibians – To characterize acute risk in amphibians, only a single study in leopard frog 
larvae is used. Appropriate chronic data is lacking. 

Aquatic Invertebrates – Unlike in fish, the dose range for sensitivity of aquatic invertebrates is 
much wider, with a difference of about 55 mg B/L (61.8 – 6 mg B/L).  

Aquatic Plants (Algae and Macrophytes) – Sensitivity of algae ranged from 10 to 20.3 mg B/L. 
These sensitive and tolerant concentrations were applied to both short and long-term 
concentrations due to the short lifespan of individual algal cells. For aquatic macrophytes, 21-day 
exposure studies yield a range of values from 5 to 10 mg B/L. These values will be used to assess 
acute exposure risk to sensitive and tolerant aquatic macrophytes.  

Clopyralid (Sources: FS WSM ver. 6.00.07 & 6.00.10; SERA 2004a) 
Dose-response endpoints for clopyralid are summarized in Table 5.17.33. Dose response 

assessments are fully supported for a few classes of organisms in the U.S. Forest Service risk 
assessment for clopyralid: terrestrial mammals, terrestrial macrophytes, fish, aquatic invertebrates, 
amphibians, aquatic macrophytes, algae, and aquatic microorganisms. There is only acute data for 
several classes, such as birds, bees, fish, aquatic macrophytes and algae. Currently, there is a lack of 
data regarding toxicological effects of clopyralid on amphibians.  

Mammals and Birds – A comparison of gavage studies between mammals and birds suggest 
that birds may be more sensitive than mammals by a factor of about 3. However, based on a 
comparison of short-term dietary NOAELs, birds appear to be somewhat less sensitive, with an 
acute dietary NOAEL of about 670 mg/kg/day, a factor of about 9 above the acute NOEL of 75 
mg/kg/day for mammals. These more ecologically relevant dietary NOAEL values are those chosen 
for dose response. No chronic toxicity studies have been completed in birds at dosages as high as 
the chronic NOAEL of 15 mg/kg/day for rats, which are used as a surrogate for chronic exposure of 
birds. 

Terrestrial Invertebrates – Values relating to honey bee exposure are used to represent the 
effects clopyralid may have on terrestrial invertebrates.  

Terrestrial Plants (Macrophytes) - Clopyralid is more toxic to broadleaf plants than to grains or 
grasses and is more toxic in post-emergence applications (i.e., foliar spray) than pre-emergence 
applications (i.e., soil treatment). For assessing the potential consequences of exposures to 
nontarget plants via runoff, the NOEC values for seed emergence are used for sensitive species 
(0.025 lb a.e./acre) and tolerant species (0.5 lb a.e./acre). For assessing the impact of drift, 

tolerant spp. EC50 = 10 mg/L water buttercup, boric acid,  21-day study 

Chronic sensitive/ 
tolerant spp. N/A No data available  

Aquatic Algae 
(Microphytes) 

sensitive spp. NOEC = 10 mg/L green alga, (Scenedesmus subpicatus), 
unspecified chemical spp. of boron 

tolerant spp. NOEC = 20.3 mg/L blue-green alga, (Microcystis aeruginosa), 
unspecified chemical spp. of boron 

All endpoints are in terms of a.i. ED/C = Effect Dose/Concentration, LD/C = Lethal Dose/Concentration, N/A =  Not Applicable, NOAEL/C = no-observed-
adverse-effect-level/concentration.  
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bioassays on vegetative vigor are used, with NOEC values of 0.0005 lb/acre for sensitive species and 
0.5 lb/acre for tolerant species. 

Terrestrial and Aquatic Microorganisms – No formal dose-response assessment was completed 
for terrestrial or aquatic microbes due to a lack of acceptable studies. Available terrestrial microbe 
studies will be used to qualitatively assess these organisms in the risk characterization section. A 
NOEC for soil microorganisms was established for clopyralid at concentrations of 10 ppm, based on 
effects relating to nitrification, nitrogen fixation, and degradation of carbonaceous material. As 
discussed further in Section 4.4, this NOEC is much higher than anticipated for concentrations of 
clopyralid in soil. 

Fish - No chronic studies, or even long-term studies, on fish egg- and-fry have been 
encountered. The dose-response assessment uses admittedly limited data, suggesting that at least 
some fish species may be more sensitive to clopyralid than daphnids. The chronic value for tolerant 
species was adopted directly from the daphnid study. 

Amphibians – Neither the published literature nor the U.S. EPA files include data regarding the 
toxicity of clopyralid to amphibian species. No formal dose-response assessment was completed for 
amphibians due to a lack of acceptable studies. 

Aquatic Invertebrates – A limited dataset may indicate that daphnia may be more tolerant than 
some fish species. 

Aquatic Plants (Algae and Macrophytes) - For sensitive aquatic plants, risk is characterized 
using the lowest reported EC50 of 6.9 mg a.e./L. Conversely, for tolerant aquatic plants, the highest 
reported EC50 of 449 mg/L is used. The available data on aquatic plants are not sufficient to support 
separate dose-response assessments for macrophytes and algae. 
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Table 5.17.33 
Ecological Endpoints For Clopyralid 

      Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute N/A Dog studies resulted in inconsistent results; no canine 

endpoints established Chronic N/A 

Medium  mammals 
Acute NOAEL = 75 mg/kg bw rat, 11-day gavage study 

Chronic NOAEL = 15 mg/kg 
bw/day rat, 2-year dietary study 

Small mammals 
Acute N/A 

No data available  
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds 

Acute NOAEL = 670 mg/kg 
bw 

quail and ducks, 5-day dietary studies [NOAEL rounded 
from 696 mg/kg/day] 

Chronic surrogate NOAEL = 15 
mg/kg bw/day 

No lifetime toxicity studies in birds, and thus the 
chronic mammal exposure NOAEL is applied, surrogate 

is a 2-year dietary study with rats 

Terrestrial Invertebrates Acute NOAEL = 909 mg/kg 
bw honey bee (Apis mellifera) 

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive spp. NOEC = 0.025 lb/acre soy bean 
tolerant spp. NOEC = 0.5 lb/acre several spp. 

Vegetative 
vigor 

sensitive spp. NOEC = 0.0005 lb/acre soybean, snap bean, tomato, sunflower 

tolerant spp. NOEC = 0.5 lb/acre barley, corn, radish, canola 

Fish 

Acute 
sensitive spp. LC50 = 103 mg/L rainbow trout, (Salmo gairdneri) clopyralid acid 

tolerant spp. LC50 = 1,645 mg/L rainbow trout, bluegill sunfish, and fathead minnows, 
clopyralid monoethanolamine salt 

Chronic 
sensitive spp. surrogate NOEC = 10 

mg/L 
no fish data [derived from daphnid study: 23.1 mg 

a.e./L divided by 2, then rounded to 1 significant digit] 

tolerant spp. NOEC = 23.1 mg/L no chronic fish studies, Daphnia value accepted 
directly  

Amphibians 

Acute 
sensitive spp. N/A 

No data available  
tolerant spp. N/A 

Chronic 
sensitive spp. N/A 

tolerant spp. N/A 

Aquatic invertebrate 
Acute 

sensitive spp. 
NOEC = 23.1 mg/L Daphnia magna, used from one existing study, which 

examined chronic exposure. Sensitivity was not 
specified 

tolerant spp. 

Chronic 
sensitive spp. 

NOEC = 23.1 mg/L 
tolerant spp. 

Aquatic Plants 
(Macrophytes) 

Acute  
sensitive spp. NOEC = 0.1 mg/L water milfoil (Myriophyllum sibiricum) and sago 

pondweed, (Potamogeton pectinatus) tolerant spp. NOEC = 0.1 mg/L 

Chronic sensitive/ 
tolerant spp. NOEC = 0.1 mg/L available data on aquatic plants are not sufficient to 

support dose-response assessments for macrophytes   
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Aquatic Algae 
(Microphytes) 

sensitive spp. EC50 = 6.9 mg/L green algae (Selanastrum capricornutum) 

tolerant spp. EC50 = 449 mg/L green alga 

All endpoints are in terms of a.e. ED/C = Effect Dose/Concentration,  LD/C = Lethal Dose/Concentration, N/A =  Not Applicable, NOAEL/C = 
no-observed-adverse-effect-level/concentration.  

 
Glyphosate (Sources: FS WSM v. 6.00.10; SERA 2011b; U.S. EPA. 2009c) 

As discussed in several sections, there are often substantial differences between the toxicity of 
some formulations that contain surfactants like POEA and those that do not, such as technical grade 
glyphosate, Accord, and Rodeo. While the available information does not permit formulation-
specific toxicity values, an attempt is made in the U.S. Forest Service risk assessment to discriminate 
between less toxic and more toxic formulations. For details regarding what and how formulations 
were categorized, see SERA 2011b. In general, formulations clearly identified as Low Toxicity are less 
toxic, while all other formulations are regarded as more toxic. 

For most ecological receptors, with the exception of plants, separate toxicity values can be 
derived for less and more toxic glyphosate formulations, as indicated in Tables 5.17-34 and Table 
5.17.35. The dose-response assessment for terrestrial plants assumes that the surfactants added to 
all formulations of glyphosate will result in equal efficacy among formulations. While less toxic 
formulations typically do not contain surfactants, labels on these formulations specify that 
surfactants must be added to the field solution prior to application. The surfactants added have the 
potential to be more toxic than the initial formulation, and thus may become the dominant 
toxicological concern, especially for aquatic species. The impact of using surfactants with less toxic 
formulations of glyphosate is discussed in the risk characterization. The dose-response assessments 
for the less toxic surfactants are based on the toxicity of glyphosate, salts of glyphosate, and the 
information on the toxicity of the less toxic formulations of glyphosate. 

Mammals and Birds – Whether evaluating more or less toxic formulations, chronic exposure to 
glyphosate appears to be somewhat more toxic to mammals than birds. For chronic toxicity, the 
difference between more and less toxic formulations is narrower for mammals (325 mg/kg bw/day) 
than for birds (960 mg/kg bw/day).  

Terrestrial Invertebrates – Studies indicate that more toxic formulations have a greater oral 
and contact exposure toxicity to honey bees than less toxic formulations, by factors of >3 and 2 
respectively.  

Terrestrial Plants (Macrophytes) – The glyphosate formulations are more toxic to plants than 
technical grade glyphosate. It is reasonable to assume that the increased toxicity is attributable to 
the surfactants in the formulations. The dose-response assessment for terrestrial plants assumes 
that the surfactants added to all formulations result in equal efficacy among formulations. No 
distinction is made between less toxic and more toxic surfactants, and the assessment is based only 
on the toxicity data involving glyphosate formulations. Foliar exposures in the range of 0.7 lbs/acre 
may have long-term impacts on bryophyte and lichen communities. Glyphosate is much less toxic 
and less effective as an herbicide in soil exposures. 

Terrestrial and Aquatic Microorganisms – No formal dose-response assessment was completed 
for either group of microbes due to a lack of acceptable studies. Available terrestrial microbe studies 
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will be used to qualitatively assess these organisms in the risk characterization section. For 
terrestrial organisms, studies show that glyphosate inhibits microbial growth in laboratory cultures, 
causes transient decreases in populations of soil fungi and bacteria after field applications of ~0.5 
lbs/acre), and results in increases in soil microorganisms or microbial activity.  

Fish - There is no indication of a pronounced duration-response relationship in fish from 
glyphosate or glyphosate formulations. Any sublethal effects that were observed from chronic 
exposure to more toxic formulations were encompassed by the 0.048 and 0.5 mg a.e./L surrogate 
NOEC values derived for acute  toxicity for more toxic formulations. Similarly, chronic exposure to 
less toxic formulations did not indicate a dose response relationship. Thus, the acute values for both 
more and less toxic formulations were maintained for respective chronic exposure values. 

Amphibians - Based on the acute bioassays with the more toxic formulations of glyphosate, the 
sensitivities of fish and aquatic-phase amphibians to glyphosate appear to be virtually identical. For 
the more toxic formulations of glyphosate, the dose-response assessment for amphibians is 
developed in the same manner as for fish, which involves the LOC approach used by the U.S. EPA 
(i.e. multiplying by a RQ of 0.05 and rounding the outcome). As with the dose-response assessment 
for fish, for more toxic formulations the surrogate acute NOAEC values for amphibians are applied 
to longer-term exposures. The dose-response assessment for acute exposures of amphibians to less 
toxic formulations is similar to that of fish.  

Evidence indicates that glyphosate IPA is less acutely toxic than glyphosate acid to amphibians 
and that the differences between the toxicity of glyphosate IPA and glyphosate acid relates to the 
pH of water. Unlike with fish, the above data are sufficiently compelling to assert that the lower 
toxicity values for glyphosate acid are not appropriate for the dose-response assessment. All of the 
less toxic formulations of glyphosate likely to be used in U.S. Forest Service programs contain 
glyphosate IPA as the active ingredient. Consequently, for amphibians the dose-response 
assessment for less toxic formulations is based on studies using glyphosate IPA. No sublethal toxicity 
studies have been identified on glyphosate IPA, Rodeo, or equivalent formulations. The lack of more 
detailed sublethal toxicity studies on glyphosate IPA, Rodeo, and other similar formulations is 
treated qualitatively as a data gap. The dose-response assessment for longer-term exposures of 
amphibians to less toxic formulations is extremely simple, in that only one longer-term study (i.e. 
using glyphosate IPA) is available. Given the limited data, sensitive and tolerant species could not be 
distinguished for chronic exposure to less toxic formulations. 

Aquatic Invertebrates - As with fish and amphibians, for more toxic formulations the first 
approximation to estimating NOAEC values is made by multiplying the range of acute EC50 values by 
a factor of 0.05. Existing data for more toxic formulations does not indicate a dose-response 
relationship, and thus the acute values are also applied to chronic exposure for less toxic 
formulations. As discussed above, the acute toxicity data for glyphosate acid and glyphosate IPA in 
amphibians indicate that glyphosate IPA is less toxic than glyphosate acid, probably due to variable 
water pH. For aquatic invertebrates, the studies on the toxicity of glyphosate acid relative to 
glyphosate IPA are not consistent. While all evidence is evaluated in the U.S. Forest Service risk 
assessment, some is not used when calculating dose response values, as discussed in depth in the 
risk assessment. For long-term exposure to less toxic formulations, the NOAEC for sensitive species 
was maintained for chronic exposure, though a different NOAEC was used for tolerant species. 
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Aquatic Plants (Algae and Macrophytes) – For exposure of a tolerant algal species to a more 
toxic formulation of glyphosate, the U.S. Forest Service risk assessment applied an EC10 of 3.78 mg 
a.e./L. While EC5 values are typically used to approximate a NOAEL value, a conversion was 
unnecessary because an EC10 of 3.78 was considered a reasonable approximation of a minimal effect 
level. EC50 values for algae exposed to less toxic formulations of glyphosate, however, were 
converted by dividing by a factor of 10 for approximate EC5 (and estimated NOAEC) values to 
account for endangered species. For macrophytes, there are no substantial differences between the 
sensitivity of macrophytes to the formulations of glyphosate that are generally classified as more 
toxic or less toxic formulations in the current U.S. Forest Service risk assessment. Consequently, and 
as with terrestrial macrophytes, separate dose-response assessments for more and less toxic 
formulations of glyphosate are not developed for aquatic macrophytes. 
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Table 5.17.34 
Ecological Endpoints for Less Toxic Glyphosate Formulations 

  Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute N/A 

No data available  
Chronic N/A 

Medium  
mammals 

Acute NOAEL = 500 mg/kg 
bw rat, dietary exposure of glyphosate 97.67% 

a.i., 2-generation reproduction study  
Chronic NOAEL = 500 mg/kg 

bw/day 

Small mammals 
Acute N/A 

No data available  
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds 
Acute NOAEL = 1,500 mg/kg 

bw 
bobwhite quail/mallard duck, technical grade 
acid  [converted from NOAEC = ~5,000 ppm] 

Chronic NOAEL = 58 mg/kg 
bw/day  

bobwhite quail, technical grade acid 
[converted from NOAEL = 830 ppm] 

Terrestrial 
Invertebrates Acute oral/contact NOEAL = 

860 mg/kg bw 

honey bees, technical grade glyphosate 
[converted oral/contact LD50 values >100 

μg/bee] [1] 

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive spp. NOEC = 3.6 lb/acre The dose-response assessment for terrestrial 
plants assumes that the surfactants added to 

all formulations, resulting in equal efficacy 
among formulations. For study details, see 

the more toxic glyphosate formulations table 
below.  

tolerant spp. NOEC = 5 lb/acre 

Vegetative 
vigor 

sensitive spp. NOEC = 0.0013 lb/acre 

tolerant spp. NOAEC = 0.445 
lb/acre 

Fish 

Acute 

sensitive spp. surrogate NOAEC of 
0.5 mg/L  

several spp. - i.e. chum salmon and rainbow 
trout, Rodeo at pH 6.3,   [derived from an 

LC50 of 10 mg a.e./L  a factor of 0.05] 

tolerant spp. surrogate NOAEC = 21 
mg/L 

 rainbow trout, Rodeo without surfactant at 
pH 7.8 [derived from an LC50 of 429.2 mg 

a.e./L * a factor of 0.05] 

Chronic 

sensitive spp. surrogate NOAEC = 
0.5 mg/L  

 A duration-response relationship is not 
evident from the few chronic toxicity studies. 

As with the more toxic formulations of 
glyphosate, the surrogate acute NOAECs are 
applied to longer-term exposure scenarios tolerant spp. NOAEC = 21 mg/L  

Amphibians Acute 
sensitive spp. NOAEC = 340 mg/L 

glyphosate IPA, tadpoles (Litoria moorei) 
[derived from indefinite LC50 (343 mg 

a.e./L)] 

tolerant spp. NOAEC = 470 mg/L tadpole (Crinia insignifera), glyphosate IPA 
[derived from indefinite LC50 (466 mg 
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a.e./L)] 

Chronic 
sensitive spp. NOAEC = 1.8 mg/L glyphosate IPA, leopard frogs. Note: 

difference in risk between sensitive and 
tolerant spp. could not be distinguished tolerant spp. NOAEC = 1.8 mg/L 

Aquatic 
invertebrate 

Acute 

sensitive spp. surrogate NOAEC = 
2.7 mg/L 

midge larvae (Chironomous plumosus), acid 
(96.7%) [derived from 53.2 mg a.e./L x 0.05 = 

2.66 mg a.e./L] 

tolerant spp. surrogate NOAEC = 
210 mg/L 

midge (Chironomus riparius), Rodeo 
(glyphosate IPA: 53.5% a.i.) [derived from 

4140 mg a.e./L x 0.05 = 207 mg a.e./L] 

Chronic 

sensitive spp. NOAEC = 1.0 mg/L 
No duration-response relationship is evident 
for glyphosate, Glyphosate acid, 97%, snails 

(Pseudosuccinea columella) 

tolerant spp. surrogate NOAEC = 
210 mg/L 

No duration-response relationship is evident 
for glyphosate, so the acute endpoint is 
maintained for longer-term exposures 

Aquatic Plants 
(Macrophytes) 

Acute  
sensitive spp. surrogate NOAEC = 

0.082 mg/L 
As with terrestrial plants, there are no 
substantial differences between the 

sensitivity of macrophytes to the 
formulations of glyphosate that are generally 

classified as more toxic or less toxic 
formulations. For study details, see the more 

toxic glyphosate formulations table below.  

tolerant spp. NOAEC = 170 mg/L 

Chronic sensitive/ 
tolerant spp. N/A 

Aquatic Algae 
(Microphytes) 

sensitive spp. surrogate NOAEC = 
0.23 mg/L 

Skeletonema costatum, technical grade 
glyphosate [EC10 derived from EC50 of 2.27 

mg a.e./L divided by a factor of 10] 

tolerant spp. surrogate NOAEC = 59 
mg/L 

Chlorella pyrenoidosa, glyphosate acid 
(96.7%) [EC10 derived from a EC50 of 590 mg 

a.e./L divided by a factor of 10] 
All endpoints are in terms of a.e. ED/C = Effect Dose/Concentration, IPA = isopropyl amine (salt), LD/C = Lethal Dose/Concentration, N/A 
=  Not Applicable, NOAEL/C = no-observed-adverse-effect-level/concentration. [1] The oral toxicity values for the honey are used as a 
surrogate for herbivorous insects. 
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Table 5.17.35 
Ecological Endpoints for More Toxic Glyphosate Formulations 

  Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute N/A 

No data available  
Chronic N/A 

Medium  
mammals 

Acute NOAEL = 175 mg/kg 
bw Rabbit, developmental study, dietary 

exposure of glyphosate acid 
Chronic NOAEL = 175 mg/kg 

bw/day 

Small mammals 
Acute N/A 

No data available  
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds 
Acute NOAEL = 540 mg/kg 

bw 

bobwhite quail/mallard duck, likely RoundUp 
PRO (a.i. IPA salt) [converted from NOAEC = 

~1800 ppm] 

Chronic NOAEL = 43 mg/kg 
bw/day  

broiler chickens, RoundUp (a.i. IPA salt) 
[converted from NOAEC = 450 ppm] 

Terrestrial 
Invertebrates Acute 

contact NOAEC = 260 
mg/kg bw 

honey bee, MON 77360 (containing POEA) 
[30μg/bee divided by 0.000116 kg, rounded] 

oral NOAEC = 430 
mg/kg bw  

 honey bee, MON 77360 (containing POEA); 
also representative of herbaceous insects 

[15μg/bee divided by 0.000116 kg, rounded] 

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive spp. NOEC = 3.6 lb/acre  80WDG, 75% a.i., crop monocots and dicots 

tolerant spp. NOEC = 5 lb/acre 

oat, rice, sorghum, barnyard grass, soybean, 
sugar beet, buckwheat, cocklebur, crabgrass, 

panicum grass, downy brome, velvetleaf, 
smartweed, morning glory, lambsquarter, 

hemp, CP-70139, IPA, 50% a.i. 

Vegetative 
vigor 

sensitive spp. NOEC = 0.0013 lb/acre 
daisy, Roundup Bio (European 

formulation)[derived from NOAEC of 0.02 
lb/acre x a factor of 15] 

tolerant spp. NOAEC = 0.445 
lb/acre purple nut sedge, formula 80WDG, 48.3% a.i 

Fish 

Acute 

sensitive spp. surrogate NOAEC = 
0.048 mg/L  

rainbow trout, Roundup formulation with 
surfactants (i.e. POEA) [derived from an LC50 

of 0.96 mg a.e./L x an RQ of 0.05]   

tolerant spp. surrogate NOAEC = 
0.5 mg/L 

Glyphosate technical from Monsanto 
[derived from an LD50 of 10 mg a.e./L x an 

RQ of 0.05] 

Chronic 

sensitive spp. surrogate NOAEC = 
0.048 mg/L  

 A duration-response relationship is not 
evident from the few chronic toxicity studies, 

and significant effects in such studies were 
within the range of acute LD50 doses (0.96 

and 10 mg a.e./L) for acute studies. Thus, the 
NOAEC range for acute exposure (i.e. 0.048 

tolerant spp. surrogate NOAEC = 
0.5 mg/L 
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to 0.5) is used for chronic exposure to more 
toxic formulations.  

Amphibians 

Acute 

sensitive spp. surrogate NOAEC = 
0.04 mg/L  

American bullfrog larvae, Roundup Original 
Max [derived from an LC50 of 0.8 mg a.e./L x 

an RQ of 0.05] 

tolerant spp. surrogate NOAEC = 
2.6 mg/L 

metamorph (Crinia insignifera), Roundup 
with POEA surfactant (MON 2139), [derived 
from LC50 of 51.8 mg a.e./L x an RQ of 0.05] 

Chronic 
sensitive spp. surrogate NOAEC = 

0.04 mg/L  Acute data used for both sensitive and 
tolerant spp. 

tolerant spp. surrogate NOAEC = 
2.6 mg/L 

Aquatic 
invertebrate 

Acute 

sensitive spp. surrogate NOAEC = 
0.075 mg/L  

amphipods, Roundup formulation from 
Monsanto USA, [derived from LC50 1.5 mg 

a.e./L x an RQ of 0.05] 

tolerant spp. surrogate NOAEC = 
2.3 mg/L 

amphipods, original Roundup formulation, 
[derived from LC50 46 mg a.e./L x  an RQ of 

0.05] 

Chronic 

sensitive spp. surrogate NOAEC = 
0.075 mg/L  

A duration-response relationship is not 
indicated for limited data of more toxic 

glyphosate formulations, so the surrogate 
acute NOAECs for sensitive and tolerant 
species are used for chronic exposures. tolerant spp. surrogate NOAEC = 

2.3 mg/L 

Aquatic Plants 
(Macrophytes) 

Acute  

sensitive spp. NOAEC = 0.082 mg/L 

Macrophytes seem equally sensitive to more 
and less toxic formulations of glyphosate. 

The algae endpoint is protective for sensitive 
species of aquatic macrophytes. 

tolerant spp. NOAEC = 170 mg/L 
Macrophytes seem equally sensitive to more 
and less toxic formulations, marine eelgrass, 

(Zostera marina), acid   

Chronic sensitive/ 
tolerant spp. N/A No data available  

Aquatic Algae 
(Microphytes) 

sensitive spp. NOAEC = 0.082 mg/L Navicula pelliculosa, Glyphos  

tolerant spp. EC10 = 3.8 mg/L Pseudokirchneriella subcapitata, Roundup 
[an EC5 or NOAEC is not warranted] 

All endpoints are in terms of a.e. ED/C = Effect Dose/Concentration,  IPA = isopropyl amine (salt), LD/C = Lethal Dose/Concentration, N/A 
=  Not Applicable, NOAEL/C = no-observed-adverse-effect-level/concentration. 

Hexazinone (Sources: FS WSM v. 6.00.10; SERA 2005) 

Dose-response endpoints for hexazinone are summarized in Table 5.17.36. The available 
toxicity data support separate dose-response assessments in eight classes of organisms: terrestrial 
mammals, birds, terrestrial invertebrates, terrestrial plants, fish, aquatic invertebrates, aquatic 
algae, and aquatic macrophytes. 

Mammals and Birds - Based on dietary and gavage toxicity studies, mammals appear to be 
somewhat more sensitive to hexazinone than birds. For example, the acute dietary NOAEL for birds 
is 550 mg/kg/day, a factor of about 1.4 above the acute NOEL of 400 mg/kg/day that is used for 
mammals. No lifetime toxicity studies in birds have been encountered. Based on the reproduction 
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study, the chronic NOAEL for birds is set at 150 mg/kg/day. This is about a factor of 30 above the 
NOAEL of 5 mg/kg/day used for mammals. 

Terrestrial Invertebrates - Relatively little information is available on terrestrial insects. A 
contact toxicity value of 1075 mg/kg bw is taken as a marginal LOEC. 

Terrestrial Plants (Macrophytes) - Hexazinone is relatively ineffective in inhibiting seed 
germination, but is toxic after either direct spray or soil application. Based on toxicity studies in 
which exposure can be characterized as an application rate, hexazinone is more toxic in pre-
emergent soil applications than direct spray (post-emergent application). 

Terrestrial and Aquatic Microorganisms – No formal dose-response assessment was completed 
for aquatic microbes due to a lack of acceptable studies. For terrestrial microbes, there is extensive 
literature regarding toxicity of hexazinone towards soil bacteria and fungi, though most information 
is from laboratory cultures. However, some field studies have shown hexazinone to have no adverse 
effects on these organisms at application rates up to about 7 lbs/acre. This information is used 
directly in the risk characterization for terrestrial microorganisms. 

Fish - The acute NOEC values for sensitive and tolerant species of fish cover a very narrow 
range, 160 mg/L to 370 mg/L. For longer term exposures, the data are not sufficient to identify 
tolerant and sensitive species, so a single NOEC value of 17 mg/L is used. 

Amphibians – No formal dose-response assessment was completed for amphibians due to a lack 
of acceptable studies. 

Aquatic Invertebrates - Somewhat greater variability is apparent in aquatic invertebrates 
compared to fish, with acute NOEC values ranging from 20.5 mg/L to 320 mg/L. However, this may 
be an artifact of comparisons between freshwater and saltwater species. An NOEC of 10 mg/L from 
a reproduction study in daphnids is used to assess the effects of longer-term exposures in sensitive 
aquatic invertebrates. No longer-term NOEC is available for tolerant invertebrates, so the relative 
potency from acute studies is used to estimate a longer-term NOEC for tolerant species at 160 mg/L. 

Aquatic Plants (Algae and Macrophytes) - Aquatic plants are much more sensitive to 
hexazinone than fish and aquatic invertebrates, with much greater toxicity variability. Aquatic 
macrophytes appear to fall within the range of algae, so a single NOEC of 0.012 mg/L is used for this 
group. 
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Table 5.17.36 
Ecological Endpoints for Hexazinone 

      Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute N/A No data available 

Chronic NOAEL = 5 mg/kg 
bw/day dog, 1-dietary study for chronic toxicity 

Medium  
mammals 

Acute NOAEL = 400 mg/kg 
bw/day 

rat, developmental study, endpoint for 
offspring; at dose evidence of maternal 

toxicity 
Chronic N/A 

No data available 
Small mammals 

Acute N/A 
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds 

Acute surrogate NOAEL = 550 
mg/kg bw 

bobwhite quail, (derived from 2,500 ppm * 
food consumption rate of 22% bw/day), 

dietary study 

Chronic surrogate NOAEL = 150 
mg/kg bw/day 

bobwhite quail, derived from 1,000 ppm * 
food consumption rate of 15% bw/day, 

reproduction study 

Terrestrial 
Invertebrates Acute LOEC = 1075 mg/kg bw  honey bee, derived from LD50 > 0.1 

mg/bee and functions as a marginal LOEC 

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive spp. NOEC = 0.000348 mg/kg 
bw  tomato, for all effects 

tolerant spp. NOEC = 0.0234 mg/kg 
bw corn, for all effects 

Vegetative 
vigor 

sensitive spp. NOEC = 0.00391 mg/kg 
bw cucumber, for all effects 

tolerant spp. NOEC = 0.0625 mg/kg 
bw corn, for all effects 

Fish 

Acute 
sensitive spp. NOEC = 160 mg/L  flathead minnows, for mortality   

tolerant spp. NOEC = 370 mg/L  trout, for mortality 

Chronic 

sensitive spp. 

NOEC = 17 mg/L 

flathead minnows, egg-and-fry 
development, used given the narrow range 
for acute NOEC and LD50 values and that 

flatheads appear to be most sensitive. tolerant spp. 

Amphibians Acute 
sensitive spp. N/A Data is not adequate enough to propose 

an independent toxicity value for tolerant spp. N/A 
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Chronic 
sensitive spp. N/A amphibians 

tolerant spp. N/A 

Aquatic 
invertebrate 

Acute 
sensitive spp. NOEC = 20.5 mg/L Daphnia magna 

tolerant spp. NOEC = 320 mg/L Oyster embryos 

Chronic 

sensitive spp. NOEC = 10 mg/L  Daphnia magna, reproduction study 

tolerant spp. NOEC = 160 mg/L 
[derived by multiplying relative potency 
from acute studies (320 divided by 20.5 

mg/L) x 10 mg/L] 

Aquatic Plants 
(Macrophytes) 

Acute  sensitive/ 
tolerant spp. NOEC = 0.012 mg/L Lemna minor, 7-day growth study 

Chronic 

Aquatic Algae 
(Microphytes) 

sensitive spp. NOEC = 0.004 mg/L green algae, Selenastrum capricornutum, 
5-day growth inhibition study  

tolerant spp. NOEC = 0.15 mg/L blue-green algae (Anabaena 
flos-aquae), 5-day growth inhibition study 

All endpoints are in terms of a.i. LD/C = Lethal Dose/Concentration, N/A =  Not Applicable, NOAEL/C = no-observed-adverse-effect-
level/concentration. LOEC = lowest-observed-effect-level. 

Imazapyr (Sources: FS WSM v. 6.00.10; SERA 2011c) 

Dose-response endpoints are summarized in Table 5.17.37 for imazapyr. Dose response 
assessments are supported for eight classes of organisms in the U.S. Forest Service risk assessment 
for imazapyr: terrestrial mammals, birds, terrestrial invertebrates, terrestrial plants, fish, aquatic 
invertebrates, aquatic algae, and aquatic macrophytes. The dose-response assessments for terrestrial 
and aquatic animals are limited, primarily because imazapyr is relatively nontoxic to animals and the 
number of animal species tested is so few. Consequently, sensitive and tolerant species are not defined 
for either terrestrial animals or for most groups of aquatic animals. 

Mammals and Birds - The standard array of studies used to assess the acute, subchronic, and 
chronic toxicity of pesticides, including effects on reproduction and development, indicate that imazapyr 
causes adverse effects in mammals only at doses of 1000 mg a.e./kg or more. The use of a NOAEL in 
dogs to characterize risks for all terrestrial mammals, however, may be overly conservative. Imazapyr is 
a weak acid, and, like most weak acids, is excreted primarily in the urine. Because dogs have a limited 
capacity to excrete weak acids, they are more sensitive than other mammals to certain weak acids. 
Imazapyr has a low order of acute toxicity in birds. Both of the acute and chronic NOAEL values for 
toxicity of birds are free-standing—i.e., adverse effects may occur at higher, but as yet undetermined, 
doses. 

Terrestrial Invertebrates - The standard contact toxicity study in honeybees is used to represent 
this class of organisms. Likewise the standard oral toxicity study using honey bees is used as a surrogate 
toxicity value to characterize risks to herbivorous insects from the consumption of vegetation 
contaminated with imazapyr. 

Terrestrial Plants (Macrophytes) - Like other imidazolinone herbicides, imazapyr appears to be 
more toxic to terrestrial monocots than to dicots. 
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Terrestrial and Aquatic Microorganisms - No formal dose-response assessment was completed 
for either group of microbes due to a lack of acceptable studies. Available studies will be used to 
qualitatively assess terrestrial microbes in the risk characterization section. Liquid culture solutions of 
imazapyr were toxic to various soil bacteria, with LC50 values ranging from about 10 to 1000 μM (2.61 to 
261 mg/L - ppm). Because these concentrations involve liquid cultures and because bioavailability of 
imazapyr is likely to be substantially less in a soil matrix, these values are not appropriate for direct use, 
analogous to other NOAEL and NOAEC values discussed in this risk assessment. Imazapyr had only a 
slight effect on the breakdown of cellulose at a concentration in soil of 20 mg/kg but had a substantial 
impact at a concentration of 150 mg/kg. These values are relevant to the functional effect of imazapyr 
on soil microorganisms. 

Fish - Studies consistently indicate that Arsenal, the only formulation on which toxicity data are 
available, is more toxic than imazapyr acid or the isopropylamine salt of imazapyr. 

Amphibians - No formal dose-response assessment was completed for terrestrial phase or 
aquatic phase amphibians due to a lack of toxicity data.  

Aquatic Invertebrates - studies consistently indicate that, as for fish, the formulation Arsenal is 
more toxic than imazapyr acid or the isopropylamine salt of imazapyr. 

Aquatic Plants (Algae and Macrophytes) - Like other imidazolinone herbicides, imazapyr appears 
to be more toxic to aquatic macrophytes than to algae and more toxic to terrestrial monocots than to 
dicots. 
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Table 5.17.37  
Ecological Endpoints for Imazapyr 

  Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute NOAEL = 250 mg/kg bw/day Chronic endpoint applied 

Chronic NOAEL = 250 mg/kg bw/day dog, 1-year dietary study 

Medium  mammals 
Acute NOAEL = 738 mg/kg bw/day Chronic endpoint applied 

Chronic NOAEL = 738 mg/kg bw/day rat, reproduction (dietary) study 

Small mammals 
Acute N/A 

No data available  
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds 

Acute NOAEL = 2,510 mg/kg bw 
Mallard ducks, technical grade (93% a.e.) 
used in gavage study; Also supported by 

Northern bobtail quail studies 

Chronic NOAEL = ~610 mg/kg bw  

Northern bobwhite quail, acid,  based on 
measured food consumption and body 
weights, reproductive (dietary) study 

[derived from 1,670 ppm a.e.]  

Terrestrial 
Invertebrates Acute contact/oral NOAEL > 860 

mg/kg bw  

honey bee,  oral functionally surrogate 
for herbivorous insects [derived  from an 

LD50 = 100μg/bee] 

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive spp.  NOAEL = 0.00017 lbs/acre sugar beet (a dicot),  technical grade 

tolerant spp. NOAEL = 0.0156 lbs/acre oat (a monocot), for growth (height) 

Vegetative 
vigor 

sensitive spp. NOAEL = 0.000064 lb/acre cucumber (a dicot) 

tolerant spp. NOAEL = 0.4 lb/acre pumpkin (a dicot) 

Fish 

Acute 
sensitive spp. NOAEC = 10.4 mg/L trout, formulation 

tolerant spp. N/A No data available 

Chronic 

sensitive spp. surrogate NOAEC = 4.0 mg/L  
formulation, [derived from the chronic 
NOAEC of 43.1 mg a.e./L from a trout 

study that is divided by 10 and rounded] 

tolerant spp. estimated NOAEC = 12 mg/L 
formulation, [derived from the NOAEC of 

118 mg a.e./L in flathead minnows 
divided by 10 and rounded] 

Amphibians Acute 
sensitive spp. N/A 

no data available 
tolerant spp. N/A 
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Chronic 
sensitive spp. N/A 

tolerant spp. N/A 

Aquatic invertebrate 

Acute 
sensitive spp. N/A No data available 

tolerant spp. NOAEC = 41 mg/L Daphnia magna, Arsenal formulation 

Chronic 

sensitive spp. N/A No data available 

tolerant spp. surrogate NOAEC = 12 mg/L  

Daphnia magna, formulation [derived 
from NOAEC of 97.1 mg a.e./L divided by 
8.0 to account potentially greater long-

term toxicity of formulations]  

Aquatic Plants 
(Macrophytes) 

Acute  
sensitive spp. NOEC = 0.003 mg/L water milfoil (Myriophyllum sibiricum), 

Arsenal formulation 

tolerant spp. surrogate NOEC = 0.1 mg/L giant salvinia  (Salvinia molesta) 

Chronic sensitive/ 
tolerant spp. N/A No data available  

Aquatic Algae 
(Microphytes) 

sensitive spp. NOEC = 7.6 mg/L  Selenastrum capricornutum, acid 

tolerant spp. NOEC = 50.9 mg/L  Skeletonema costatum, acid 
All endpoints are in terms of a.e. ED/C = Effect Dose/Concentration, LD/C = Lethal Dose/Concentration, N/A =  Not Applicable, NOAEL/C = no-
observed-adverse-effect-level/concentration.  

NP9E (Sources: FS WS ver. 2.02; USDA/FS 2003b) 

Dose-response endpoints are summarized in Table 5.17.38 for NP9E and associated 
compounds.  

Although NP is of higher toxicity to aquatic organisms than NPE or NPEC, there is sufficient 
information in the literature to make the assumption that in a forested environment, contamination 
of surface water is more likely to involve NP9E in the short-term and NP1-2EC in the long-term. As 
such, indicators of risk will be based upon these two compounds, not on NP. 

Mammals and Birds - Based on the discussions in section 3.1, mammalian toxicity is well 
characterized for NP, but less so for NP9E and the carboxylate metabolites. The acute NOEL value of 
10 mg/kg bw was taken from a 90-day rat feeding study and should be considered a conservative 
value, as the NOEL values from similar tests range up to 40 mg/kg/day, with LOELs beginning at 50 
mg/kg/day. The chronic toxicity value is also 10 mg/kg bw/ day, though it was derived from an NP 
multigenerational study with rats; it will be used for both NP and NPE. For birds, mammal data is 
protective of birds and is thus used for surrogate values. 

Terrestrial Invertebrates – No formal dose-response assessment was completed due to a lack of 
acceptable studies. 

Terrestrial Plants (Macrophytes) - Since NP9E-based surfactants would not be applied alone, 
but would be applied in a mix with an herbicide, the herbicide would determine the effects to 
terrestrial plants. Thus, a dose-response assessment is not appropriate. Terrestrial and Aquatic 
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Microorganisms - No formal dose-response assessment was completed due to a lack of acceptable 
studies. 

Fish - For NP9E, the value that will be used to establish the aquatic acute no-effect level is the 
7-day NOEC (growth) for minnows of 1,000 ppb. Species that have been tested with the longer chain 
NPEs all have similar values, so no interspecies factor will be used. It is assumed that acute toxicity 
tests involving NP9E included a small percentage of the short-chain ethoxylates, as well as small 
amounts of NP. For NP1EC and NP2EC, the NOEC value of 100 ppb in fathead minnows will be 
applied. 

Amphibians - Frogs seem similar in sensitivity or somewhat less sensitive than fish. Therefore, 
levels of exposure that result in low levels of risk to fish should be similarly protective of frogs. 

Aquatic Invertebrates – For aquatic invertebrates, the 7-day NOEC for NP9E of 10 mg/L for 
Daphnia spp. will be used for acute exposures. For chronic exposures, since no testing has been 
done using the NP1-2ECs, the 21-day NP NOEC for Daphnia magna will be used (0.024 mg/L). 

Aquatic Plants (Algae and Macrophytes) - For aquatic plants, the 96-hour NP9E NOEC (growth) 
of 8 mg/L for green algae will be used for acute exposures. There are no chronic exposure studies 
for aquatic plants. 
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Table 5.17.38  
Ecological Endpoints for NP9E 

  Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute N/A 

No data available 
Chronic N/A 

Medium  
mammals 

Acute NOAEL = 10 mg/kg rat, NP9E  dietary study 

Chronic NOAEL = 10 mg/kg/day rat, NP oral gavage multigeneration 
study 

Small mammals 
Acute N/A 

No data available  
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds 
Acute surrogate NOAEL = 10 

mg/kg  rat data, acute and chronic mammal 
endpoints are used as surrogate values 

for avian species Chronic surrogate NOAEL = 10 
mg/kg/day  

Terrestrial 
Invertebrates Acute N/A No data available  

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive spp. N/A NP9E-based surfactants would not be 
applied alone, but applied with an 
herbicide, and the herbicide would 
determine effects to plants. Thus, a 

dose-response assessment is NA.  

tolerant spp. N/A 

Vegetative 
vigor 

sensitive spp. N/A 

tolerant spp. N/A 

Fish 

Acute 
sensitive spp. 

NP9E: NOEC = 1.0 mg/L 
Fathead minnow (Pimephales  

promelas), 7-day growth study (based 
on growth), [converted from 1,000 ppb] tolerant spp. 

Chronic 

sensitive spp. 
NP1EC/NP2EC: NOEC = 0.1 

mg/L 

flathead minnow  (Pimephales 
promelas), [derived from 1,000 ppb, 

dividing by an interspecies factor of 10 
for NOEC = 100 ppb which is then 

converted to mg/L] 
tolerant spp. 

Amphibians 

Acute 
sensitive spp. surrogate NP9E: NOEC = 

1.0 mg/L flathead minnow  (Pimephales 
promelas) data, limited amphibian data 
suggests NP9E is equally or less toxic to 

amphibians compared to fish. 

tolerant spp. 

Chronic 
sensitive spp. surrogate NP1EC/NP2EC: 

NOEC = 0.1 mg/L tolerant spp. 

Aquatic 
invertebrate 

Acute 
sensitive spp. NOEC = 10 mg/L sensitive and tolerant spp. not 

specified;  Daphnia spp., 7-day study 
using NP9E tolerant spp. NOEC = 10 mg/L 

Chronic 
sensitive spp. NOEC = 0.024 mg/L species sensitivity not specified; 

Daphnia magna 21-day study using NP tolerant spp. NOEC = 0.024 mg/L 

Aquatic Plants 
(Macrophytes) Acute  

sensitive spp. surrogate NOEC =  8 mg/L algal values applied: green algae 
(Selenastrum capricornutum), NP9E tolerant spp. surrogate NOEC =  8 mg/L 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 216 

 

 

study 

Chronic sensitive/ 
tolerant spp. N/A No data available  

Aquatic Algae 
(Microphytes) 

sensitive spp.  NOEC =  8 mg/L sensitive and tolerant species not 
specified; exposure to NP9E, green 
algae (Selenastrum capricornutum) tolerant spp.  NOEC =  8 mg/L 

All endpoints are in terms of a.i. N/A = Not Applicable, NOAEL/C = no-observed-adverse-effect-level/concentration. 

Sulfometuron methyl (Sources: FS WSM v. 6.00.10; SERA 2004c) 

Dose-response endpoints are summarized in Table 5.17.39 for sulfometuron methyl.  

Mammals and Birds - All of the potential longer-term and acute exposures of terrestrial 
mammals to sulfometuron methyl are substantially below the NOAEL values of 2 mg/kg/day and 87 
mg/kg/day respectively. Birds appear to exhibit the same low order of toxicity to sulfometuron 
methyl as mammals, with an acute NOAEL of 312 mg/kg based on changes in body weight observed 
following a single gavage administration to mallard ducks. No chronic exposure studies of birds to 
sulfometuron methyl were identified in the available literature. Since results of acute exposure 
studies suggest that the sensitivity of birds to sulfometuron methyl is similar to that of mammals, in 
the absence of chronic exposure data in birds the chronic NOAEL for rats is used for birds. 

Terrestrial Invertebrates - For terrestrial invertebrates, based on direct spray studies in honey 
bees, no mortality would be expected following acute exposure to doses up to 1075 mg/kg.  

Terrestrial Plants (Macrophytes) - Sulfometuron methyl is a potent herbicide that causes 
adverse effects in a variety of target and non-target plant species. 

Terrestrial and Aquatic Microorganisms - No formal dose-response assessment was completed 
for either group of microbes due to a lack of acceptable studies. Available studies will be used to 
qualitatively assess terrestrial microbes in the risk characterization section. Regarding terrestrial 
microbes, soil microorganisms appear sensitive to sulfometuron methyl at concentrations of about 
70 μg/L. No specific NOEC was determined, though the chemical has been found to inhibit growth in 
some species (e.g. Salmonella typhimurium) and microbe species may develop resistance to the 
chemical, while other bacteria species (e.g. Streptomyces griseolus) metabolize the compound. 

Fish - The data on toxicity to fish and aquatic invertebrates was obtained for several species. 
Fish do not appear to be highly sensitive to sulfometuron methyl toxicity. However, investigations of 
acute toxicity have been hampered by the limited water solubility of sulfometuron methyl. Both of 
the acute values were the highest concentration tested in both studies, so identification of a most 
sensitive and a most tolerant species cannot be made with certainty. Toxicity values for chronic 
toxicity may be based on the available egg-and-fry/early life stage studies. Only one study of chronic 
exposure in fish is available, a 30-day exposure of fathead minnow yielding an NOAEC of 1.17 mg 
a.i./L. This value is used for both the most sensitive and tolerant species for chronic exposure. 

Amphibians – The toxicity of acute and chronic exposure to sulfometuron methyl to 
amphibians has been evaluated in a single study in African Clawed frogs (Xenopus laevis). In this 
report, the author did not state whether data were reported in terms of mg sulfometuron methyl/L 
or mg Oust/L. Taking the most conservative approach, values are assumed to be expressed in terms 
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of mg a.i./L. Since no studies on other amphibian species were identified in the available literature, 
it is not possible to identify a most tolerant and most sensitive amphibian species. 

Aquatic Invertebrates - For acute exposure of aquatic invertebrates, the most sensitive species 
appear to be Alonella sp. and Cypria sp., with Daphnia the most tolerant species. Daphnia are 32 
times more tolerant than Alonella and Cypria to acute exposure of sulfometuron methyl. For chronic 
exposure of aquatic invertebrates, data are only available from a single study in Daphnia, with a 
NOAEC of 6.1 mg/L. This value is used for the most tolerant species for chronic exposure. Although 
no data are available to determine the most sensitive species for chronic exposures, parallels can be 
drawn to the acute exposure studies. Using the relative potency factor for acute exposures of 32 
and the chronic NOEC in Daphnia of 6.1 mg/L, a NOAEC for Alonella and Cypria is estimated to be 
0.19 mg/L. This surrogate NOAEC for chronic exposure in Alonella and Cypria will be used to 
estimate the chronic NOAEC for the most sensitive species. 

Aquatic Plants (Algae and Macrophytes) - Aquatic plants appear to be much more sensitive to 
sulfometuron methyl than aquatic animals. A NOAEC for growth inhibition of 0.00021 mg/L in 
duckweed is used to quantify effects for both acute and chronic exposure in aquatic macrophytes. 
Based on the limited data available as well as difference in experimental protocols, it is not possible 
to identify a most sensitive and most tolerant species for aquatic macrophytes. For algae, the most 
sensitive algal species appears to be Selenastrum capricornutum and the most tolerant species 
appears to be Navicula pelliculosa.  
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Table 5.17.39  
Ecological Endpoints for Sulfometuron Methyl 

  Endpoint Receptor, Study & Endpoint Details 

Canine mammals  
Acute N/A 

No data available 
Chronic N/A 

Medium  
mammals 

Acute NOAEL = 87 mg/kg bw rat, diets containing 1000 ppm convert to 
~86.6 mg/kg/day 

Chronic NOAEL = 2 mg/kg bw/day rats, 2-year feeding study 

Small mammals 
Acute N/A 

No data available  
Chronic N/A 

Large herbivore 
mammals  

Acute N/A 
Chronic N/A 

Birds  

Acute NOAEL = 312 mg/kg bw mallard duck, technical grade, gavage 
administration 

Chronic NOAEL = 2 mg/kg bw/day 

Acute values for birds and mammals had 
comparable magnitude. Chronic mammal 
endpoint applied as surrogate chronic bird 

endpoint. rats, from a 2-year feeding 
study. 

Terrestrial 
Invertebrates Acute  NOAEL = 1075 mg/kg bw honey bee, [derived from an LD50 of 100 

μg/bee divided by bee bw of 0.093 g 

Terrestrial Plants 
(Macrophytes) 

Seedling 
Emergence 

sensitive 
spp.  NOEC = 0.0000086 lb/acre rape, tomato sorghum, wheat and corn 

tolerant spp. NOEC = 0.00026 lb/acre onion, pea, cucumber and soybean 

Vegetative 
vigor 

sensitive 
spp. NOEC = 0.000024 lb/acre corn 

tolerant spp. NOEC = 0.00078 lb/acre pea 

Fish 

Acute 

sensitive 
spp. NOEC = 7.3 mg/L  

acute LC50 result hampered by limited 
water solubility of sulfometuron methyl, 

flathead minnows 

tolerant spp. NOEC = 150 mg/L 
acute LC50 result hampered by limited 

water solubility of sulfometuron methyl, 
bluegill sunfish and rainbow trout 

Chronic 
sensitive 

spp.  NOEC = 1.17 mg/L flathead minnow larvae; identification of 
sensitivity by species not possible 

tolerant spp. 

Amphibians 

Acute 

sensitive 
spp. 

NOEC = 0.38 mg/L  

African Clawed frogs (Xenopus laevis), 
Oust formulation, sensitivity by spp. is NA 
for 1 study. This NOAEC and assoc. LOAEC 
value are for lethality and malformations 

during metamorphosis 
tolerant spp. 

Chronic 

sensitive 
spp. 

NOEC = 0.00075 mg/L 

African Clawed frog (Xenopus laevis) 
study, Oust formulation, sensitivity by 
spp. is NA for 1 study. This NOEC is for 

changes in tail resorption rates during a tolerant spp. 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 219 

 

 

14-day study 

Aquatic 
invertebrate 

Acute 
sensitive 

spp. LOEC = 75 mg/L  Alonella spp. and Cypria spp. [the lowest 
concentration tested] 

tolerant spp. NOEC = 1,800 mg/L Daphnia 

Chronic 
sensitive 

spp. surrogate NOEC = 0.19 mg/L  

[derived from tolerant chronic NOEC of 
6.1 mg/L ÷ relative potency of 32 that is 

based on ratio of Daphnia to Alonella and 
Cypria acute LOAEC values (2,400/75)] 

tolerant spp. NOEC = 6.1 mg/L Daphnia 

Aquatic Plants 
(Macrophytes) 

Acute  sensitive/ 
tolerant spp. NOEC = 0.00021 mg/L duckweed (Lemna spp.), technical grade, 

14-day study; most conservative (lowest) 
NOEC of both acute and chronic values Chronic sensitive/ 

tolerant spp. NOEC = 0.00021 mg/L 

Aquatic Algae 
(Microphytes) 

sensitive spp. NOEC = 0.0025 mg/L alga (Selenastrum 
capricornutum), based on cell density 

tolerant spp. NOEC = 0.37 mg/L alga (Navicula pelliculosa), based on 
growth inhibition 

All endpoints are in terms of a.i. LD/C = Lethal Dose/Concentration, LOEC = lowest-observed-effect-level, N/A =  Not Applicable, NOAEL/C = no-
observed-adverse-effect-level/concentration.  

Triclopyr (Sources: FS WSM v. 6.00.10; SERA 2011a,d) 

Triclopyr acid and salts are considered separately from esters. Dose response is also considered 
for the compound 3,5,6-trichloro-2-pyridinol (TCP) within this section, as TCP is a metabolite of 
triclopyr of particular concern. Dose-response endpoints are summarized in Table 5.17.40 for TCP, 
Table 5.17.41 for acid and triethylamine salt of triclopyr, and Table 5.17.42 for butoxyethyl esters of 
triclopyr.  

Data on triclopyr TEA are typically included in the dose-response assessment for triclopyr acid, 
because these two forms of triclopyr appear to be bioequivalent in most groups of organisms. Data 
on triclopyr BEE and formulations of triclopyr BEE are discussed separately for some groups of 
organisms, primarily because the toxicity of triclopyr BEE formulations (expressed in units of 
triclopyr a.e.) and technical grade triclopyr BEE (also expressed in units of triclopyr a.e.) appears to 
be the same. In other words, the inerts used in the triclopyr BEE formulations do not have an 
obvious impact on the toxicity of the triclopyr BEE formulations on which data are available 
(primarily Garlon 4). The toxicity values for TCP span much narrower ranges than the toxicity values 
for triclopyr. This difference is almost certainly due to the fewer number of studies available on TCP. 

The dose-response assessments for triclopyr acid and triclopyr BEE in terrestrial animals are 
relatively standard and uncomplicated, except for mammals. For TCP, the available data limit the 
dose-response assessment for terrestrial organisms to mammals. The dose-response assessment for 
aquatic species is somewhat detailed, because triclopyr acid and triclopyr BEE are not bioequivalent 
in aquatic organisms. With the exception of aquatic dicots, triclopyr BEE is much more toxic than 
triclopyr acid or triclopyr TEA. Within most groups of aquatic organisms, the toxicity values differ 
substantially for both triclopyr TEA and triclopyr BEE. Typically, this high variability reflects 
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differences among bioassays conducted by different investigators at different times rather than true 
underlying differences in species sensitivity. A possible exception involves the toxicity of triclopyr 
BEE to aquatic arthropods.  

Mammals and Birds - The available toxicity data on triclopyr indicate that larger mammals are 
substantially more sensitive than smaller mammals, and this relationship can be characterized 
quantitatively. Most U.S. Forest Service risk assessments consider only small mammals and canids, 
however, the dose-response assessment for mammalian wildlife is elaborated to include a large 
herbivorous mammal, such as a deer. There is no remarkable difference in the toxicity of triclopyr 
acid, triclopyr TEA, and triclopyr BEE to birds. Similarly, the toxicity data, available only on a few 
avian species, do not indicate substantial or systematic differences in species sensitivities to 
triclopyr. The current U.S. Forest Service risk assessment relies on the EPA review of the toxicity of 
TCP and available open literature. Relatively little information is available on the toxicity of TCP to 
mammals or birds (U.S. EPA/OPP 2002b as referenced in SERA 2011d). 

Terrestrial Invertebrates – For triclopyr, an indefinite LD50 was used rather than a well-
documented NOAEC for the calculation of hazard quotients, though the risk characterization for 
insects is based primarily on field studies rather than the HQs. A dose-response assessment of the 
toxicity of TCP to terrestrial invertebrates cannot be proposed due to the lack of pertinent data. 

Terrestrial Plants (Macrophytes) The dose-response assessments in terrestrial plants are also 
relatively standard for triclopyr acid and the triclopyr ester. Foliar studies do not suggest any 
remarkable differences in potency between triclopyr TEA and triclopyr BEE formulations. Dicots are 
more sensitive than monocots to both formulations. A dose-response assessment of the 
phytotoxicity of TCP is not proposed because no data are available on the toxicity of TCP to 
terrestrial plants. 

Terrestrial and Aquatic Microorganisms – No formal dose-response assessment was completed 
for either group of microbes due to a lack of acceptable studies. Available field studies will be used to 
qualitatively assess terrestrial organisms in the risk characterization section.  

Fish - Acute LC50 values for triclopyr TEA range from 40.1 to 422.8 mg a.e./L and encompass the 
more limited number of LC50 values available on triclopyr acid. The acute sublethal toxicity of 
triclopyr acid and triclopyr TEA is not well documented, either in standard acute toxicity studies or 
field studies. There are more toxicity data for triclopyr BEE than for triclopyr TEA, including more 
acute toxicity studies, many of which report both LC50 values and NOAECs. Acute LC50 values for 
triclopyr BEE range from 0.2 to 1.5 mg a.e./L. As with triclopyr TEA, there is only one chronic study 
available. For TCP, there are two sets of studies, which are obviously inconsistent and reflect 
experimental variability or other unidentified factors rather than any differences in species 
sensitivity. 

Amphibians - Information on the toxicity of triclopyr to amphibians is much less abundant than 
the information on fish. Since there are no chronic bioassays involving amphibian exposure to 
triclopyr, explicit longer-term NOAECs are not developed. Nonetheless, a field study involving 
longer-term observations of amphibian populations following forestry applications of triclopyr BEE 
is used in the development of acute NOAECs and is discussed further in the risk characterization for 
amphibians. 
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Aquatic Invertebrates - There is no apparent basis, given admittedly limited data, for asserting 
that non-arthropod aquatic invertebrates are substantially different from aquatic arthropods in 
their sensitivity to triclopyr. Within this group, cladocerans appear to be more sensitive than aquatic 
insects to triclopyr BEE, though no such species sensitivity is clearly documented for triclopyr TEA or 
the TCP metabolite. 

Aquatic Plants (Algae and Macrophytes) – Data regarding toxicity to algae are available for 
triclopyr acid, triclopyr BEE, and TCP. As with most other groups of aquatic organisms, algae are 
more sensitive to triclopyr BEE than to triclopyr TEA. Based on median EC50 values, triclopyr BEE is 
more toxic to algae than triclopyr TEA by a factor of 10. When considering toxicity to aquatic 
macrophytes, relative sensitivity to triclopyr TEA is assessed based on an analogy to differences in 
the sensitivity of monocots and dicots, with dicots comprising the sensitive species and monocots 
comprising the tolerant species. There is not a substantial difference in the toxicity of triclopyr BEE 
to monocots and dicots. Dicots are the only group of aquatic organisms in which triclopyr TEA is 
substantially more toxic than triclopyr BEE. A dose-response assessment of the toxicity of TCP to 
macrophytes is not proposed because no data are available on the toxicity of TCP to aquatic 
macrophytes. 
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Table 5.17.40  
Ecological Endpoints for TCP, a Metabolite of Triclopyr 

  Endpoint Receptor, Study & Endpoint Details 

Canine 
mammals  

Acute NOAEL = 25 mg/kg bw rabbit, LOAEL endpoint: birth defects 

Chronic surrogate NOAEL = 12 mg/kg 
bw dog study, chronic NOAEL 

Medium  
mammals [1] 

Acute surrogate NOAEL = 25 mg/kg 
bw rabbit study, acute NOAEL 

Chronic NOAEL = 12 mg/kg bw dog, LOAEL endpoint: clinical chemistry 

Small 
mammals 

Acute N/A 

No data available  
Chronic N/A 

Large 
herbivore 
mammals  

Acute N/A 

Chronic N/A 

Birds 
Acute LOAEL = 116 mg/kg bw 5-day dietary study 

Chronic N/A No data available 
Terrestrial 

Invertebrates Acute N/A No data available  

Terrestrial 
Plants 

(Macrophytes) 

Seedling 
Emergence 

sensitive spp. N/A 

No data available  
tolerant spp. N/A 

Vegetative 
vigor 

sensitive spp. N/A 
tolerant spp. N/A 

Fish 

Acute 
sensitive spp. surrogate NOAEC = 0.18 mg/L  rainbow trout, [see chronic NOAEC; 

conservatively applied] 

tolerant spp. estimated NOAEC = 0.63 mg/L  rainbow trout, [LC50 of 1.26 mg TCP/L x LOC of 
0.5] 

Chronic 
sensitive spp. 

adjusted NOAEC = 0.18 mg/L  

rainbow trout, fry to egg study, variation for trout 
(see acute) may be related to environmental and 
experimental variability (i.e. pH), unidentifiable 

factors, and/or chance [rounded from 0.178 
mg/L]. 

tolerant spp. 

Amphibians 

Acute 
sensitive spp. N/A 

No data available  
tolerant spp. N/A 

Chronic 
sensitive spp. N/A 

tolerant spp. N/A 

Aquatic 
invertebrate 

Acute 
sensitive spp. estimated NOAEC = 0.55 mg/L  

[LC50 of 10.9 mg/L x 0.05] 
tolerant spp. estimated NOAEC = 0.55 mg/L  

Chronic 
sensitive spp.  NOAEC = 0.058 mg/L 

Daphnia magna study  
tolerant spp.  NOAEC = 0.058 mg/L 

Aquatic Plants 
(Macrophytes) 

Acute  
sensitive spp. N/A 

No data available  tolerant spp. N/A 

Chronic sensitive/ 
tolerant spp. N/A 
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Aquatic Algae 
(Microphytes) 

sensitive spp. NOAEC = 0.36 mg/L Anabaena flos-aquae, 5-day study 

tolerant spp. NOAEC = 0.65 mg/L Kirchneria subcapitata, 5-day study 

All toxicity values for 3,5,6-trichloro-2-pyridinol (TCP) metabolite of triclopyr are expressed as mg TCP/kg bw or mg TCP/L. LD/C = Lethal 
Dose/Concentration, LOC = level of concern, LOAEL = lowest-observed-adverse-effect-level, N/A =  Not Applicable, NOAEL/C = no-observed-adverse-
effect-level/concentration. [1] Due to lack of data for species sensitivity of mammals to TCP,  the NOAELs of 25 mg/kg bw for acute exposures and 12 
mg/kg bw for longer-term term exposures are used to characterize risks of TCP exposure to small mammals. 
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Table 5.17.41  
Ecological Endpoints for Triclopyr Acid and TEA 

  Endpoint Receptor, Study & Endpoint Details 

Canine 
mammals  

Acute NOAEL = 20 mg a.e./kg bw estimated relative to rat [derived by 100 mg/kg 
bw ÷ factor of 5] 

Chronic NOAEL = 1 mg a.e./kg bw  estimated relative to rat [derived by 5 mg/kg bw ÷ 
factor of 5] 

Medium  
mammals 

Acute NOAEL = 100 mg/kg bw rat 
Chronic  NOAEL = 5 mg/kg bw rat 

Small 
mammals 

Acute NOAEL = 440 mg/kg bw  estimated relative to rat [derived by 100 mg/kg 
bw x factor of 4.4] 

Chronic NOAEL = 22 mg/kg bw  estimated relative to rate [derived by 5 mg/kg bw 
x factor of 4.4] 

Large 
herbivore 
mammals  

Acute NOAEL = 8 mg/kg bw  estimated relative to rat [derived by 100 mg/kg 
bw ÷ factor of 13 ≈ 7.69] 

Chronic NOAEL = 0.4 mg/kg bw  estimated relative to rat [derived by 5 mg/kg bw ÷ 
factor of 13 ≈ 0.38] 

Birds 
Acute NOAEL = 126 mg/kg bw Northern bobwhite quail, BEE gavage study 

Chronic NOAEL =7.5 mg/kg bw/day Northern bobwhite quail, reproduction study  
Terrestrial 

Invertebrates Acute indefinite oral LD50 = 620 
mg/kg bw 

honey bees, [derived by LD50 of >72 μg  (0.072 
mg) ÷ 0.000116 kg bee bw ≈ 620.68 mg/kg bw] 

Terrestrial 
Plants 

(Macrophytes) 

Seedling 
Emergence 

sensitive spp. NOEC = 0.0028 lb/acre  soybean (a dicot), TEA, based on shoot length  
tolerant spp. NOEC = 0.23 lb/acre barley (a monocot), TEA, based on shoot length 

Vegetative 
vigor 

sensitive spp.  NOEC = 0.0028 lb/acre sunflower (a dicot), TEA and BEE 

tolerant spp. NOEC = 2.0 lb/acre  oat (a monocot), BEE [converted from >2242 g 
a.i./ha] 

Fish 

Acute 
sensitive spp. estimated NOAEC = 20 mg/L  acid [derived from LC50 of 40.1 mg a.e./L x LOC of 

0.5] 
tolerant spp.  estimated NOAEC = 210 mg/L acid [LC50 of 210 mg a.e./L x LOC of 0.5] 

Chronic 
sensitive spp.  estimated NOAEC = 7.4 mg/L  acid, [acute NOAEC 20 mg a.e./L x acute-to 

chronic ratio 0.37 = 7.4 mg a.e./L] 

tolerant spp. estimated NOAEC = 78 mg/L  acid [acute NOAEC 210 mg a.e./L x acute-to-
chronic ratio 0.37 =77.7 mg a.e./L] 

Amphibians 
Acute 

sensitive spp. NOAEC = 125 mg/L  African clawed frog (Xenopus laevis), embryos, 
TEA, for growth (only study) tolerant spp. NOAEC = 125 mg/L  

Chronic 
sensitive spp. N/A 

No data available  
tolerant spp. N/A 

Aquatic 
invertebrate 

Acute 
sensitive spp. adjusted NOAEC = 25 mg/L  [estimated acute NOAEC of 5 mg a.e./L is adjusted 

upward to 25 mg a.e./L  given the chronic NOAEC] 
tolerant spp. estimated NOAEC = 320 mg/L  [LD50 of 6,400 mg/L x LOC factor of 0.05] 

Chronic 
sensitive spp. 

NOAEC = 25 mg/L daphnid, cannot be classified as sensitive, 
tolerant, or intermediate tolerant spp. 
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Aquatic Plants 
(Macrophytes) 

Acute  
sensitive spp.  marginal NOAEC = 0.0005 

mg/L 

Eurasian water milfoil (Myriophyllum sibiricum; a 
dicot), NOAEL is a biochemical indicator of an 

adverse effect but no overt effect found.  

tolerant spp.  NOEC = 5.6 mg/L duckweed (Lemna minor; a monocot) Garlon 3A 
(32.3% a.e.) 

Chronic sensitive/ 
tolerant spp. N/A No data available  

Aquatic Algae 
(Microphytes) 

sensitive spp. NOEC = 0.23 mg+E41/L Ankistrodesmus spp., 5-day study 

tolerant spp. estimated NOEC = 4.0 mg/L  Chlorella pyrenoidosa, 4-day study [upper bound 
EC50 of 80 mg a.e./L  x factor of 0.05] 

All endpoints are in terms of a.e. BEE = butoxyethyl ester,  LD/C = Lethal Dose/Concentration, LOC = level of concern, NOAEL/C = no-observed-
adverse-effect-level/concentration, TEA = triethylamine salt. 
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Table 5.17.42  
Ecological Endpoints for Triclopyr BEE 

  Endpoint Receptor, Study & Endpoint Details 

Canine 
mammals  

Acute NOAEL = 20 mg a.e./kg bw  estimated relative to rat [derived by 100 mg/kg 
bw ÷ 5] 

Chronic NOAEL = 1 mg a.e./kg bw  estimated relative to rat: [derived by 5 mg/kg bw 
÷ 5] 

Medium  
mammals 

Acute NOAEL = 100 mg/kg bw rat 
Chronic NOAEL = 5 mg/kg bw rat 

Small 
mammals 

Acute NOAEL = 440 mg/kg bw  estimated relative to rat [derived by 100 mg/kg 
bw x 4.4] 

Chronic NOAEL = 22 mg/kg bw estimated relative to rate [derived by 5 mg/kg bw 
x 4.4] 

Large 
herbivore 
mammals  

Acute NOAEL = 8 mg/kg bw estimated relative to rat [derived by 100 mg/kg 
bw ÷ 40 13 ≈ 7.69] 

Chronic NOAEL = 0.4 mg/kg bw estimated relative to rat [derived by 5 mg/kg bw ÷ 
13 ≈ 0.38] 

Birds 
Acute  NOAEL = 126 mg /kg bw Northern bobwhite quail, BEE gavage study 

Chronic NOAEL =7.5 mg/kg bw/day Northern bobwhite quail, reproduction study  
Terrestrial 

Invertebrates Acute indefinite oral LD50 = 620 
mg/kg bw 

honey bees [derived by LD50 of >72 μg  (0.072 
mg) ÷ 0.000116 kg bee bw ≈ 620.68 mg/kg bw] 

Terrestrial 
Plants 

(Macrophytes) 

Seedling 
Emergence 

sensitive spp. NOEC = ~0.022 lb/acre soybeans (a dicot); BEE, equivalent to 35 g a.i/ha, 
based on shoot weight 

tolerant spp. NOEC = 2.0 lb/acre 
corn, oats, sunflowers, wheat, BEE study, 

[converted from >2242 g a.i./ha based on shoot 
weight] 

Vegetative 
vigor 

sensitive spp. NOEC = 0.0028 lb/acre  sunflower (a dicot), TEA and BEE 

tolerant spp.  NOEC = 2.0 lb/acre  oat (a monocot), BEE [converted from >2242 g 
a.i./ha] 

Fish 

Acute 
sensitive spp. NOAEC = 0.091 mg/L  bluegills, BEE [converted from a.i. to a.e.] 

tolerant spp. adjusted NOAEC = 0.75 mg/L  flathead minnows, BEE [LC50 of 1.5 mg a.e./L x 
LOC of 0.5]   

Chronic 
sensitive spp. U.S. EPA adjusted NOAEC = 

0.019 mg/L 

 rainbow trout, BEE [Chronic exposure to BEE are 
far below this dose, and thus protective of all spp. 

sensitivity] tolerant spp. 

Amphibians 
Acute 

sensitive spp. surrogate NOAEC: sublethal 
EC10 = 0.1 mg/L,  

Rana clamitans larvae, TEA, abnormal avoidance 
response. 

tolerant spp. estimated NOAEL = 4.2 mg/L 
Rana clamitans embryos, TEA [LC50 of 24.6 mg 
a.e./L x 0.17 (factor resulting from ratio of an 

NOAEC to LC50)]  
Chronic sensitive spp. N/A No data available  
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tolerant spp. N/A 

Aquatic 
invertebrate 

Acute 

sensitive spp. estimated NOAEC = 0.045 mg/L 
[LD50 of 0.25 mg a.e./L x  a factor of 0.18 (lower 

bound of mean that resulted from ratios of 
NOAEC to LC50 values)] 

tolerant spp. estimated NOAEC = 3.6 mg/L  
[LD50 of 20.0 mg a.e./L x a factor of 0.18 (lower 

bound of mean that resulted from ratios of 
NOAEC to LC50 values)] 

Chronic 

sensitive spp. LOAEC = 0.25 mg/L Simocephalus vetulus,  concentration-related 
decreases in reproduction 

tolerant spp. estimated LOAEC = 20 mg/L  
[chronic LOAEC of 0.25 mg a.e./L x factor of 80 
(ratio of LD50 values for tolerant and sensitive 

species)] 

Aquatic Plants 
(Macrophytes) 

Acute  
sensitive spp. estimated NOEC = 0.043 mg/L  [EC50 of 0.86 mg a.e/L x a factor of 0.05]  
tolerant spp. estimated NOEC = 0.31 mg/L  [EC50 of 6.25 mg a.e/L x a factor of 0.05]  

Chronic sensitive/ 
tolerant spp. N/A No data available  

Aquatic Algae 
(Microphytes) 

sensitive spp.  U.S. EPA estimated NOEC = 
0.0014 mg/L  Navicula pelliculosa,[~0.002 mg a.i./L] 

tolerant spp. NOEC = 1.0 mg/L Skeletonema costatum 
All endpoints are in terms of a.e. BEE = butoxyethyl ester, ED/C = Effect Dose/Concentration, LD/C = Lethal Dose/Concentration, LOEC = lowest-
observed-effect-concentration, N/A =  Not Applicable, NOAEL/C = no-observed-adverse-effect-level/concentration, TEA = triethylamine salt. 

5.17.2.2.4   Risk Characterization 

5.17.2.2.4.1 Introduction 
Conceptually, risk characterization is simply the process of comparing the exposure assessment 

to the dose-response assessment. In this process, risk is characterized quantitatively as a ratio. 
Because the risk characterization flows directly from the exposure and dose-response assessments, 
the complexity and clarity of the risk characterization will be dependent on complexity and clarity of 
both the exposure and dose-response assessments. In most cases, risk will be quantitatively 
characterized as a ratio: a level of exposure divided by some defined effect level. In the human 
health risk assessment, the defined effect level is almost always the reference dose (RfD), and the 
ratio of the exposure to the reference dose is referred to as the hazard quotient (HQ). In the 
ecological risk assessments, the defined effect level may be an NOEC or a risk level. The risk level, in 
turn, may be a lethal dose (e.g., LD50 or some other response level such as an LD25) or a dose 
causing some risk of a non-lethal effect (e.g., an ED50 or ED25). For aquatic organisms and for some 
terrestrial organisms for which exposure is characterized by a concentration rather than a dose, the 
defined risk levels may be expressed as a lethal concentration (LC50 or some other response level) or 
a sublethal concentration that leads to some effect (e.g., an EC50). In general, the Forest Service 
prefers to use NOAEL or NOEC values in risk characterizations. If NOAEL or NOEC values are not 
available, a sublethal effective dose at some response rate may be used to approximate a NOAEL or 
NOAEL. 

The following is a characterization of the risks associated with plausible levels of exposure to 
the chemicals, and in some cases metabolites and surfactants, likely to be used in the Proposed 
Program and Alternatives. This is a synthesis of the hazard (toxicity) of each chemical, the likelihood 
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of exposure to non-target organisms, and the likelihood that non-target organisms would be 
adversely affected by plausible levels (doses) of chemicals. The characterization of risk is 
substantially from the most recent USDA/FS and SERA risk assessments (RAs) for each chemical 
analyzed. These RAs can be downloaded from the USFS Forest Health Protection website at 
(http://www.fs.fed.us/foresthealth/pesticide/risk.shtml). These RAs have been updated using 
information from the 2012 EXCEL “F” and “G” series workbooks created by WorksheetMaker. The 
most current version of WorksheetMaker can be downloaded directly from the SERA website 
(www.sera-inc.com). 

As cautioned in the SERA risk assessment for clopyralid (SERA 2004a, p. xviii), when considering 
the risks portrayed in SERA RAs: “The risk characterization for both terrestrial and aquatic animals is 
limited by the relatively few animal and plant species on which data are available compared to the 
large number of species that could potentially be exposed. This limitation and consequent 
uncertainty is common to most if not all ecological risk assessments.” 

As discussed above in Section 5.17.2.2.2 Hazard (Toxicity) Identification, chemicals that are not 
approved for aquatic use may be inadvertently applied or transported to shallow wetlands or to low 
volume or intermittent streams that support frogs and their larvae (tadpoles), and/or other 
amphibians. There is some scientific evidence that chemicals could accumulate to toxic levels in 
these shallow, low volume waterbodies. D.G. Thompson (Thompson 2003) measured the toxic 
effects on Ranid frogs of Vision® (glyphosate), which is not registered for use in California, in 51 
wetlands in Canada that were 1) buffered from spraying, 2) sprayed adjacent to the wetland, and 3) 
over sprayed. No significant differences in mortality to Ranid frogs were observed between the 
treatments. However, “vegetated buffers significantly mitigated against exposure and thus potential 
for acute effects. Aqueous concentrations of Vision® (glyphosate) in buffered wetlands were below 
analytical limits of quantification (0.02 mg acid equivalent [a.e.]/L) in 14 of 16 cases, with mean 
concentration (0.03 ± 0.02 mg a.e./L) significantly (p< 0.05) less than that of either adjacent (0.18 ± 
0.06 mg a.e./L) or over sprayed wetlands (0.33 ± 0.11 mg a.e./L)” (Thompson 2003). 

A study of potential pesticide toxicity (including imazapyr and sulfometuron methyl) in 
Midwestern streams found that: 1) spring and early summer runoff events can contain pesticides in 
sufficient quantities to be toxic to non-target aquatic organisms, 2) accounting for herbicide 
degradates can substantially increase the estimated toxicity of stream water to aquatic plants, and 
3) the quality of this analysis is limited by the lack of acute toxicity data for many of the pesticide-
organism combinations (Battaglin and Fairchild 2002). Only 10% of the water samples contained 
acetolactate synthase (ALS) inhibitor herbicides, a class of herbicides that includes imazapyr and 
sulfometuron methyl. It was thought that the data from this study might underestimate potential 
effects of pesticides on aquatic systems in smaller streams because peak concentrations of 
herbicides were generally inversely related to stream size. 

With the exception of 2,4-D EHE, glyphosate formulations containing POEA, sulfometuron 
methyl (for amphibians), and triclopyr, the chemicals analyzed in this PEIR and potentially applied 
under the Proposed Program and Alternatives are only slightly toxic to practically nontoxic to 
aquatic organisms. However, there is little to no testing of most of the chemicals for effects on adult 
amphibians. 

http://www.fs.fed.us/foresthealth/pesticide/risk.shtml
http://www.sera-inc.com/
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Mann et al., 2003 found that: “Although the relative sensitivity of amphibians to the toxic 
effects of pesticides and other environmental contaminants has yet to be established, the perceived 
vulnerability of amphibians to pesticide effects may actually be attributable to their specific habitat 
requirements. Shallow temporary ponds, essential to the life cycles of many amphibians, are also 
areas where pollutants may accumulate without substantial dilution. Research in Western Australia 
has highlighted the potential risk that agricultural chemicals may pose to fauna that inhabit low 
dilution environments, and indicates that the data currently required for pre-registration assessment 
of pesticides may be inadequate to effectively protect these environments.” 

Raphael 2003, made the following findings in the forested systems of the western Pacific 
Northwest: “While not all [stream-dwelling amphibians] respond the same way, there is typically a 
rapid decrease in population after management activity in the riparian zone, and recovery for some 
species can be quite slow. In some sites, the numbers are still low as much as 60 years after timber 
harvest.” 

“Potential for large-scale reduction in amphibian numbers is high, and indeed the focus on 
amphibian population decline worldwide is increasing. It seems clear that amphibian numbers 
should at least be considered as part of the buffer zone assessment and recommendation process.” 
(ibid) 

In light of the sensitivity of amphibians to microsite conditions and some of the herbicides and 
surfactants likely to be used under the Proposed Program and Alternatives, it is clear that buffer 
zones are needed, particularly adjacent to shallow wetlands, vernal pools, and ponds and shallow, 
slow-moving, low-volume, and/or intermittent streams. 

Chemicals will be potentially used in the Proposed Program and Alternatives 1, 3, and 4 to only 
treat terrestrial vegetation and only by ground-based application methods. Aquatic environments 
are buffered during spray projects through specific chemical label requirements and court orders 
applicable to specific chemicals, areas, and species. Buffers to protect special status aquatic species 
may be required by Landscape Constraints (LCs) 3 and 5 and Minimum Management Requirements 
(MMRs) 5/6, 11, and 12. While LC 1 does not preclude herbicide treatments within Class I or II 
watercourse buffers, it does require retention of vegetation within and adjacent to Class III 
watercourses, as feasible, to protect water quality, which will preclude herbicide treatments. 
Although LC 3 does not specifically proscribe herbicide treatments of wet meadows, marshes, vernal 
pools, and other wet areas for habitat improvement, measures necessary to minimize damage to 
the wetlands are required. Such measures will likely preclude the application of 2,4-D EHE, only 
allow application of herbicides specifically formulated for aquatic use, and may preclude all 
herbicide treatments.  

5.17.2.2.4.2   Chemical-Specific Risk Characterization 

2,4-D (Sources: FS WSM ver. 6.00.10; USDA/FS 2006a) 
Terrestrial and Aquatic Organism Overview 

The application rates of 2,4-D considered in this risk assessment and potentially used under the 
Proposed Program and Alternatives are the lowest anticipated application rate of 0.5 lb. a.e./acre, 
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the typical application rate of 1 lb. a.e./acre, and the highest anticipated application rate of 4 lbs. 
a.e./acre. 

In its California/Nevada Operations Area, the U.S. FWS considers both the amine and ester 
formulations of 2,4-D to be moderately mobile in soil, moderately soluble in water, and to have a 
low affinity for adsorption to soil and organic matter. (U.S. FWS 2007) 

As stated in USDA/FS 2006a, p. 4-34: “Due to similarities in toxicity, 2,4-D acid, salts, and esters 
are considered together as a single class for the assessment of terrestrial animals. Based on 
differences in toxicity and solubility, 2,4-D acid and salts are considered separately from 2,4-D esters 
for terrestrial plants and aquatic organisms. In general, the esters are more toxic than the acid and 
salts. However, given that 2,4-D esters degrade rapidly to the acid form, risks for esters are 
considered only for acute exposure scenarios. Longer-term exposures in this risk assessment are 
addressed quantitatively only for 2,4-D acid/salts, with the assumption that risks due to esters will 
be no greater than those estimated for 2,4-D acid to which they degrade.” 

The only herbicide analyzed in this PEIR that may be moderately toxic to terrestrial lifeforms is 
2,4-D. The main mode of 2,4-D transport offsite is by spray drift (see Sections 5.17.2.2.3.4. 
Chemical-Specific Exposure Assessments and 5.17.3.1.4 Air Quality). For example, one product label 
(Weed Rhap LV-6D) prohibits application of this herbicide when weather conditions favor drift 
from the target area. Drift will be minimized, as only ground spraying methods will be used in the 
Proposed Program and Alternatives. 

The following is from the SERA RA “Executive Summary Overview” (USDA/FS 2006a, p. xiv): “For 
many pesticides, including 2,4-D, accidental exposure scenarios, some of which are extremely 
conservative and perhaps implausible, lead to risk quotients that exceed the level of concern. 2,4-D 
is, however, somewhat atypical because many non-accidental exposure scenarios – i.e., exposures 
that are plausible under normal conditions of use – also exceed the level of concern and often by a 
very substantial margin.” 

“. . . adverse effects in the normal use of 2,4-D salts or esters could occur in groups of 
nontarget organisms including terrestrial and aquatic plants, mammals, and possibly birds.)” 
(ibid) 

“The results of this risk assessment suggest that consideration should be given to 
alternate herbicides and that the use of 2,4-D should be limited to situations where other 
herbicides are ineffective or to situations in which the risks posed by 2,4-D can be mitigated.” 
(ibid) 

The SERA (USDA/FS 2006a, p. 34) risk assessment for 2,4-D states that: “Over the range of 
application rates used in Forest Service programs, adverse effects are plausible in mammals that 
consume contaminated vegetation and insects after 2,4-D is applied at the typical and maximum 
rates, but [not] at the lower rate. In addition, adverse effects are plausible among carnivorous 
mammals that consume contaminated small mammals after 2,4-D is applied at the typical and 
maximum rates, but not at the lowest anticipated rate.”  These effects would be similar at the rates 
of use anticipated under the Proposed Program, except that, based on the 2012 Worksheets, 
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adverse effects are plausible in mammals that consume contaminated vegetation and insects at all 
application rates. 

As stated in USDA/FS 2006a (p. 4-35), “Based on reproduction studies, birds appear to be more 
tolerant than mammals to 2,4-D, and no effects appear to be plausible based on the longer-term 
exposures of birds to 2,4-D. Adverse effects in birds due to the acute toxicity of 2,4-D is a concern, 
but the plausibility of adverse [effects] in birds is much less compelling than in mammals.” 

Based on pesticide use reported in 2010, about 300 acres of forestland and 2370 acres of 
rangeland will potentially be treated annually with herbicide products containing 2,4-D under the 
Proposed Program and Alternatives. Potential adverse effects to terrestrial organisms from 2,4-D 
would primarily be in forestlands in the Sierra, North Coast, Modoc, and Sacramento Valley 
bioregions and in rangelands in the Central and South Coast, Sacramento Valley, and Sierra 
bioregions (see Section 5.17.1.7 Area Potentially Treated by Chemicals). 

As per USDA/FS 2006a (p. 4-34): “Over the range of 2,4-D acid/salt application rates used in 
Forest Service programs (0.5 to 4 lb a.e./acre) [and potentially used under the Proposed Program 
and Alternatives], adverse effects on fish, amphibians, and aquatic invertebrates are likely only in 
the event of an accidental spill. However, with regard to 2,4-D esters, adverse effects on aquatic 
animals (fish, invertebrates, amphibians) are plausible in association with runoff (all application 
rates) and would be expected with direct application for weed control and in cases of relatively large 
accidental spills.” 

The only herbicide analyzed in this PEIR that is highly toxic to sentient (non-plant) aquatic 
lifeforms, with the exception of glyphosate formulations containing POEA and triclopyr BEE, is 2,4-D 
EHE. 2,4-D EHE has the potential to harm aquatic organisms if it gets into waterbodies in sufficient 
quantities and remains for long enough periods of time. One product label (Weed Rhap LV-6D) 
prohibits application of this herbicide “…directly to water, or to areas where surface water is 
present or to intertidal areas below the mean high water mark.”  It also prohibits applications 
“…when weather conditions favor drift from the target area.”  The main mode of 2,4-D EHE 
transport offsite is by spray drift (see discussion of drift in Section 5.17.3.1.4 Air Quality). Drift will 
be minimized, as only ground spraying methods will be used. 2,4-D EHE is not likely to travel 
through groundwater into water bodies as it is not particularly soluble in water and breaks down 
rapidly by microbial action.  

Based on pesticide use reported in 2010, about 124 acres of forestland and 10 acres of 
rangeland will potentially be treated annually with herbicide products containing 2,4-D EHE under 
the Proposed Program and Alternatives. Potential adverse effects from 2,4-D EHE would most likely 
be to aquatic organisms found in forestland applications, primarily in the Sierra Nevada, Sacramento 
Valley, and North Coast, and Modoc bioregions, and in rangeland applications, primarily in the 
Central and South Coast and Bay Area bioregions. (see Section 5.17.1.7 Area Potentially Treated by 
Chemicals). 

Although Landscape Constraint #3 does not specifically proscribe herbicide treatments for 
habitat improvement in wet meadows, marshes, vernal pools, and other wet areas, measures 
necessary to minimize damage to wetlands are required. Such measures preclude chemical 
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applications to watercourses, waterbodies, or riparian areas and will likely preclude the application 
of 2,4-D EHE. 

Terrestrial Organisms 
Mammals – Hazard Quotients for 2,4-D exceed a LOC for accidental acute exposures in three 

scenarios: a small mammal being directly sprayed over 100% of its body at the upper bound at the 
typical (HQ  1.9) and highest (HQ  8) application rates; a canid drinking water contaminated by a spill 
into a small water body at the upper bound at the typical (4) and highest (6) application rates; and a 
canid consuming fish contaminated by a spill at the upper bound at the lowest (2), typical (4), and 
highest (16) application rates.  

For non-accidental acute exposures, HQs that exceed the LOC range from 1.2 for a large 
mammal consuming contaminated fruit at the upper bound at the highest application rate to 111 
for a small mammal consuming contaminated grass at the upper bound. At the typical application 
rate, HQs range from 1.3 (central bound) for a large mammal consuming short grass to 28 (upper 
bound) for a small mammal consuming grass. HQs for chronic exposures are somewhat lower, at the 
highest application rate ranging from 1.1 (central bound) for a large mammals consuming broadleaf 
foliage to 78 (upper bound) for a small mammal consuming contaminated short grass.  

Small mammals (5 g) appear to be the most likely to experience adverse effects from non-
accidental exposure to 2,4-D, as HQs for all scenarios involving consumption of contaminated fruit, 
vegetation, and insects begin to exceed a LOC (HQs range from 2 to 28) at the central bound at the 
lowest application rate. HQs for larger mammals (400 g) begin to exceed a LOC (HQs from 3 to 6) at 
the upper bound at the typical application rate for all scenarios involving consumption of 
contaminated vegetation. HQs for large mammals (70 kg) begin to exceed a LOC (HQs from 1.3 to 3) 
at the central bound at the highest application rate for all scenarios involving consumption of 
contaminated vegetation. For a canid (5 kg) consuming a contaminated small mammal, the LOC is 
exceeded at all application rates, with HQs ranging from 1.2 to 17. 

HQs for chronic exposures follow a similar pattern to those for non-accidental exposures. Small 
mammals appear to be the most likely to experience adverse effects from chronic exposure to 2,4-
D, as HQs for all scenarios involving consumption of vegetation begin to exceed a LOC (HQs range 
from 1.7 to 4) at the central bound at the typical application rate. HQs for larger mammals begin to 
exceed a LOC (HQs from 2 to 4) at the upper bound at the typical application rate for all scenarios 
involving consumption of contaminated vegetation. HQs for large mammals begin to exceed a LOC 
(HQs of 1.1 & 2) at the central bound at the highest application rate for scenarios involving 
consumption of contaminated broadleaf foliage and short grass. No HQs for a canid exceed a LOC. 

Adverse effects in small mammals consuming contaminated vegetation are anticipated 
beginning at the lowest application rate. Adverse effects are plausible in larger mammals that 
consume contaminated vegetation beginning at the typical rate. Adverse effects are plausible in 
large mammals that consume contaminated vegetation only at the highest rate. For non-canid 
mammals, adverse effects could be anticipated at HQ values of 3 or higher. The potential effects at 
HQ values >1 to <3 cannot be characterized. Based on a comparison of NOAEL and LOAEL values, 
adverse effects such as weight loss and reproductive impairment could occur but might not be 
readily apparent or easy to detect in some non-canid mammals, particularly at the highest 
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application rate. There is no indication that substantial numbers of mammals would be subject to 
lethal exposure to 2,4-D. 

Adverse effects are also plausible among carnivores that consume contaminated small 
mammals at the typical and maximum rates. In canids, adverse effects could be anticipated at HQ 
values of about 7 or more, which is exceeded at the central (10) and upper (17) bounds at the 
highest application rate. As 2,4-D has a low potential to bioconcentrate in fish (the bioconcentration 
factor for fish is taken as 1.0 L/kg for all exposure scenarios) consumption of fish does not affect the 
characterization of risk. 

Birds – Birds appear to be substantially less sensitive than mammals to 2,4-D. However, adverse 
effects in birds due to the acute toxicity of 2,4-D are still a concern. For acute exposures, the risk 
characterization for birds is based on the lowest oral LD50 value from a gavage study where the 
entire dose of 2,4-D was placed into the stomach of the birds at one time. In their normal 
environment birds will typically be exposed much more gradually as they forage. Therefore, the 
plausibility of adverse effects in birds is much less compelling than in the risk characterization for 
mammals.. 

Longer-term HQ values for smaller birds for all scenarios involving consumption of grass are 
above a LOC at the upper bound (1.5 to 3) at the typical application rate and at the central (1.1 to 3) 
and upper (6 to 13) bounds at the highest application rate. The LOC for a large bird (eating 
contaminated short grass) is slightly exceeded only at the upper bound (1.4) at the highest 
application rate. Based on the U.S. EPA’s convention for interpreting HQs based on LD50 values in 
birds, an HQ of 0.5 or more triggers concern for acute toxic effects and an HQ of 0.1 or more 
triggers concern for endangered species. At the upper bound of the typical application rate for 2,4-
D, concern for endangered species is triggered for most scenarios. At the central and upper bounds 
at the highest application rate, the LOC for acute toxicity is triggered for most scenarios. 

Terrestrial Invertebrates – The large number of terrestrial invertebrate species severely limits 
the risk characterization, as studies only involve honey bees, parasitic wasps, millipedes, predacious 
mites, and earthworms. The study on honey bees suggest that even at the highest application rate 
they will not be adversely affected by 2,4-D (all HQ values <1). 

Several studies suggest that 2,4-D can adversely affect survival and growth of terrestrial 
invertebrates. As stated in USDA/FS 2006a, p. 4-38: “Most of the studies that quantify exposure in 
terms of ppm or lb/acre suggest that adverse effects occur at concentrations or application rates 
greater than those typically employed by the U.S. Forest Service, although adverse effects are 
plausible in association with the highest anticipated application rate of 4 lb a.e./acre. Adult 
millipedes, Scytonotus simplex, exposed to a dose of 0.34 mg a.i./cm2 (30 lbs a.e./acre) of the 
butoxyethanol ester of 2,4-D [Esteron 99] had much higher mortality than the control group that 
was not exposed to herbicides (Hoy 1985). The greatest mortality (45%) was observed when 
millipedes were exposed to 2,4-D by contact and through consuming treated food items. Mortality 
was also observed at a much lower application rate of 0.034 mg a.i./cm2 (3 lb a.e./acre).” 

Terrestrial Plants (Macrophytes) – 2,4-D is an “auxin mimic” (synthetic auxin) formulated to 
control many terrestrial and aquatic broadleaf plants, including Canada thistle (Cirsium arvense), 
Cardaria spp., crown vetch (Coronilla varia), Russian knapweed (Acroptilon repens), water hyacinth 
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(Eichhornia crassipes), and sulfur cinquefoil (Potentilla recta). 2,4-D has little or no affect on grasses. 
(TNC 2001) 

Unintended adverse effects on non-target vegetation are plausible from drift or runoff, but 
when 2,4-D is applied properly, these effects could be minor. 

As stated in USDA/FS 2006a, p. 4-39: “2,4-D acid, salts, and esters yield identical patterns of 
toxicity in terms of hazard quotients associated with application method and distance from site of 
application. This is true because the NOAEC values for the most sensitive species are identical for 
2,4-D acid/salts and 2,4-D esters, and within a factor of two for the tolerant species.”  Direct spray at 
the lowest (0.5 lb a.e./acre) and typical application rates (1 lb a.e./acre) is only likely to damage 
sensitive plant species. At the highest anticipated application rate it is likely to affect both sensitive 
and tolerant species. 

Due to site-specific and application specific variables in the AgDrift model used to characterize 
drift, all risk characterizations for drift should be “viewed as only a crude approximation of the 
potential for damage during any actual application.) (USDA/FS 2006a, p. 4-39)  “Whether or not 
damage due to drift would actually be observed after the application of 2,4-D depends on a several 
site-specific conditions, including wind speed and foliar interception by the target vegetation.” 
USDA/FS 2006a, p. 4-39. Spray drift will affect sensitive species within 100 feet for ground 
application, while tolerant species are not affected beyond the site of application at any application 
rate. 

Wind erosion of soil is not likely to result in exposures of concern. At the highest application 
rate for any form of 2,4-D, the upper bound HQ for the most sensitive species is only 0.07. 

Off-site transport of 2,4-D by runoff and sediment losses could cause substantial damage to 
sensitive, but not tolerant, species under high rainfall rates in clay or loam soils. “Adverse effects in 
sensitive species could be expected at the lowest and typical application rates in clay soils in regions 
receiving more than 15 inches of rainfall annually. Adverse effects in sensitive species could be 
expected at the lowest anticipated application rate in regions receiving greater than 25 inches of 
rainfall annually. Adverse effects could be expected when the highest anticipated application rate is 
employed in areas with loam soils receiving greater than 100 inches of rainfall annually. In 
predominantly sandy soils, the major transport mechanism is percolation into the soil with very little 
risk of off-site loss due to runoff or sediment loss.” (USDA/FS 2006a, p. 4-39) 

To summarize, “nontarget plant species could be adversely affected by the runoff, sediment 
loss, or off-site drift of 2,4-D under a variety of different scenarios depending on local site-specific 
conditions that cannot be generically modeled. If 2,4-D is applied in proximity to sensitive crops or 
other desirable sensitive plant species, site-specific conditions and anticipated weather patterns 
need to be considered, if unintended damage is to be avoided.” (USDA/FS 2006a, p. 4-40) 

Terrestrial and Aquatic Microorganisms – Information from studies on the toxicity of 2,4-D to 
soil bacteria and fungi is not useful for making definitive conclusions about the toxicity of 2,4-D to 
soil microorganisms. When 2,4-D is applied at rates at or above those typically used by the U.S. 
Forest Service, 2,4-D could have at least a transient impact on soil algae. 

Aquatic Organisms 
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Fish – The risk characterization for fish differs markedly between the DMA salt and the esters, 
due to the higher acute toxicity of 2,4-D esters. 

In the event of an accidental spill, no adverse acute effects are likely in fish at any application 
rate of 2,4-D acid and salts. Only acute risks are estimated for 2,4-D esters, due to the rapid 
degradation of esters to the acid form. Adverse effects in sensitive fish, including substantial 
mortality, would be expected for 2,4-D esters, as the HQ values range from 15 at the central bound 
of the typical application rate to 465 at the upper bound of the highest application rate. Adverse 
acute effects are plausible in tolerant species at the upper bound at typical and maximum 
application rates.  

Based on standard EPA HQ trigger values (0.05 for endangered species and 0.5 for acute toxicity 
in non-endangered species), concern for acute toxicity is triggered only in the case of an accidental 
spill at the highest application rate. Concern for endangered species is triggered only for accidental 
spills across the range of application rates. For non-accidental exposures, none of the LOCs are 
triggered. 

Amphibians – Only acute exposures for amphibians are evaluated since no chronic data are 
available. The ester forms of 2,4-D are much more toxic than the acid or salts. For both forms, the 
HQ values are based on LC50 values rather than NOEC values. Over the range of application rates 
used in U.S. Forest Service programs and potentially used under the Proposed Program and 
Alternatives, acute adverse effects on sensitive species of amphibians from 2,4-D acid and salts are 
likely only in the event of an accidental spill. HQ values exceed one (1) only for the upper bound of 
the typical application rate and the central and upper bounds for the highest application rate. 

Adverse effects to sensitive and tolerant species from 2,4-D esters are plausible with relatively 
large accidental spills and runoff at all application rates. For accidental spills, HQ values exceed a 
LOC at both the central (18) and upper (144) bounds at the upper application rate. For runoff, LOCs 
are only exceeded for the upper bound at the upper application rate.  

Aquatic Invertebrates – As with fish and amphibians, the acute HQs are based on LC50 values 
rather than NOEC values and triggers for concern are 0.05 for endangered species and 0.5 for acute 
toxicity. 

Adverse effects on aquatic invertebrates over the range of 2,4-D acid and salts application rates 
are likely only in the event of an accidental spill. No LOCs are triggered for acute toxicity for 2,4-D 
acid and salts based on peak or longer-term concentrations (HQs <0.5). At the highest application 
rate of 4 lb a.e./acre, an upper bound HQ of 0.07 is marginally higher than the trigger of 0.05 for 
endangered species. Accidental spills trigger concern for endangered species at the lowest 
application rate (an upper bound HQ of 0.4) and the level of concern for toxicity is triggered by 
accidental spills at application rates of 1 lb a.e./acre (an upper bound HQ of 0.7) and 4 lb a.e./acre 
(an upper bound HQ of 3). 

HQs for 2,4-D esters are elevated for sensitive species for every scenario evaluated. For tolerant 
species, LOCs are triggered only for an accidental spill.  

This risk assessment assumes modeled water concentrations for the accidental spill and direct 
application scenarios that exceed the target water concentration (1.250 mg/L or lower) determined 
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by the U.S. EPA to adequately protect endangered species of invertebrates from adverse effects 
associated with 2,4-D. Sediment dwelling organisms are also likely to be adversely affected by 
exposure to BEE. 

Aquatic Plants (Algae and Macrophytes) – On the basis of limited testing, 2,4-D acid and salts 
are less toxic than 2,4-D esters. Aquatic macrophytes appear to be more sensitive than algae to 
both acid/salts and esters. 

Damage to aquatic vegetation is likely in the event of an accidental spill of 2,4-D acid and salts 
and is almost certain to cause damage to sensitive macrophytes at all application rates and to 
sensitive algae at the central and upper bounds at typical and maximum application rates. It is 
plausible that tolerant macrophytes will experience damage at the central and upper bounds at 
typical and maximum application rates. 

In the event of an accidental spill of 2,4-D ester, damage is almost certain to sensitive 
macrophytes and algae at all application rates. It is plausible that tolerant macrophytes and algae 
will experience damage at the central and upper bounds at typical and maximum application rates 
(except for algae at the central bound at the typical rate). 

In non-accidental, longer-term exposure scenarios, risks to sensitive aquatic macrophytes and 
algae could occur at or near the upper bound at the typical and highest application rates. 

As stated in USDA/FS 2006a, p. 4-45: “This risk characterization is qualitatively consistent with 
that of U.S. EPA/OPP (2004b, p. 76) which concludes: 

“Using the most toxic definitive aquatic plant study available among the 2,4-D acid and 
amine salts for each class of aquatic plants it was concluded that aquatic vascular plant 
endangered species LOCs [levels of concern] are only exceeded from terrestrial use on 
pasture and apples.” 

“For the 2,4-D EHE the results from the ester drift analysis scenario, the acute and 
endangered species LOCs are not exceeded for any of the scenarios. Additionally, the acute 
and endangered species levels of concern were not exceeded for the IPE which is only 
registered for use on citrus.” 

Borax (Sources: FS WSM ver. 6.00.10; SERA 2006a) 
Terrestrial and Aquatic Organism Overview 

Three exposure scenarios are considered: 1) the direct consumption of Sporax® applied to tree 
stumps (acute exposure), 2) consumption of water contaminated by an accidental spill (acute 
exposure), and 3) acute and chronic exposure by consumption of water contaminated by runoff. 
Other than the direct consumption of Sporax® applied to tree stumps, none of the exposure 
scenarios for terrestrial organisms are associated with HQs that exceed the LOC. 

For terrestrial species, risks associated with the application of Sporax® to tree stumps appear to 
be very low. At the application rates (lowest 0.1 lb./acre, typical 1 lb./acre, and highest 5 lbs./acre) 
and methods used in U.S. Forest Service programs and likely to be used under the Proposed 
Program and Alternatives, Sporax® will not substantially contribute to or increase boron 
concentrations in water or soil beyond those that are associated with its normal occurrence in the 
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environment. The highest HQ (5.6), for the direct consumption of Sporax® from a tree stump by a 
large mammal, is at the upper bound at the highest application rate. 

Most aquatic animals do not appear to be at risk for any of the exposure scenarios (water 
contaminated by accidental spill or by runoff). Accidental spill of large quantities of Sporax® into a 
small pond may result in toxicity in amphibians. 

HQs for aquatic plants for the accidental spill scenario and for acute and longer-term exposures 
to water contaminated by runoff are well below the LOC. Sensitive aquatic microorganisms may be 
at risk following an accidental spill of a large quantity (25 pounds) of Sporax® into a small pond, but 
exposure via runoff does not present a risk. 

Terrestrial Organisms 
Mammals and Birds – For the direct consumption scenario, there appears to be very little risk 

to either mammals or birds. Only a large mammal, such as a deer, consuming Sporax® from a 
treated stump is at risk, with HQs exceeding the LOC at the upper bound (HQ 1.1) at the typical 
application rate and at the central (HQ 1.7) and upper bound (HQ 5.6) at the highest rate. However, 
Sporax® applied to tree stumps does not appear to attract deer and deer allowed free access to 
Sporax®-treated stumps showed no clinical signs of toxicity.  

Risk associated with other exposure scenarios are very low, as Sporax will not substantially 
contribute to or increase boron concentrations in water or soil beyond those that are associated 
with its normal occurrence in the environment. 

Terrestrial Invertebrates – Exposure assessments were not conducted for insects, so risk of 
exposure cannot be characterized quantitatively. Borax is used effectively to control insects, so 
adverse effects of environmental exposures are possible. However, given the atypical application 
method for Sporax®, widespread exposures are not likely. 

Terrestrial Plants (Macrophytes) – Even at the at the maximum application rate potentially 
used under the Proposed Program and Alternatives, non-target terrestrial plants do not appear to 
be at risk from exposure to borax, as no HQ values exceed the LOC. However, since this risk 
assessment is based on data from relatively few terrestrial plant species, more sensitive species may 
exist and may be at risk for boron-induced toxicity. 

Terrestrial and Aquatic Microorganisms – Exposure assessments were not conducted for soil 
microorganisms, so risk of exposure cannot be characterized quantitatively. Borax is effective as 
either a fungicide or an insecticide. Sporax® will be used in the Proposed Program and Alternatives 
as a fungicide, to control annosum root rot, so adverse effects of environmental exposures are 
possible. However, given the atypical application method for Sporax®, widespread exposures are 
unlikely. 

Aquatic Organisms 
Fish – HQs associated with acute exposure of fish to water contaminated by an accidental spill 

or runoff are all below the LOC, so there is no indication that adverse effects will occur. For chronic 
exposure of fish to water contaminated by runoff, HQs for both sensitive (HQ 4) and tolerant (HQ 2) 
species are above the LOC only at the upper bound at the highest application rate. Adverse effects 
on non-target fish are plausible for longer-term exposures. 
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Amphibians – If large amounts (25 pounds) of Sporax® accidentally contaminate surface 
waters, such as a small pond, amphibians may be at risk. HQs for both sensitive and tolerant species 
exceed one at the highest application rate and the upper bound at the typical rate. 

HQs for acute and chronic exposure of amphibians to water contaminated by runoff are above 
the LOC for both sensitive and tolerant species at the upper bound at the highest application rate. 
Although HQs are below the LOC at the lower and central bounds at the highest application rate, 
adverse effects on amphibians are plausible for either acute or longer-term exposures at the upper 
bound at the highest application rate. 

Aquatic Invertebrates – HQs for acute and chronic exposure of aquatic invertebrates to water 
contaminated by runoff are all below the LOC. There is no basis for asserting that adverse effects 
are likely for either acute or longer-term exposures to Sporax®. 

Aquatic Plants (Algae and Macrophytes) – HQs for the accidental spill scenario and for acute 
and longer-term exposures to water contaminated by runoff are well below the LOC. There is no 
basis for asserting that effects on aquatic macrophytes or algae are likely for either acute or longer-
term exposures. 

Aquatic Microorganisms – HQs for the most sensitive species (but not tolerant species) of 
microorganisms exceed the LOC for all accidental spill scenarios. All HQs are below the LOC for both 
sensitive and tolerant species for acute exposure to water contaminated by runoff. More sensitive 
microorganisms may be at risk following an accidental spill of large quantities of Sporax® into a 
small pond, but exposure via runoff does not present a risk to aquatic microorganisms. 

Clopyralid (Sources: FS WSM ver. 6.00.07 & 6.00.10; SERA 2004a) 
Terrestrial and Aquatic Organism Overview 

The SERA 2004a risk assessment for clopyralid uses a typical application rate of 0.35 lb a.e./acre 
and an upper application rate of 0.5 lb a.e./acre. In California the maximum allowable application 
rate is 0.25 lb a.e./acre. Therefore, information from the SERA 2004a “Risk Characterization” section 
is adjusted to reflect a lower application rate. 

The SERA 2004a risk assessment for clopyralid anticipated no adverse effects in terrestrial or 
aquatic animals from the use of clopyralid in U.S. Forest Service programs at the typical application 
rate of 0.35 lb a.e./acre. However, using the 2012 Excel Worksheets, at an application rate of 0.25 lb 
a.e./acre, HQs are above the LOC at the upper bound for some exposure scenarios for terrestrial 
organisms. 

For aquatic organisms, HQs are only above the LOC at the central and upper bounds for the 
acute accidental spill exposure scenario for tolerant aquatic macrophytes (no data on sensitive 
species) and for sensitive algae at the upper bound.  

Terrestrial Organisms 
Mammals – At an application rate of 0.25 lb a.e./acre, HQs for all terrestrial organisms are 

above the LOC at the upper bound for all acute and chronic exposure scenarios of small mammals 
consuming contaminated grass and broadleaf foliage. HQs range from 1.3 to 6, with the highest HQ 
for a small mammal consuming contaminated short grass. The only scenario where the HQ (1.4) for 
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a larger animal exceeds the LOC is for long-term consumption of contaminated short grass. 
However, the scenario of a mammal consuming vegetation on-site is essentially used as a very 
conservative/extreme screening scenario. It assumes that animals stay in treated areas consuming 
nothing but contaminated vegetation. Since most forms of vegetation would likely die after 
herbicide applications, or at least be substantially damaged, this exposure scenario is implausible. 
Still, adverse acute and chronic effects are plausible based on consumption of contaminated 
vegetation, especially longer term consumption of short grass, by small mammals. 

Birds – HQs for small birds are above the LOC at the upper bound for chronic exposure 
scenarios involving consumption of contaminated fruit, tall and short grass, and vegetation. HQs 
range from 1.3 to 15, with the highest HQ for a small bird consuming contaminated vegetation. The 
HQ (1.3) also exceeds the LOC for a small bird consuming contaminated tall grass at the central 
bound. The only scenario where the HQ (1.7) for a larger bird exceeds the LOC is for consumption of 
contaminated vegetation. However, the scenario of a bird consuming vegetation on-site is 
essentially used as a very conservative/extreme screening scenario. It assumes that animals stay in 
treated areas consuming nothing but contaminated vegetation. Since most forms of vegetation 
would likely die after herbicide applications, or at least be substantially damaged, this exposure 
scenario is implausible. Still, adverse chronic effects are plausible based on consumption of 
contaminated vegetation, especially longer term consumption by small birds. 

Terrestrial Invertebrates – As there is a dearth of data available, values relating to honey bee 
exposure are used to represent the effects clopyralid may have on terrestrial invertebrates. 

At the highest application rate of 0.25 lb a.e./acre, the estimated maximum concentrations of 
clopyralid in clay soil would range from about 0.066 mg/kg at an annual rainfall of 10 inches to 0.07 
mg/kg at an annual rainfall of 100 inches. Due to percolation, concentrations in loam and sand soils 
would be less. Concentrations of clopyralid in clay, loam, and sand over a wide range of rainfall rates 
are summarized in Table 4-2 in SERA 2004a (p. Tables-12). 

While the available toxicity data on soil organisms are limited, these projected maximum 
concentrations in soil are far below potentially toxic levels. Information on the toxicity of clopyralid 
to soil organisms is limited, consisting only of an acute LC50 value for earthworms reported as >1000 
mg/kg soil and a report on soil microorganisms indicating an NOEC of 10 ppm soil for effects on 
nitrification, nitrogen fixation, and degradation of carbonaceous material. This information does not 
provide any basis for asserting that adverse effects on soil invertebrates are plausible. (SERA 2004a, 
p. 4-25) 

Terrestrial Plants (Macrophytes) – Clopyralid is an auxin-mimicking herbicide that is formulated 
to control many annual and perennial broadleaf plants, particularly of the Asteraceae (sunflower), 
Fabaceae (legume), Polygonaceae (knotweed), and Solanaceae (nightshade) families. It has been 
used to control non-native invasive species such as Canada thistle, Russian knapweed, yellow star 
thistle, and English ivy. Like other auxin-mimicking herbicides, clopyralid has little to no effect on 
grasses and other monocots, plants in the Brassicaceae (mustard) family, and several other groups 
of broad-leaved plants. (TNC 2001) 

Clopyralid is an extremely effective herbicide in trace concentrations. Studies have determined 
that it will bind to organic matter when treated vegetation is composted and will remain active for 
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some time. If the compost is spread around susceptible non-target plants, they could be damaged 
or killed. If livestock eat clopyralid-treated vegetation, the chemical will pass through the digestive 
system and be eliminated in manure, still in an active form. Wherever the manure lands, susceptible 
non-target plants could be damaged or killed. (TNC 2001) 

Drift is likely to cause adverse effects on some non-target plant species under certain 
application conditions and circumstances. Off-site drift of clopyralid associated with ground 
applications may cause damage to sensitive plant species at distances of about 300 feet (HQ 2) from 
the application site. Tolerant plant species would probably not be impacted and might show 
relatively little damage. 

As stated in SERA 2004a, p. 4-25, “The situational variability in the exposure assessments for 
runoff, wind erosion, and irrigation water has a substantial impact on the characterization of risk for 
sensitive non-target plant species. All of these scenarios may overestimate or underestimate risk 
under certain conditions.” 

The SERA 2004a (p. 4-23) risk assessment for clopyralid states that: “Because of the tendency 
for clopyralid to move into soil rather than to be transported by runoff and because of the greater 
toxicity of clopyralid by foliar deposition compared to soil contamination, off-site movement of 
clopyralid by soil runoff does not appear to be substantial risk to nontarget plant species.”  Runoff 
does not appear to present a significant risk to sensitive or tolerant non-target plant species even 
under conditions in which runoff is favored (clay soil over a very wide range of rainfall rates). 

Wind erosion could lead to adverse effects in sensitive plant species. Soil losses by wind erosion 
are substantially less than off-site losses associated with runoff from clay soils, but similar to off-site 
losses from drift in the range of about 200-900 feet from the treatment site. Wind erosion of 
contaminated soil is most plausible in relatively arid environments and if local soil surface and 
topographic conditions are favorable. 

As stated in SERA 2004a, p. 4-25: “The simple verbal interpretation for this quantitative risk 
characterization is that sensitive plant species could be adversely affected by the off-site drift of 
clopyralid under a variety of different scenarios depending on local site-specific conditions that 
cannot be generically modeled. If clopyralid is applied in the proximity of sensitive crops or other 
desirable sensitive plant species, site-specific conditions and anticipated weather patterns will need 
to considered if unintended damage is to be avoided. More tolerant plant species are not likely to be 
affected unless they are directly sprayed.” 

Terrestrial and Aquatic Microorganisms – At the highest application rate of 0.25 lb a.e./acre, 
the estimated maximum concentrations of clopyralid in clay soil would range from about 0.066 
mg/kg at an annual rainfall of 10 inches to 0.07 mg/kg at an annual rainfall of 100 inches. Due to 
percolation, concentrations in loam and sand soils would be less. Concentrations of clopyralid in 
clay, loam, and sand over a wide range of rainfall rates are summarized in Table 4-2 in SERA 2004a 
(p. Tables-12). 

As stated in SERA 2004a, p. 4-26: “While the available toxicity data on soil organisms are 
limited, these projected maximum concentrations in soil are far below potentially toxic levels. The 
information on soil organisms is limited, however, consisting only of an acute LC50 value for 
earthworms reported as >1000 mg/kg soil (Section 4.3.2.3) and a report in soil microorganisms 
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indicating an NOEC of 10 ppm soil for effects on nitrification, nitrogen fixation, and degradation of 
carbonaceous material (Section 4.3.2.5). Nonetheless, this information does not provide any basis 
for asserting that adverse effects on soil organisms are plausible.” 

Aquatic Organisms 

The SERA 2004a (p. 4-23) risk assessment for clopyralid states that: “Aquatic plants do not 
appear to be at any substantial risk from any plausible acute or chronic exposures. In the very 
extreme case of an accidental spill of a large amount of the herbicide into a relatively small body of 
water, sensitive aquatic plants could be damaged.” 

Clopyralid appears to have a very low potential to cause any adverse effects in any aquatic 
species, although there is no data available for amphibians or sensitive species of invertebrates or 
macrophytes, so risk is not characterized for these aquatic organisms. 

Fish – There are no exposure scenarios for fish that approach a LOC. Chronic toxicity studies in 
fish are lacking. For the HQ in fish to reach a LOC they would have to be more sensitive than 
daphnids by a factor of 2500, based on the maximum HQ (0.0004) for daphnids for chronic 
exposures, at an application rate of 0.25 lb./acre. It is unlikely that fish would experience acute or 
chronic adverse effects at the maximum application rate. 

Concentrations of clopyralid in ambient water with an application rate of 0.25 lb/acre are 
estimated to be no greater than 0.00325 mg/L over prolonged periods of time. The peak 
concentration associated with runoff or percolation is estimated to be no more than 0.0175 mg/L. 

Amphibians – No toxicity data is available for amphibians so risk is not characterized. 

Aquatic Invertebrates – There are no acute or chronic exposure scenarios for tolerant species 
of aquatic invertebrates where the HQ exceeds the LOC. No toxicity data is available for sensitive 
species of invertebrates, so risk is not characterized for these aquatic organisms. It is unlikely that 
aquatic invertebrates would experience acute or chronic adverse effects at the maximum 
application rate. 

Aquatic Plants (Algae and Macrophytes) – The HQs for tolerant species of aquatic 
macrophytes for accidental acute exposures range from 11 at the central bound to 114 at the upper 
bound, well above the LOC. HQs for all other exposure scenarios for tolerant species are well below 
the LOC. No toxicity data is available for sensitive species of macrophytes, so risk is not 
characterized. The HQ for sensitive species of algae for accidental acute exposures is 1.7 at the 
upper bound. HQs at the central and lower bounds for both sensitive and tolerant algae are well 
below the LOC. There is no basis for asserting that effects on non-target aquatic plants are likely, 
except in cases of accidental contamination of a small body of water, when adverse effects in 
sensitive aquatic plants are plausible. 

Glyphosate (Sources: FS WSM v. 6.00.10; SERA 2011b; U.S. EPA. 2009c) 
Terrestrial and Aquatic Organism Overview 

Glyphosate is a broad-spectrum, nonselective systemic herbicide that is formulated to suppress 
or kill many grasses, forbs, vines, shrubs, and trees. It is commonly used in natural areas to control 
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many non-native invasive species. But because it is nonselective it should be used carefully so as not 
to damage or kill desirable native plants. (TNC 2001) 

Glyphosate can be applied to the foliage, green stems, and cut-stems (cut-stumps) of terrestrial 
plants, but is unable to penetrate woody bark. Since glyphosate by itself is essentially non-toxic to 
submersed plants, specific formulations (e.g., Rodeo®) are registered for aquatic use. These 
formulations do not have the adjuvants that may be toxic to aquatic plants and animals. (ibid) 

This risk characterization is based on the following ground application rates that may 
potentially be used under the Proposed Program and Alternatives: lowest application rate of 0.29 lb. 
a.e./acre, typical application rate of 2.0 lbs. a.e./acre, and highest application rate of 8.0 lbs. 
a.e./acre. 

This risk characterization of glyphosate is designed to clearly differentiate between the more 
toxic and less toxic formulations. As stated in SERA 2011b, p. 201: “While some, formulations cannot 
be easily classified as more or less toxic, the general approach discussed in the dose-response 
assessment (Section 4.3.1) is applicable to the risk characterization: any formulation that contains a 
POEA surfactant should be regarded as more toxic, unless there is compelling evidence to the 
contrary. If the presence and/or toxicity of the surfactants in the formulation cannot be determined, 
it is prudent to classify the formulation as more toxic.” 

For terrestrial organisms other than plants, applications of up to 2.5 lb a.e./acre of the more 
toxic formulations of glyphosate do not present any apparent risks. At application rates greater than 
2.5 lb a.e./acre, risks to mammals cannot be ruled out at upper bound estimates of exposure, but 
are not apparent at central estimates of exposure. At application rates greater than approximately 
3.3 lb a.e./acre, the HQs for birds modestly exceed the LOC, but there is no demonstrated evidence 
that these exposure levels will cause overt toxicity in birds. 

Risks to terrestrial insects from dietary exposures are of greater concern than risks from direct 
spray. As stated in the “Overview” in SERA 2011b, p. 201, “Based on upper bound estimates of 
exposure at the maximum application rate of 8 lb a.e./acre, the HQs for terrestrial insects can reach 
a value of 10. Concern for terrestrial invertebrates is enhanced by two toxicity studies using South 
American formulations of glyphosate in which adverse effects on reproduction and development 
were noted. While most field studies suggest that effects on terrestrial invertebrates are due to 
secondary effects on vegetation, the field studies do not directly contradict the South American 
toxicity studies or the HQs.” 

“The risk characterization for aquatic organisms suggests that amphibians are the group 
at greatest risk both in terms of sensitivity and severity of effects. At an application rate of 1 
lb a.e./acre, the upper bound HQ for amphibians is 2. The corresponding HQs for other 
groups of aquatic organisms are 1.7 for fish, 1.1 for invertebrates, 1.0 for algae, and 0.008 
for aquatic macrophytes. Concern for amphibians is enhanced by the Howe et al., (2004) 
study which indicates that two formulations of Roundup as well as the POAE surfactant used 
in some of the more toxic formulations of glyphosate are associated with the development of 
intersex gonads. The HQs for aquatic species will increase linearly with the application rate. 
Because the upper bound HQs for most groups of aquatic organisms exceeds or reaches the 
level of concern at the relatively low application rate of 1 lb a.e./acre, care should be 
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exercised when applying more toxic formulations of glyphosate near surface water.” (SERA 
2011b, p. 202) 

“The less toxic formulations of glyphosate do not appear to present any risks to 
terrestrial organisms other than terrestrial plants. Unlike the case with more toxic 
formulations, risks to amphibians and aquatic invertebrates appear to be insubstantial. Algae 
appear to be the most sensitive group of nontarget aquatic organisms. At an application rate 
of 1 lb a.e./acre, the upper bound of the HQ for sensitive species of algae is 0.8.” (ibid) 

“Risks to fish cannot be ruled out based on standard and conservative assumptions and 
methods for applications of less toxic formulations of glyphosate at rates in excess of about 
2.5 lb a.e./acre (acute effects). It seems most likely, however, that adverse effects would be 
observed in stressed populations of fish and less likely that effects would be noted in 
otherwise healthy populations of fish.” (ibid) 

“The less toxic formulations of glyphosate require the use of a surfactant. Some 
surfactants such as Agri-Dex (LC50 >1000 mg/L) are virtually nontoxic, and the use of a 
nontoxic surfactant would have no substantial impact on the risk characterization. Based on 
the available toxicity data in fish and aquatic invertebrates, some surfactants that may be 
used with the less toxic formulations of glyphosate could pose a much greater risk than the 
glyphosate formulation itself.” (ibid) 

Terrestrial Organisms 
The most recent for glyphosate differentiates risk between the more toxic and the less toxic 

formulations. Formulations that are known to contain the surfactant POEA are considered more 
toxic. Formulations where the toxicity or presence of surfactants is unknown are also considered 
more toxic. As stated in the SERA risk assessment (SERA 2011d, p. 201): 

For terrestrial organisms other than plants, applications of up to 2.5 lbs a.e./acre of the 
more toxic formulations do not present any apparent risk, based on upper bound estimates 
of exposure levels. At application rates greater than 2.5 lbs a.e./acre, risks to mammals 
cannot be ruled out, based on upper bound estimates of exposure; however, no risks are 
apparent, based on central estimates of exposure. At application rates greater than 
approximately 3.3 lbs a.e./acre, the HQs for birds modestly exceed the level of concern; 
however, there is no demonstrated evidence that these exposure levels will cause overt 
toxicity in birds. 

The less toxic formulations of glyphosate do not appear to present any risks to terrestrial 
organisms other than terrestrial plants. 

Mammals – For more toxic formulations of glyphosate, HQs for accidental acute exposures 
exceed the LOC only at the highest application rate at the central and upper bounds. For non-
accidental acute exposure at the typical application rate, central bound, only small mammals have a 
HQ (1.6) exceeding the LOC, from consuming contaminated tall and short grass. At the upper bound, 
HQs range from 1.1 to 8 for non-accidental acute exposures to small mammals consuming broadleaf 
foliage (4), tall and short grass (both 8), and insects (1.1) and large (70 kg) mammals consuming 
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short grass (HQs of 1.8). For chronic (long term) exposure at the typical application rate, upper 
bound, only small mammals consuming short grass have a HQ (1.3) exceeding the LOC.  

At the highest application rate of glyphosate, the only HQ above the LOC for the accidental 
direct spray scenario is for a small mammal at the central (1.1) and upper (2) bounds. At the central 
bound non-accidental acute exposure HQs range from 3 to 7 for small mammals consuming 
broadleaf vegetation and at the upper bound HQs range from 3 to 32 for small mammals consuming 
fruit (3), broadleaf foliage (18), tall and short grass (each 32), and insects (4). HQs for larger (400g) 
mammals consuming vegetation or insects at the upper bound range from 3 to 7 and HQs for large 
mammals consuming vegetation range from 1.9 to 4, modestly greater than the LOC. For chronic 
(long term) exposure, HQs for small mammals consuming short grass (1.3) exceed the LOC only at 
the typical application rate (upper bound) and at the highest application rate central (1.1) and upper 
(5) bounds and for larger mammals consuming short grass (HQ 1.2). Based on the upper bound at 
the highest application rate, adverse effects are plausible only for small mammals consuming 
contaminated tall and short grass.  

For these worst-case exposure assessments, at the central bound at the typical application rate 
and the upper bound at the highest application rate, adverse effects are plausible only for small 
mammals consuming contaminated broadleaf foliage and tall and short grass. However, well-
documented field studies have not identified adverse effects in populations of small mammals 
following applications of Roundup and an unidentified formulation of glyphosate. 

For less toxic formulations of glyphosate, at the typical application rate, HQs exceed the LOC 
only at the upper bound, for small mammals for the scenarios of accidental acute exposure from 
consuming contaminated broadleaf foliage (HQ 1.6) and tall and short grass (HQs 3). HQs for most 
of the other scenarios at the central bound are well below the LOC. Based on the upper bound at 
the highest application rate, adverse effects are plausible only for small mammals consuming 
contaminated broadleaf foliage and tall and short grass.  

Birds – For more toxic formulations of glyphosate, there are no HQs that exceed the LOC for the 
accidental direct spray scenario. At the typical application rate, central bound, only small birds have 
a HQ (1.3) exceeding the LOC, for the scenario of non-accidental acute exposure from consuming 
contaminated short grass. At the upper bound, HQs range from 3 to 6 for non-accidental acute 
exposures to small birds consuming broadleaf foliage (4), tall (3) and short (6) grass. For chronic 
(long term) exposure at the typical application rate, upper bound, HQs exceed the LOC for small 
birds consuming tall (7) and short grass (6) and for large birds consuming short grass (1.4). 

At the highest application rate of glyphosate, for the non-accidental acute exposure (central 
bound) HQs range from 2 to 5 for small birds consuming vegetation. At the upper bound, HQs range 
from 1.9 to 25 for small birds consuming fruit (1.9), broadleaf foliage (14), tall (12) and short (25) 
grass, and insects (3). HQs for larger (400g) birds consuming vegetation at the upper bound are 1.3 
for tall grass and 3 for short grass, modestly greater than the LOC. For chronic (long term) exposure, 
HQs at the upper bound at the highest rate range from 4 to 51 for small birds consuming fruit (4), 
tall grass (29), short grass (23), and contaminated vegetation (51). Based on the upper bound at the 
highest application rate, adverse acute effects and longer term chronic effects from exposure to the 
more toxic formulations of glyphosate are plausible for small birds consuming contaminated tall and 
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short grass and vegetation. However, longer term worst-case exposure assessments are based on 
the assumption that 100% of the diet is contaminated, which is unlikely, as birds may feed only 
sporadically in treated areas. 

For less toxic formulations of glyphosate, there are no HQs that exceed the LOC for the 
accidental direct spray scenario at either the typical or highest rate of application. At the typical 
application rate, HQs exceed the LOC only at the upper bound for small birds for the scenarios of 
non-accidental acute exposure from consuming contaminated broadleaf foliage (1.3) and short 
grass (2). HQs for the other exposure scenarios at the central bound are well below the LOC. At the 
upper bound, HQs range from 1.2 to 9 for small birds consuming broadleaf foliage (5), tall (4) and 
short (9) grass, and insects (1.2). For chronic (long term) exposure, HQs at the upper bound at the 
highest rate range from 3 to 38 for small birds consuming fruit (3), tall grass (21), short grass (17), 
and contaminated vegetation (38) and large birds consuming tall and short grass (both 2) and 
contaminated vegetation (4). Based on the upper bound at the highest application rate, adverse 
acute effects and longer term chronic effects from exposure to the more toxic formulations of 
glyphosate are plausible for small birds consuming contaminated tall and short grass and vegetation. 
However, longer term worst-case exposure assessments are based on the assumption that 100% of 
the diet is contaminated, which is unlikely, as birds may feed only sporadically in treated areas. 

Terrestrial Invertebrates – Risks from direct spray and off-site drift are based on the direct 
spray of a honeybee. At the highest application rate of 8 lb a.e./acre, the HQ would be about 2.4, 
modestly higher than the LOC. As stated in SERA 2011b, p. 205, “Thus, while risks to honeybees from 
a direct spray cannot be excluded at the highest application rate, the effects would not be 
substantial and probably would not be detectable. Regardless of the application rate, no exposures 
associated with spray drift exceed the level of concern at any application rate.” 

At the upper bound at the highest application rate, HQs exceed the LOC for terrestrial 
invertebrates consuming short grass (10), broadleaf vegetation and small insects (6), and long grass 
(5). However, the use of toxicity data on honeybees as a surrogate for other terrestrial invertebrates 
consuming contaminated vegetation or prey adds uncertainty to this quantitative risk 
characterization. Two studies raise concerns that moderate to high application rates of more toxic 
formulations of glyphosate could have an adverse impact on some terrestrial invertebrates. For the 
most part, available field studies on terrestrial invertebrates do not reinforce a concern for 
terrestrial invertebrates. Most field studies suggest that effects on terrestrial invertebrates will be 
minimal and secondary to changes in vegetation. 

Terrestrial Plants (Macrophytes) –SERA 2011d (p. 201) found that: “Glyphosate is an effective 
post emergent herbicide. Foliar applications of glyphosate with an effective surfactant (POEA or 
otherwise) may pose a risk to terrestrial plants. The direct spray of a nontarget terrestrial plant at an 
effective application rate is likely to kill or seriously injure most plants. Nonetheless, substantial 
differences in sensitivity to glyphosate are apparent among different species of plants. For sensitive 
species, offsite drift of glyphosate can pose a risk. The nature of the risk depends on the application 
rate, application method, and site-specific conditions that affect the extent of drift.” 

In direct foliar applications, glyphosate is an extremely effective herbicide. No distinction is 
made in the dose-response assessment between more and less toxic glyphosate formulations for 
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terrestrial plants. Direct spray HQs are 1,538 for sensitive species and 4 for tolerant species at the 
typical application rate. At the highest application rate the HQs are three times higher. Over the 
range of glyphosate application rates that might potentially be used under the Proposed Program 
and Alternatives, the unintended direct spray of non-target terrestrial vegetation will potentially 
damage tolerant plant species and is certain to kill sensitive species. 

The risk characterization for drift differs substantially for sensitive and tolerant species of 
macrophytes. At the typical application rate of 2 lb a.e./acre, risks to sensitive species from drift 
exceed the LOC at distances of 100 feet for backpack applications. To reach a LOC at 900 feet 
downwind would require glyphosate to be applied at a rate of 5 lbs. a.e./acre. For ground broadcast 
applications the LOC for sensitive species would be exceeded at 900 feet (HQ 1.7) from the 
application site, but tolerant species would exceed the LOC only at the application site. All of the 
HQs would increase by three times at the highest application rate. For tolerant species, risks 
associated with drift appear to be minimal as a result of backpack and ground broadcast 
applications.  

Glyphosate is not particularly effective as an herbicide at any application rate when applied to 
soils. All HQs, even at the highest application rate, are substantially below the LOC, so the transport 
of glyphosate in runoff is of no concern. Since the central and upper bounds of the functional 
application rates of glyphosate in irrigation water are below those associated with runoff, the risks 
of contaminated irrigation water are not considered further. A similar risk characterization applies 
to wind erosion, as all HQs are substantially below the LOC at the highest application rate. 

Terrestrial and Aquatic Microorganisms – In studies in which arthropods were fed prey 
contaminated with formulations of glyphosate, a spectrum of adverse effects were noted. Although 
glyphosate may be toxic to terrestrial microorganisms in laboratory cultures, numerous field studies 
fail to demonstrate adverse effects. Glyphosate is readily metabolized by soil bacteria and many 
species of soil microorganisms can use glyphosate as a sole carbon source. There is sufficient 
evidence that direct toxic effects on soil microorganism are not likely to occur due to glyphosate 
exposure. 

Aquatic Organisms 
SERA 2011d (p. 201) found that: “Terrestrial applications of the more toxic formulations of 

glyphosate may pose a risk to sensitive species of aquatic plants with an upper bound HQ of 1 at the 
unit application rate of 1 lb a.e./acre and an HQ of 8 at an application rate of 8 lb a.e./acre.” 

The most recent SERA RA (SERA 2011d, p. 202) for glyphosate distinguishes risk based on the 
toxicity of the formulations. The risk from more toxic formulations is as follows: 

The risk characterization for aquatic organisms suggests that amphibians are the group 
at greatest risk both in terms of sensitivity and severity of effects. At an application rate of 1 
lb a.e./acre, the upper bound HQ for amphibians is 2. The corresponding HQs for other 
groups of aquatic organisms are 1.7 for fish, 1.1 for invertebrates, 1.0 for algae, and 0.008 
for aquatic macrophytes. Concern for amphibians is enhanced by the Howe et al., (2004) 
study which indicates that two formulations of Roundup as well as the POEA surfactant used 
in some of the more toxic formulations of glyphosate are associated with the development of 
intersex gonads. The HQs for aquatic species will increase linearly with the application rate. 
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Because the upper bound HQs for most groups of aquatic organisms exceeds or reaches the 
level of concern at the relatively low application rate of 1 lb a.e./acre, care should be 
exercised when applying more toxic formulations of glyphosate near surface water. 

SERA 2011d (p. 202) characterizes risk for less toxic formulations as follows: 

Unlike the case with more toxic formulations, risks to amphibians and aquatic 
invertebrates appear to be insubstantial. Algae appear to be the most sensitive group of 
nontarget aquatic organisms. At an application rate of 1 lb a.e./acre, the upper bound HQ for 
sensitive species of algae is 0.8. 

Risks to fish cannot be ruled out based on standard and conservative assumptions and 
methods for applications of less toxic formulations of glyphosate at rates in excess of about 
2.5 lbs a.e./acre (acute effects). It seems most likely, however, that adverse effects would be 
observed in stressed populations of fish and less likely that effects would be noted in 
otherwise healthy populations of fish. 

The less toxic formulations of glyphosate require the use of a surfactant. Some 
surfactants such as Agri-Dex (LC50>1000 mg/L) are virtually nontoxic, and the use of a 
nontoxic surfactant would have no substantial impact on the risk characterization. Based on 
the available toxicity data in fish and aquatic invertebrates, some surfactants that may be 
used with the less toxic formulations of glyphosate could pose a much greater risk than the 
glyphosate formulation itself. 

Fish – For more toxic formulations of glyphosate, accidental acute exposures (from spills into 
small bodies of water) exceed the LOC even at the central bound at the lowest application rate of 
0.29 lb. a.e./L. At the upper bound at the highest application rate the HQ for sensitive species of fish 
is 2,996 and for tolerant species it is 288. For non-accidental acute exposures at the upper bound at 
the highest application rate, HQs are much lower; 14 for sensitive species and 1.3 for tolerant 
species. All chronic exposure HQs are below the LOC and most are substantially lower.  

Because of concerns with sublethal effects, all of the HQs are derived from surrogate NOAECs 
that are based on LC50 values. An HQ of 20, which is not exceeded in the non-accidental or chronic 
scenarios, would be associated with substantial mortality. However, all of the LC50 values used in the 
dose-response assessment involve fasted fish, and a study has shown that the toxicity of glyphosate 
is reduced by about a factor of 10 in fed fish, relative to fasted fish. HQs for populations of fish in 
areas where the food supply is adequate could overestimate risk. Water containing suspended 
sediments has been shown to reduce the toxicity of glyphosate to aquatic macrophytes, so it seems 
reasonable to assert that suspended sediments could reduce the bioavailability to fish of glyphosate 
and surfactants used with glyphosate. 

As stated in SERA 2011b, p. 209, “The most reasonable qualitative risk characterization is that 
risks to fish cannot be ruled out based on standard and conservative assumptions and methods for 
applications of more toxic formulations of glyphosate. Nonetheless, it is not clear that any effects 
would be evident in healthy populations of fish in habitats with adequate supplies of food. Adverse 
effects could be more likely, however, in stressed populations of fish.”  The obvious exception to this 
characterization would be in the event of an accidental spill into a small body of water. 
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For less toxic formulations of glyphosate, accidental acute exposures exceed the LOC for 
sensitive (but not tolerant) species of fish even at the central bound at the lowest application rate. 
At the upper bound at the highest application rate the HQ for sensitive species of fish is 288 and for 
tolerant species it is 7. For non-accidental acute exposures at the upper bound at the highest 
application rate, HQs slightly exceed the LOC only at the upper bound (1.3) for sensitive species and 
are substantially lower for tolerant species. All chronic exposure HQs are below the LOC and most 
are substantially lower. 

For less toxic formulations of glyphosate, risks to tolerant species of fish are not evident from 
non-accidental or chronic exposures. In the event of an accidental spill into a small body of water, 
adverse effects are plausible, especially to sensitive species of fish. Adverse effects would appear to 
be more likely in stressed populations of fish and less likely in otherwise healthy populations. 

Since a surfactant must be added to less toxic formulations, it is plausible that the surfactant 
could impact the toxicity of the formulations to fish. Some surfactants are virtually nontoxic while 
others are similar to POEA in toxicity. The risk characterization for less toxic glyphosate formulations 
using more toxic surfactants would be similar to that for more toxic formulations of glyphosate. The 
additive toxic effect of any surfactant can be computed using custom worksheets. 

Amphibians – SERA 2011b, p. 205, “The available data on terrestrial-phase amphibians do not 
lend themselves to the types of dose-response assessments conducted for mammals and birds. 
Based on the approach used by U.S. EPA/OPPTS (2004), risks to terrestrial-phase amphibians would 
be characterized as the same as risks to birds.” 

For more toxic formulations of glyphosate, HQs for accidental acute exposures (from spills into 
small bodies of water) exceed the LOC for aquatic-phase amphibians even at the central bound at 
the lowest application rate of 0.29 lb. a.e./L. At the upper bound at the highest application rate the 
HQ for sensitive species of amphibians is 3,596 and for tolerant species it is 55. For non-accidental 
acute exposures at the upper bound at the highest application rate, HQs are much lower; 17 for 
sensitive species and 0.3 for tolerant species. Except for an upper bound HQ of 1.2 for sensitive 
species of amphibians, all chronic exposure HQs are substantially lower than the LOC. 

At the highest application rate of 8 lb a.e./acre, the upper bound concentration of glyphosate in 
water is about 0.7 mg a.e./L, close to the lowest acute LC50 of 0.8 mg a.e./L. Mortality, perhaps 
substantial mortality, would be expected in sensitive species of aquatic-phase amphibians. In a 
toxicity study of two Roundup Original formulations, concentrations of 0.6 and 1.8 mg a.e./L were 
associated with decreases in growth and survival and development of intersex gonads over a 42-day 
exposure period. Developmental effects were not noted for glyphosate IPA and appear to be most 
clearly associated with the surfactants used in Roundup Original formulations rather than 
glyphosate itself. Several studies clearly indicate that the acute toxicity of glyphosate IPA to 
amphibians is very low. 

For less toxic formulations of glyphosate, HQs for accidental acute exposures to aquatic-phase 
amphibians are all below the LOC. For non-accidental acute exposures at the upper bound at the 
highest application rate, sensitive species have an HQ of 1.6, the only HQ that exceeds the LOC. All 
chronic exposure HQs are substantially below the LOC. There is no basis for asserting that adverse 
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effects in aquatic-phase amphibians would be apparent, even at the upper bound estimates of 
exposure at the highest application rate. 

At the typical application rate, concerns for amphibians would be modest, and the likelihood of 
substantial or detectable effects appears to be low. However, as stated in SERA 2011b, p. 214, “As 
application rates increase toward the maximum labeled rate of 8 lb a.e./acre, the likelihood of 
observing adverse effects increases. At the maximum application rate, the upper bounds of potential 
exposure levels suggest that mortality and/or developmental effects would be expected. Thus, if 
more toxic formulations of glyphosate are applied at high rates near surface water that serves as a 
habitat for amphibians, efforts may be warranted to refine the exposure assessment based on site-
specific considerations and to minimize the likelihood of the contamination of surface water.” 

There is no information for amphibians regarding the toxicity of surfactants that may be used 
with the less toxic glyphosate formulations. The use of a relatively nontoxic surfactant would 
probably have no impact on the risk characterization, but a toxic surfactant could dominate it. 
Assuming a fixed concentration of a toxic surfactant in a field tank mix, low application volumes 
relative to high volumes will generally reduce adverse effects. 

Aquatic Invertebrates – For more toxic formulations of glyphosate, HQs for accidental acute 
exposures (from spills into small bodies of water) exceed the LOC for sensitive aquatic invertebrates 
at the central (18) and upper (70) bounds at the lowest application rate of 0.29 lb. a.e./L. At the 
upper bound at the highest application rate the HQ for sensitive species of invertebrates is 1,918 
and for tolerant species it is 63. For non-accidental acute exposures at the upper bound at the 
highest application rate, HQs are much lower; 9 for sensitive species and 0.3 for tolerant species. 
Except for an upper bound HQ of 1.2 for sensitive species of invertebrates, all chronic exposure HQs 
are substantially lower than the LOC. At the highest application rate of 8 lb a.e./acre, “some studies 
suggest that mortality at about one-half of the EC50 would be quite modest and might be 
undetectable. This risk characterization is supported by several field studies in which very little 
impact was observed on aquatic invertebrates following applications of Roundup or other similar 
formulations.” 

For less toxic formulations of glyphosate, HQs for accidental acute exposures barely exceed the 
LOC for sensitive aquatic invertebrates at the upper (2) bound at the lowest application rate of 0.29 
lb. a.e./L. At the upper bound at the highest application rate, the HQ for sensitive species of 
invertebrates is 53 and below the LOC for tolerant species. All non-accidental acute and chronic 
exposure HQs are substantially below the LOC. The risks associated with the less toxic formulations 
of glyphosate are minimal. 

Aquatic Plants (Algae and Macrophytes) – The dose-response assessment for sensitive species 
of aquatic macrophytes is based on that for sensitive species of algae, so the risk characterizations 
for sensitive species (but not tolerant species) of aquatic plants are identical for both algae and 
macrophytes. For more toxic formulations of glyphosate, HQs for accidental acute exposures exceed 
the LOC for sensitive aquatic macrophytes at the lower (1.3) bound at the lowest application rate of 
0.29 lb. a.e./L. At the upper bound at the highest application rate the HQ for sensitive species of 
macrophytes is 1,754 and for tolerant species it is 0.8 (below the LOC). For non-accidental acute 
exposures at the upper bound at the highest application rate, HQs are much lower; 8 for sensitive 
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species and substantially below the LOC for tolerant species. All chronic exposure HQs are 
substantially below the LOC. 

For less toxic formulations of glyphosate, HQs for acute accidental, acute non-accidental, and 
chronic exposures are the same as for the more toxic formulations, so the risk characterization is 
similar. 

For less toxic formulations of glyphosate, HQs for accidental acute exposures exceed the LOC 
for tolerant algae at the central (6) bound at the lowest application rate. At the upper bound at the 
highest application rate the HQ for sensitive species of algae is 625 and for tolerant species it is 2. 
For non-accidental acute exposures at the upper bound at the highest application rate, HQs are 
much lower; 3 for sensitive species and substantially below the LOC for tolerant species. All chronic 
exposure HQs are substantially below the LOC. 

Following an accidental spill, sensitive species of aquatic plants would likely be damaged or 
killed, but tolerant species of algae are unlikely to be killed. After non-accidental acute exposures, 
only at the upper bound at the highest application rate would it be plausible that sensitive, but not 
tolerant, aquatic plants could be damaged. Adverse effects from chronic exposures are implausible. 

Several field studies found that the more toxic formulations of glyphosate, applied at up to the 
typical rate of 2 lb a.e./acre, did not have a substantial impact on what are presumed to be tolerant 
algae. Other field studies using sub-toxic concentrations of glyphosate found increases in the 
primary productivity of algae. 

Hexazinone (Sources: FS WSM v. 6.00.10; SERA 2005; U.S. EPA 2002b and 2010d) 
Terrestrial and Aquatic Organism Overview 

Hexazinone is a broad-spectrum herbicide that is formulated to control annual and perennial 
herbaceous broadleaf weeds, some grasses, and some woody species. It is commonly used in tree 
plantations to control brush, in rangeland, and in pasturelands. (TNC 2001) 

As stated in U.S. EPA. 2010d (p. 2): “Hexazinone is a triazine herbicide, which is structurally and 
toxicologically dissimilar to the other triazines herbicides, such as atrazine. The selectivity of triazine 
herbicides depends on the plant’s ability to degrade or metabolize the parent compound. Sensitive 
plants have limited ability to metabolize hexazinone. Hexazinone acts through inhibition of 
photosynthesis.” 

According to The Nature Conservancy (TNC 2001), “Hexazinone is absorbed through the roots 
and foliage of plants, and best results are obtained for herbaceous species when applied in moist soil 
conditions, as either a foliage spray or basal soil treatment. Larger woody species are best controlled 
by injection or hack-and-squirt techniques. Species that have been controlled by hexazinone include: 
tansy-mustard (Descurainia pinnata), cheatgrass (Bromus tectorum), filaree (Erodium spp.), 
shepards-purse (Capsella bursa-pastoris), false dandelion (Hypochaeris radicata), privet (Ligustrum 
spp.), and Chinese tallowtree (Sapium sebiferum) (Du Pont 1993).” 

Hexazinone is registered for pre-emergent, post-emergence, directed spray and soil 
applications. Chemical end-use products are formulated as a liquid, soluble granules, water 
dispersible granules, and pellets. Products are applied by aerial, broadcast and directed spray, or 
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injection. There are no reported impurities of toxicological concern in hexazinone. (U.S. EPA 2002b, 
p. 5) 

The ground application rates of liquid and granular formulations of hexazinone considered in 
this risk assessment and potentially used under the Proposed Program and Alternatives are as 
follow: the lowest anticipated application rate of 0.5 lb. a.i./acre, the typical application rate of 2 lbs. 
a.i./acre, and the highest anticipated application rate of 4 lbs. a.i./acre. 

Adverse effects on terrestrial plants due to either drift or runoff are plausible from applications 
of granular or liquid formulations of hexazinone at rates that are effective in weed control. 
Depending on local conditions and the proximity of streams or ponds to the treatment site, damage 
to aquatic vegetation is also plausible and could be substantial. 

The potential for adverse effects in animals is somewhat dependent on the hexazinone 
formulation. Granular formulations appear to pose a very low risk to any terrestrial or aquatic 
animal. Liquid formulation applications will result in much higher concentrations of hexazinone in 
terrestrial vegetation than will comparable applications of granular formulations. For mammals, this 
has a major impact on the potential for adverse effects. 

As stated in the “Overview” in SERA 2005, p. 4-25: “Over the range of application rates used in 
U.S. Forest Service programs [and potentially used under the Proposed Program and Alternatives], 
adverse effects are plausible in mammals consuming contaminated vegetation after the application 
of liquid formulations and adverse reproductive effects in some mammalian species could occur. 
There is no indication that substantial numbers of mammals would be subject to lethal exposure to 
hexazinone. Consequently, adverse effects such as weight loss and reproductive impairment could 
occur but might not be readily apparent or easy to detect. Birds appear to be much more tolerant to 
hexazinone than mammals and adverse effects on birds do not seem plausible. Similarly, there is no 
indication that direct toxic effects are likely in aquatic animals.” 

Terrestrial Organisms 
Mammals – Based on contaminated vegetation, there are large differences between the LOCs 

(HQs) for granular and liquid formulations for all exposure scenarios. These differences are 
attributable to the much higher estimates of hexazinone residue on contaminated vegetation 
following application of liquid formulations relative to granular formulations. 

For granular formulations, directed or broadcast soil applications exceed the LOC only for 
chronic exposures, to small mammals consuming broadleaf foliage (HQ 3) and tall grass (HQ 2) at 
the typical application rate (upper bound) and short grass at the upper (HQ 5) bounds and larger 
mammals consuming short grass at the upper bound (HQ 1.1). Since all HQs are <8, it is plausible 
that minor adverse effects could occur, especially to small mammals consuming vegetation applied 
at the typical (upper bound) and highest rates. 

For liquid formulations of hexazinone, the non-accidental acute exposure HQs exceed the LOC 
at the typical application rate (upper bound) only for small mammals consuming contaminated 
vegetation (HQs 1.9 & 3). Chronic exposure HQs (1.3 to 116) are exceeded for almost all of the 
scenarios involving small, larger, and large mammals consuming contaminated fruit and vegetation 
at the typical application rate (central and upper bound). At the lower bound, HQs (1.3 & 3) are only 
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exceeded for small mammals consuming contaminated vegetation. As stated in SERA 2005, p. 4-27, 
“Over the range of application rates used in Forest Service programs [and likely to be used under the 
Proposed Program and Alternatives], adverse effects could be anticipated in mammals who 
consume contaminated vegetation over prolonged periods of time. It is unclear whether or not frank 
effects such as severe weight loss might occur or be evident. Adverse reproductive effects do not 
appear to be plausible.”  

Birds – Birds appear to be substantially more tolerant of both liquid and granular formulations 
of hexazinone than do mammals. At none of the application rates, even at the upper limit of 
exposure, is the LOC exceeded. There is no basis for asserting that any adverse effects are plausible 
in birds. As stated in SERA 2005, p. 4-27, “This unambiguous risk characterization is consistent with 
the risk characterization for birds given by the U.S. EPA/OPP (1994a) in the registration document 
for hexazinone.” 

Terrestrial Invertebrates – The only available information on the toxicity of hexazinone to 
terrestrial invertebrates are two bioassays in the honey bee, which severely limits the risk 
characterization. Based on this, there is no basis for asserting that terrestrial insects or other 
terrestrial invertebrates will be directly affected by the use of hexazinone in the Proposed Program 
and Alternatives. 

Terrestrial Plants (Macrophytes) – As stated in the SERA RA for hexazinone (SERA 2005, p. 4-
25): “Because hexazinone is an effective herbicide, unintended effects on nontarget vegetation are 
plausible. The effective use of hexazinone is achieved by applying the compound to target vegetation 
at a time and in a manner which will minimize effects on nontarget plant species. If this is done 
properly and with care, effects on nontarget vegetation should be minor and perhaps negligible. 
Nonetheless, in the normal course of applications of granular or liquid formulations at rates that are 
effective in weed control, adverse effects on terrestrial plants are plausible due to either drift or 
runoff.” 

There are few quantitative differences in the risk characterizations associated with the 
application of granular and liquid formulations of hexazinone. Both sensitive and tolerant plants, 
including special status species, could be adversely affected by off-site drift of hexazinone, sediment 
loss, or runoff under different scenarios, depending on local site-specific conditions that cannot be 
generically modeled. Direct spray of liquid formulations by low boom ground applications is likely to 
damage both tolerant and sensitive plant species by off-site spray drift at distances of up to about 
300 feet at the highest application rate and up to about 25 feet at the lowest application rate. 
Patterns of drift will vary depending upon whether granular or liquid formulations are applied. 

Relatively conservative estimates of pesticide transport by wind erosion of soil suggest that this 
process is not likely to result in exposures that would be of concern. Off-site transport of hexazinone 
by runoff and sediment losses could cause substantial damage to both sensitive and tolerant plants 
across the range of application rates under conditions that favor runoff and sediment loss, such as 
high rainfall rates and clay soil. As soil textures change from clay to loam to sand, off-site runoff will 
become increasingly less. If hexazinone is applied in the proximity of sensitive crops or other 
desirable sensitive plant species, site-specific conditions and anticipated weather patterns will need 
to be considered if unintended damage is to be avoided. 
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Terrestrial and Aquatic Microorganisms – The most useful toxicity study for risk 
characterization found no effects on mixed fungal and bacterial populations after field application at 
rates of up to 7 lbs/acre, a rate that is substantially higher than potentially used under the Proposed 
Program and Alternatives. 

 
 
Aquatic Organisms 

It appears that aquatic animals are at a very low risk of direct toxic effects from granular 
formulations of hexazinone (such as Pronone 10G) but at more risk from liquid formulations (such 
as Velpar L), which are more likely to travel to aquatic environments. However, there is a much 
greater risk of direct toxic effects of hexazinone to aquatic vegetation, particularly following an 
accidental spill into a small water body. This risk may be heightened by the use of liquid 
formulations of hexazinone (such as Velpar L), which are more likely to travel to aquatic 
environments, than for granular formulations (such as Pronone 10G).  

Fish – HQs did not exceed the LOC for fish for any exposure scenarios. There is no indication 
that hexazinone will cause direct toxic effects in fish even at the highest anticipated application rate 
of 4 lbs/acre. 

Amphibians – The only relevant information that is available on the toxicity of hexazinone to 
amphibians is that a concentration of 100 mg/L in water caused transient reduced avoidance in 
newly hatched tadpoles. The highest estimated concentration in water after an accidental spill of 
the liquid formulation of hexazinone is about 36 mg/L, which might have a short-term effect on 
avoidance behavior. Whether or not this would result in any substantial impact on amphibian 
populations is unclear. 

Aquatic Invertebrates – HQs did not exceed the LOC for aquatic invertebrates for any exposure 
scenario, although no toxicity data is indicated for sensitive species. However, a reproduction study 
in Daphnia magna resulted in a NOEC of 10 mg/L. As stated in SERA 2005, p. 4-31, “Based on a 
conservative analysis of a reasonably complete set of standard toxicity studies, there is little basis for 
asserting that direct toxic effects on aquatic invertebrates are plausible.” 

Aquatic Plants (Algae and Macrophytes) – Adverse effects on aquatic plants are virtually 
certain unless effective measures at taken to ensure that bodies of open water are not 
contaminated. For accidental exposures, HQs range from 605 to 3,024 for tolerant macrophytes, 
from 48 to 242 for tolerant algae, and from 1,814 to 9,072 for sensitive algae. HQs for sensitive 
macrophytes were not calculated due to a lack of toxicity data. 

For non-accidental exposures at the typical rate of exposure, HQs are 17 (central bound) and 67 
(upper bound) for tolerant macrophytes, 1.3 (central bound) and 5 (upper bound) for tolerant algae, 
and 50 (central bound) and 200 (upper bound) for sensitive algae. HQs for sensitive macrophytes 
were not calculated due to a lack of toxicity data. 

For chronic exposures at the typical rate of exposure, HQs are 3 (central bound) and 12 (upper 
bound) for tolerant macrophytes and 10 (central bound) and 35 (upper bound) for sensitive algae. 
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HQs for sensitive macrophytes were not calculated due to a lack of toxicity data and HQs for 
tolerant algae are below the LOC. 

Imazapyr (Sources: FS WSM v. 6.00.10; SERA 2011c; U.S. EPA 2006d) 
Terrestrial and Aquatic Organism Overview 

Imazapyr is a broad-spectrum herbicide that is formulated to control: “. . terrestrial annual and 
perennial grasses and broadleaved herbs, woody species, and riparian and emergent aquatic 
species. It can be used where total vegetation control is desired or in spot applications. Imazapyr is 
relatively slow acting, does not readily break down in the plant, and is therefore particularly good at 
killing large woody species.” (TNC 2001) 

Imazapyr has been used to control saltcedar (Tamarix ramossissima), blackberries (Rubus spp.), 
field bindweed (Convolvulus arvensis), tree-of-heaven (Ailanthus altissima), pampasgrass 
(Cortaderia selloana), and downy brome (Bromus tectorum). But it can also adversely affect non-
target plants. The Nature Conservancy (TNC 2001) has identified potential routes of transport of 
imazapyr that may cause adverse effects to non-target plants, as follows: 

“Caution should be used when applying imazapyr, as a few reports to TNC from the field 
indicate that imazapyr might be exuded from the roots of target species. Some legume 
species, such as mesquite, may actively exude imazapyr (J. Vollmer pers. comm.). Imazapyr 
herbicide can be mobile within roots and transferred between intertwined root systems (root 
grafts) of many different plants and/or to several species. Movement of imazapyr via root 
grafts or by exudates (which is a defense mechanism of those plants) may therefore 
adversely affect the surrounding vegetation. This movement of herbicide may also be 
compounded when imazapyr is incorrectly over- applied. Movement of soil particles that 
contain imazapyr can also potentially cause unintended damage to desirable species.”  

“Imazapyr is effective for creating openings for wildlife use. It can be applied pre-
emergent, but is most effective when applied as a post-emergent herbicide. Care should be 
taken in applying it around non-target species, as it is readily adsorbed through foliage and 
roots, and therefore, could be injurious by drift, runoff, or leaching from the roots of treated 
plants. To avoid injury to desirable trees, do not apply imazapyr within twice the drip line 
(tree canopy.)”(ibid) 

As stated in SERA 2011c, p 87: “Imazapyr has been subject to a standard and relatively 
extensive series of acute, subacute, and chronic studies in mammals. There is little doubt that 
imazapyr is practically non-toxic (the classification assigned by the U.S. EPA/OPP) to mammals, 
birds, honeybees, fish, and aquatic invertebrates. None of the expected (non-accidental) exposures 
to these groups of animals raise substantial concern. The major uncertainties regarding toxic effects 
in animals are associated with the lack of toxicity data on either reptiles or amphibians. 

Imazapyr is an effective herbicide for the control of both terrestrial and aquatic vegetation, so 
under some conditions ground application could damage non-target terrestrial and aquatic 
macrophytes. However, it is not an effective algaecide, so no adverse effects would be expected 
following ground applications. 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 255 

 

 

The directed and broadcast foliar ground application rates of imazapyr considered in this risk 
assessment and potentially used under the Proposed Program and Alternatives are as follow: the 
lowest anticipated application rate of 0.125 lb. a.e./acre, the typical application rate of 0.3 lb. 
a.e./acre, and the highest anticipated application rate of 1.5 lbs. a.e./acre. 

Terrestrial Organisms 
Mammals – The only HQ (1.4) that exceeds a LOC is the non-accidental acute exposure of a 

small mammal consuming grass at the upper bound at the maximum application rate. This is an 
extreme worst-case scenario, as it assumes that a small mammal will consume nothing but 
contaminated grass following a direct spray. Most small mammals have a more diverse diet. For all 
the other exposure scenarios, HQs are substantially below the LOC for mammals. Thus, adverse 
effects from exposure to imazapyr are unlikely. 

Birds – The only HQs that exceed a LOC are for the chronic exposure of a small bird consuming 
tall (HQ 1.1) and short (HQ 2) grass at the upper bound at the maximum application rate. This is an 
extreme worst-case scenario. For almost all the other exposure scenarios, HQs are substantially 
below the LOC for both small and large birds. As toxic exposure levels of imazapyr are not defined 
for birds, the HQs probably overestimate risk. Thus, adverse effects to birds from exposure to 
imazapyr are unlikely. 

Terrestrial Invertebrates – The upper bounds of the highest HQs for terrestrial invertebrates 
are below the LOC. These HQs are for invertebrates consuming contaminated short grass, which is 
expected to have substantially higher imazapyr residue concentrations than in tall grass, broadleaf 
vegetation, or fruit. As toxicity data on terrestrial invertebrates is limited to standard acute 
bioassays in honeybees, the potential risk of adverse effects in terrestrial invertebrates exposed to 
imazapyr is not characterized. However, due to the low HQs for imazapyr, concern with adverse 
effects is essentially negligible. 

Terrestrial Plants (Macrophytes) – The U.S. EPA RED (U.S. EPA 2006d, p. 18): “ . . has 
determined that there are ecological risks of concern associated with the use of imazapyr for non-
target terrestrial plants and aquatic vascular plants, and potential risks to endangered species 
(aquatic vascular plants, terrestrial and semi-aquatic monocots and dicots).” 

As stated in SERA 2011c, p. 87: “The exposure scenarios developed for terrestrial plants result in 
an extremely wide range of HQs, some of which are far below the LOC and others substantially 
above it. This apparent ambiguity relates to the attempt made in the exposure assessments to 
encompass a wide range of potential exposures associated with different weather patterns and 
other regional or site-specific variables. Thus, for applications of imazapyr to areas in which 
potential effects on non-target plants are a substantial concern, refinements to the exposure 
scenarios for non-target plants should be considered based on site or region specific factors.” 

Direct spraying of sensitive plants at the typical application rate of 0.3 lb. a.e./acre, the lowest 
anticipated application rate of 0.125 lb. a.e./acre, and the highest anticipated application rate of 1.5 
lbs. a.e./acre will cause total mortality. At the typical application rate (0.3 lbs a.e./acre) used in U.S. 
Forest Service programs and potentially used under the Proposed Program and Alternatives, the HQ 
for tolerant plant species would be at the LOC, so damage to tolerant or very resistant species 
would probably not occur. 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 256 

 

 

Off-site drift of imazapyr is likely to cause adverse effects on some species of non-target plants 
under certain application conditions and circumstances. Off-site drift from ground applications may 
cause damage to sensitive species at distances that could extend well beyond 900 feet, unless 
effective efforts are made to reduce drift. from the application site. Tolerant species would probably 
show relatively little damage even close to treatment sites. 

However, there is substantial uncertainty regarding drift estimates due to the numerous site-
specific variables which can affect drift. The estimates for backpack applications are based on a 
modified set of assumptions for low-boom ground applications, so are likely to overestimate drift 
associated with carefully conducted applications during field conditions that do not favor drift. 

The situational variability in the exposure assessments for runoff, irrigation water, and wind 
erosion has a substantial impact on the characterization of risk for sensitive non-target plant 
species. All of these scenarios may overestimate or underestimate risk under certain conditions. 

For tolerant species of plants, HQs for exposure from runoff are 0.5 at the central bound and 22 
at the upper bound at the highest application rate of 1.5 lbs. a.e./acre. The corresponding HQs for 
sensitive species are 49 (central) and 2,003 (upper). Since estimates of off-site transport in runoff 
and sediment are only crude approximations, the upper bound HQs represent estimates of 
exposure levels which may not be applicable to many site-specific applications potentially made 
under the Proposed Program and Alternatives.  

As stated in SERA 2011c, p. 91: “Appendix 7, Table A7-1 should be consulted in any 
consideration of the consequences of potential risks to sensitive species of nontarget vegetation in a 
site-specific application. In areas with predominantly sandy soils, the runoff of imazapyr following 
foliar applications should be negligible and risks to nontarget plants should also be negligible. 
Conversely, risks will be greatest in areas with predominantly clay soils and moderate to high rates 
of rainfall. Risks may also be relatively high in cool locations with predominantly loam soils. Further 
generalizations do not appear to be warranted, because the modeling conducted for the current risk 
assessment is inherently conservative and a number of site-specific conditions could reduce, and 
perhaps substantially reduce, estimates of risks to nontarget vegetation.” 

Since the EPA requires language on all product labels restricting the use of imazapyr-
contaminated water for irrigation, consideration of risks associated with this scenario reflects a 
misuse rather than an expected event. For tolerant species of plants, HQs for exposure due to 
contaminated irrigation water are substantially below a LOC at the highest application rate of 1.5 
lbs. a.e./acre. The corresponding HQs for sensitive species are 106 (central) and 2,761 (upper). 
Considering reasonable variations that might be made in the exposure scenario, there is little basis 
for asserting that tolerant plant species will be at risk of adverse effects. However, risks to sensitive 
species appear to be substantial. 

For wind erosion, the HQs for tolerant species of plants are substantially below a LOC while the 
HQs for sensitive species of plants modestly exceed a LOC at the central (1.6) and upper (3.2) 
bounds at the highest application rate of 1.5 lbs. a.e./acre. While potential damage to non-target 
vegetation due to wind erosion of contaminated soil cannot be totally dismissed, the risks 
associated with this scenario are far below those for runoff or irrigation water. 
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Terrestrial and Aquatic Microorganisms – The peak concentrations of imazapyr expected in the 
top 12 inches of soil range from 0.218 to 0.46 mg a.e./kg soil, far below the range of LC50 values that 
caused adverse effects to microorganisms in several studies. As stated in SERA 2011c, p. 93, “Thus, 
there does not appear to be any basis for asserting that imazapyr is likely to affect soil 
microorganisms adversely. This conclusion appears to be consistent with the use of imazapyr as an 
effective herbicide. If imazapyr were extremely toxic to terrestrial microorganisms that are 
important for the maintenance of soil suitable for plant growth, it seems reasonable to assume that 
secondary signs of injury to microbial populations would have been reported.” 

Aquatic Organisms 
The U.S. EPA RED (U.S. EPA 2006d, p. 18 has determined that there are no risks of concern to 

aquatic invertebrates and fish: “For aquatic organisms, available acute and chronic toxicity data 
indicate that imazapyr acid and salt are practically non-toxic to fish, invertebrates, and non-vascular 
aquatic plants.” 

The only ecological risks of concern to the U.S. EPA were: “. . associated with the use of 
imazapyr for non-target terrestrial plants and aquatic vascular plants, and potential risks to 
endangered species (aquatic vascular plants, terrestrial and semi-aquatic monocots and dicots). 
(ibid)  However, “Registered uses of imazapyr acid and the imazapyr isopropylamine salt will have 
no direct effect on endangered or threatened fish, aquatic invertebrates, non-vascular aquatic plants 
(algae), birds or mammals.” (U.S. EPA 2006d (p. 23)  As per the annual Pesticide Use Reports (CDPR 
2010), only imazapyr isopropylamine salt was used in forestry and rangeland applications in 
California during the years 2000-2010. This is the imazapyr formulation that is assessed in this PEIR. 

Although there is little concern for the risk of adverse effects to most aquatic organisms, risk 
characterization to amphibians is limited, as per SERA 2011e (p. 87), which states that: “There is 
little doubt that imazapyr is practically non-toxic (the classification assigned by the U.S. EPA/OPP) to 
mammals, birds, honeybees, fish, and aquatic invertebrates. None of the expected (non-accidental) 
exposures to these groups of animals raise substantial concern. The major uncertainties regarding 
toxic effects in animals are associated with the lack of toxicity data on either reptiles or amphibians. 
While the available studies on other groups of organisms fail to suggest hazards associated with 
exposure to imazapyr, confidence in extending this risk characterization to reptiles and amphibians is 
limited.” 

Fish – The only HQ (3) that exceeds a LOC is the accidental acute exposure of a sensitive species 
of fish at the upper bound at the maximum application rate. This HQ is based on a single acute 
NOAEC (10.4 mg a.e./L from a trout bioassay) for the Arsenal formulation, rather than on technical 
grade imazapyr. In chronic studies, experimental NOAECs are adjusted downward by a factor of 10 
to account for Arsenal’s greater toxicity to fish relative to imazapyr acid. As stated in SERA 2011c, p. 
93, “Given the very low acute and chronic HQs in fish and the conservative assumptions used to 
derive these HQs, there is no basis for asserting that acute or longer-term exposure to imazapyr will 
cause toxic effects in fish.” 

Amphibians – No toxicity data is available for either terrestrial or aquatic phase amphibians (or 
reptiles), so a reasonably definitive risk characterization cannot be developed. Based on the risk 
characterization for birds and fish, and all other groups of terrestrial and aquatic animals for which 
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data are available, there is no basis for assuming that amphibians are likely to be at risk from 
exposures to imazapyr. 

Aquatic Invertebrates – There are no exposure scenarios in which the HQ exceeds a LOC for 
tolerant aquatic invertebrates. For most scenarios HQs are substantially below the LOC. No 
scenarios were developed for sensitive species, as none of the 33 species on which data are 
available were so identified. The acute NOAEC for invertebrates is higher than that for fish (41 vs. 
10.4 mg a.e./L) and the chronic NOAECs for tolerant species are identical (12 mg a.e./L). Potentially 
sensitive species would need to be 100 to 250 times more sensitive to imazapyr relative to tolerant 
species before the HQs would be high enough to suggest concern. 

Aquatic Plants (Algae and Macrophytes) – The risk characterization for algae is similar to that 
for fish and aquatic invertebrates, as the acute NOECs for sensitive species of algae are only 
moderately below the acute NOAECs for sensitive species of fish (i.e., 7.6 mg a.e./L vs. 10.4 mg 
a.e./L) and the acute NOECs for tolerant species of algae are only moderately higher than the acute 
NOAECs for tolerant species of aquatic invertebrates (i.e., 50.9 mg a.e./L vs. 41 mg a.e./L). An HQ (4) 
is exceeded only for sensitive species in the accidental acute exposure scenario at the upper bound 
at the highest application rate. Most other HQs are substantially below a LOC. Imazapyr is not an 
effective algaecide. No adverse effects would be expected following terrestrial applications. 
However, in the event of a severe, accidental spill, populations of sensitive species of algae would 
probably be reduced. 

Imazapyr is labeled for control of aquatic macrophytes, as it is highly toxic to them. The HQs for 
sensitive aquatic macrophytes following an accidental spill are 9 at the lower bound, 227 at the 
central bound, and 1,817 at the upper bound at the typical application rate. For tolerant 
macrophytes the lower bound is below the LOC and the HQ at the central bound is 7 and at the 
upper bound is 55. All of these HQs are substantially higher at the highest rate of application. 

As stated in SERA 2011c, p. 93, “In the event of an accidental spill, adverse effects are virtually 
certain in both sensitive and tolerant species of aquatic macrophytes. In the event of a severe or 
even a typical spill, extensive mortality would occur. In the event of a small spill, mortality would be 
expected in sensitive species of macrophytes. Tolerant species could also be adversely affected in 
areas close to the spill site.” 

For non-accidental acute exposures, the HQs for sensitive macrophytes are 2 at the central 
bound and 26 at the upper bound at the typical application rate and five times higher at the highest 
application rate. HQs for tolerant species are below the LOC, except for an HQ of 4 at the upper 
bound at the highest application rate. 

For chronic exposures, the HQs for sensitive macrophytes are 0.7 at the central bound and 12 
at the upper bound at the typical application rate, and five times higher at the highest application 
rate. HQs for tolerant species are below the LOC, except for an HQ of 1.8 at the upper bound at the 
highest application rate. In areas where the potential for water contamination is lower due to low 
rainfall rates, damage to aquatic macrophytes is unlikely, while in areas with moderate to high 
rainfall long term damage could occur to sensitive species. 

NP9E (Sources: FS WS ver. 2.02; USDA/FS 2003b; U.S. EPA 2010e) 
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Terrestrial and Aquatic Organism Overview 
According to US EPA 2010e, p. 7: “Ecological receptors have the potential for significant 

exposure to NP and NPE for two reasons: 1) facilities that manufacture products containing NP or 
NPEs are discharging them into surface waters (Ellis et al., 1982); and 2) NP and NPEs tend to 
partition to sediments and accumulate (Naylor et al., 1992). Both freshwater and saltwater 
invertebrates, plants and fish are sensitive to this category of chemicals and have demonstrated 
toxicity to it in varying degrees.” 

However, it appears that there is little risk to terrestrial wildlife from the surfactant NP9E, as 
per USDA/FS 2003b (p. vi): “Based on the expected chronic exposure levels, there is little risk to 
terrestrial wildlife at any application rate considered in this risk assessment.”  It also appears that 
normal applications of NP9E will not adversely affect aquatic plants, as stated in USDA/FS 2003b (p. 
vi): “For aquatic plants, similar conclusions are reached; the normal applications should not 
represent a risk of effects, either through acute or chronic exposures, while the spill or over spray 
scenarios do represent a risk of effects.” 

The directed and broadcast foliar ground application rates of NP9E considered in this risk 
assessment and potentially used under the Proposed Program and Alternatives are as follow: the 
lowest anticipated application rate of 0.167 lb. a.i./acre, the typical application rate of 1.67 lbs. 
a.i./acre, and the highest anticipated application rate of 6.68 lbs. a.i./acre. 

Terrestrial Organisms 
It appears that there is little risk to terrestrial wildlife from the surfactant NP9E, as per USDA/FS 

2003b (p. vi): “Based on the expected chronic exposure levels, there is little risk to terrestrial wildlife 
at any application rate considered in this risk assessment. With the typical application rates, two 
scenarios represent a slight risk of effects to mammals: direct spray to a small mammal (assuming 
the skin affords no protection) and consumption of contaminated vegetation by a large grazing 
mammal, such as a deer. None of the other acute exposures at the typical rates of application 
represent a risk of effects to terrestrial wildlife. At the highest application rates, acute exposures 
from the consumption of contaminated vegetation present a risk of effects, assuming 100% of 
consumed vegetation is contaminated. If we assume the skin is not a barrier at all (100% absorption), 
then the direct spray also provides a risk of effects at the highest application rates.” 

Terrestrial Organisms – As stated in USDA/FS 2003b, p. 53: “Based on the Hazard Quotients in 
Table 4-2, several of the scenarios represent potential risk to terrestrial wildlife. With the typical 
application rates, two of the acute scenarios result in hazard quotients that exceed unity (direct 
spray with 100% absorption [HQ 16 at the upper bound] and consumption of contaminated 
vegetation by a large animal [HQ 32 at the upper bound]). As stated in Section 3.3.3, acute doses 
from 10 to 40 mg/kg/day may not represent a risk to mammals, in which case these typical 
scenarios may be of low risk, even though the hazard quotient exceeds unity. As stated previously it 
is also less likely that a large grazing mammal, such as a deer would feed exclusively in a treated 
area. At the highest application rates, these same two acute exposures scenarios represent a high 
risk of effects. At exposures above 250 mg/kg/day (an HQ>25) frank toxic effects are possible. At 
exposures between 100 and 250 mg/kg/day, as stated in section 3.3.3, effects are uncertain in terms 
of seriousness, with inconsistent results in the various studies. Both scenarios are unlikely, as 
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discussed previously. Given the assumptions, combined with typical animal behaviors, the actual 
exposure rate for a directly sprayed small mammal is likely somewhere in between the two scenarios 
of first order absorption and 100% absorption.” 

USDA/FS 2003b (p. 40) found no data in published literature on NPE toxicity to plants and only 
limited data on NP. The few studies on NP found that there was little to no plant uptake of NP 
applied to the soil, uptake was slow, NP was quickly metabolized by soil microorganisms, and/or 
there was generally a variable biomass growth reduction, from little to none to 50%. It was also 
stated that: “Since NP9E-based surfactants would not be applied alone, but would be applied in a 
mix with an herbicide, the herbicide would determine the effects to terrestrial plants.” 

“Existing soil microbes are able to utilize NPE and NP with little or no lag phase (Environment 
Canada 2001a; Topp 2000), at application rates (of NP) in the soil of from 1 to 250 mg/kg, indicating 
a lack of toxicity to soil microorganisms.” (ibid) 

Aquatic Organisms 
According to the U.S. EPA (U.S. EPA 2010e): “NP and NPEs in the freshwater and saltwater 

ecosystems have the potential for ecological effects on all trophic levels of aquatic species exposed 
to them (USEPA, 2005).” 

Many of the herbicide surfactants analyzed in USDA/FS 2003b (p. v) and likely to be used under 
the Proposed Program and Alternatives, contain from 20-80% NPE. The chemical group of NPEs that 
are used in herbicide surfactants, NP9E, are of relative low acute toxicity to fish, as are the NPEC 
metabolites likely to be found in water. NP however, which is another environmental metabolite, is 
an order of magnitude more toxic to fish than the NP9E or NPECs (USDA/FS 2003b, p. 43). 
Commercial NPE-based surfactants contain from 20-80% NP9E and are generally mixed with 
herbicides and water carriers at dilution rates of 0.25% to 2.5% (ibid, p. 1). The percentage of NP9E 
in a tank mix would therefore range from 0.0005% to 0.02%. 

Further, as stated in USDA/FS 2003b: 

Bioconcentration potential of the short-chain ethoxylates (NP, NP1E, NP2E) in freshwater 
fish and other aquatic biota appears to be low to moderate ranging up to about 740 (Ahel et 
al 1993; Liber et al 1999b;Snyder et al 2001; US EPA 1996). Little data exists on the 
bioconcentration of longer chain NPEs, but based on their structure they are not expected to 
bioaccumulate (Environment Canada 2001a, Servos 1999). (ibid, p. 45) 

The duration of an exposure must be considered, which, in the case of aquatic 
environments in the National Forests, would be short; the compounds of concern are broken 
down and their concentration reduced through dilution, as well as binding of the compounds 
to stream sediments. (ibid, p. 53) 

The ambient levels of NP9E (including a small percentage of NP and NP1-2E) assumed to 
be present from normal operations (12.5 ppb with a range of 3.1 to 31.2 ppb) would be 
protective of all aquatic organisms at all application rates. For fish, these assumed levels are 
at least 30 times lower than the 1,000 ppb protective level for NP9E. For aquatic 
invertebrates, exposure levels are at least 320 times lower than the 10,000 ppb protective 
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level for NP9E. Given the chronic exposure to NP1-2EC of 7 ppb (0 to 14 ppb range), there 
should be no chronic toxic risk to aquatic species. (ibid) 

Both the overspray and the spill scenarios involve levels of NP9E that could represent a 
risk of toxic effects. The overspray scenario exceeds the acute NP9E threshold for fish by a 
factor of 1.5 (typical rate), up to a factor of 4.9 (highest rate). The overspray scenario should 
not represent an acute risk to aquatic invertebrates. With a spill, the NP9E threshold for 
acute effects to fish is exceeded by a factor of 6.1 (central estimate), up to a factor of 15.1 
(highest rate), while for aquatic invertebrates, the threshold for acute effects is exceeded at 
the highest concentration rate, by a factor of 1.5 (Refer to Worksheet D05). Aquatic plants 
would have values intermediate between fish and invertebrates. In a stagnant small pond or 
stream reach, there could be effects seen to aquatic organisms. In a live stream, the more 
realistic scenario would be a short-term pulse of concentrated NP9E moving downstream, 
mixing with water and being broken down into NP1-2EC and/or partitioning into sediments. 
The effects of a short pulse should be minor on aquatic organisms as the short exposure time 
would result in lower doses than are discussed here. (ibid, p. 54) 

It appears that normal applications of NP9E will not adversely affect aquatic plants, as stated in 
USDA/FS 2003b (p. vi): “For aquatic plants, similar conclusions are reached; the normal applications 
should not represent a risk of effects, either through acute or chronic exposures, while the spill or 
over spray scenarios do represent a risk of effects.” 

The risks of adverse effects to aquatic organisms from the use of NP9E surfactants is slight, 
given that typically there is only a minor amount of surfactant in a tank mix, waterbodies will be 
buffered, any chemical mix that gets into moving water or waterbodies should dilute rapidly and 
exposure should be of short duration, and only terrestrial ground applications of chemical mixes will 
be made. 

Fish –For fish, the assumed ambient levels of NP9E in water are at least 30 times lower than the 
1,000 ppb protective level for NP9E. There should be no chronic toxic risk to aquatic species, as the 
chronic exposure level to NP1-2EC is 7 ppb (0 to 14 ppb range). There is also little potential for 
increased vitellogenin levels in fish at both acute and chronic exposure levels. 

Both the overspray and the spill scenarios involve levels of NP9E that could represent a risk of 
toxic effects. The overspray scenario exceeds the acute NP9E threshold for fish by a factor of 1.5 at 
the typical application rate and up to a factor of 4.9 at the highest application rate. After an 
accidental spill into a small water body, the NP9E threshold for acute effects to fish is exceeded by a 
factor of 6.1 at the central estimate up to a factor of 15.1 at the upper estimate. 

Amphibians – Limited data on aquatic amphibians suggests NP9E is equally or less toxic to 
aquatic amphibians compared to fish. 

Aquatic Invertebrates – For aquatic invertebrates, exposure levels to NP9E are at least 320 
times lower than the 10,000 ppb protective level for NP9E. The overspray scenario should not 
represent an acute risk to aquatic invertebrates. After an accidental spill into a small water body, 
the NP9E threshold for acute effects to aquatic invertebrates is exceeded by a factor of 1.5 at the 
highest concentration rate. 
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Aquatic Plants (Algae and Macrophytes) – After an accidental spill into a small water body, 
aquatic plants would have acute toxic threshold values intermediate between fish and invertebrates. 
As stated in USDA/FS 2003b, p. 54: “In a stagnant small pond or stream reach, there could be effects 
seen to aquatic organisms. In a live stream, the more realistic scenario would be a short-term pulse 
of concentrated NP9E moving downstream, mixing with water and being broken down into NP1-2EC 
and/or partitioning into sediments. The effects of a short pulse should be minor on aquatic 
organisms as the short exposure time would result in lower doses than are discussed here.” 

 

Sulfometuron methyl (Sources: FS WSM v. 6.00.10; SERA 2004c; U.S. EPA 2008a, 2009g) 
Terrestrial and Aquatic Organism Overview 

Sulfometuron methyl is a non-selective, sulfonyl urea herbicide formulated to control the 
growth of broadleaf weeds and grasses. In California, it is used by the USFS primarily to control non-
native invasive plants, and to a lesser extent for conifer release from competing vegetation. Oust 
and Oust XP are the most common formulations used and foliar applications, by backpack or boom 
spray, are the most common methods employed. 

No recent SERA RA report is available for sulfometuron methyl. SERA 2004c (p. 4-29) found no 
data leading to a conclusion that this herbicide would cause adverse effects in terrestrial animals. 
The pertinent conclusions from the Risk Characterization “Overview” are as follow: “There is no 
clear basis for suggesting that effects on terrestrial animals are likely or would be substantial. 
Adverse effects in mammals, birds, terrestrial insects, and microorganisms are not likely using typical 
or worst-case exposure assumptions at the typical application rate of 0.045 lb a.e./acre.” 

The U.S. EPA RED for sulfometuron methyl (U.S. EPA 2008a, p.19) calculated a low Risk Quotient 
for aquatic and terrestrial animals and determined that “direct exposure of sulfometuron is not of 
concern for non-plant species.”  The U.S. EPA RED Amendment (U.S. EPA 2009g, p. 6) states that: 
“When considering options to mitigate the ecological risk, the Agency also considered the benefits of 
sulfometuron methyl, namely its efficacy at extremely low rates and, its low ecological toxicity 
profile to other non-target organisms.” 

The directed and broadcast foliar ground application rates of sulfometuron methyl considered 
in this risk assessment and potentially used under the Proposed Program and Alternatives are as 
follow: the lowest anticipated application rate of 0.03 lb. a.i./acre, the typical application rate of 
0.045 lb. a.i./acre, and the highest anticipated application rate of 0.38 lbs. a.i./acre. 

Terrestrial Organisms 
Mammals – There are no HQs that exceed the LOC for accidental acute exposures to mammals. 

For non-accidental acute exposures, HQs exceed the LOC only at the upper range of the highest 
application rate and only for small mammals consuming tall and short grass (HQs 3) and broadleaf 
foliage (HQ 1.7). Adverse effects are unlikely even at the highest application rate that might be used 
under the Proposed Program and Alternatives. 

For chronic exposures, the HQs for small mammals consuming vegetation are all ≤2 at the 
upper bound at the typical rate of application and the central bound at the highest rate. At the 
upper bound at the highest rate of application, for all scenarios, the HQs for all mammals (small, 
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larger, and large) range from 1.3 for a large animal consuming tall grass to 21 for a small mammal 
consuming short grass. These are very conservative/extreme screening scenarios that assume that 
animals stay in treated areas consuming nothing but contaminated vegetation, which is unlikely 
given that most vegetation would die or be damaged. Adverse effects are unlikely, even at the 
highest application rate. 

Birds – There are no HQs that exceed the LOC for accidental or non-accidental acute exposures 
to birds. For chronic exposures, the only HQs exceeding the LOC are for small birds consuming tall 
grass (1.1) and short grass (2) at the upper bound at the highest application rate. HQs for all other 
scenarios are substantially below the LOC. Adverse effects are unlikely even at the highest 
application rate that might be used under the Proposed Program and Alternatives. 

Terrestrial Invertebrates – Based on direct spray studies in honey bees, no mortality would be 
expected following acute exposure of doses up to 1075 mg/kg. For honey bees, the HQs are well 
below the LOC at all rates of application of sulfometuron methyl. There is no basis for anticipating 
the occurrence of adverse effects in bees, and perhaps other terrestrial invertebrates, at application 
rates that might be used under the Proposed Program and Alternatives.  

Terrestrial Plants (Macrophytes) – According to SERA 2004c, the toxicity of sulfometuron 
methyl to terrestrial plants has been studied extensively and is well characterized: “Results of both 
pre-emergent and post-emergent bioassays show that terrestrial plants are highly susceptible to the 
effects of sulfometuron methyl.” (SERA 2004c, p. 4-1) 

Concern for the sensitivity of non-target plant species is further increased by field reports of 
substantial and prolonged damage to crops or ornamentals after the application of sulfometuron 
methyl in both an arid region, presumably due to the transport of soil contaminated with 
sulfometuron methyl by wind, and in a region with heavy rainfall, presumably due to the wash-off of 
sulfometuron methyl contaminated soil. Sulfometuron methyl exposure inhibited growth of several 
soil microorganisms and caused significant growth inhibition in Salmonella typhimurium after 
exposure periods of less than 3 hours. (ibid) 

The U.S. EPA RED for sulfometuron methyl (U.S. EPA 2008a, p. 19) indicates that there is 
concern for adverse effects on terrestrial plants: “RQs for direct exposure of sulfometuron to non-
target aquatic and terrestrial plants range from 6.7 to >18000. These RQs exceed the LOC and show 
sulfometuron exposure to non-target aquatic and terrestrial plants to be of concern. Although use of 
‘typical’ application rates would result in RQs of up to one order of magnitude lower than the 
maximum application rate these RQs would still exceed Agency LOC for terrestrial and aquatic 
plants. The conclusion of potential risks to aquatic and terrestrial plants from sulfometuron 
application in non-crop uses is consistent with findings from other sulfonylurea herbicide risk 
assessments and ecological incident reports associated with sulfometuron usage.” 

An amendment to the 2008 U.S. EPA RED (U.S. EPA 2009g, p. 5) reduced the potential risk to 
non-target plants for the following reasons: “No new data or comments were submitted that 
modified the Agency’s ecological hazard profile for sulfometuron methyl and, therefore, the revised 
ecological risk assessment of sulfometuron methyl results from changes that reduced the estimated 
environmental concentrations and improved the overall risk picture. Overall, potential risk to non-
target plants has been reduced due to comments and proposals submitted by stakeholders.” 
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The dominant factor in the risk characterization for terrestrial plants is the potency of 
sulfometuron methyl relative to the application rate. At the typical application rate of 0.045 lb/acre, 
sulfometuron methyl is about 700 times higher than the NOEC in the vegetative vigor (direct spray) 
assay of the most sensitive non-target species (0.000064 lb/acre) and <1 times higher than the 
NOEC for the most tolerant species in the same assay (0.40 lb./acre). 

Sulfometuron methyl is a potent herbicide, so adverse effects on some non-target, terrestrial, 
monocot and dicot plant species from direct spray are certain. Under unfavorable weather 
conditions and in areas in which drift is not reduced by foliar interception, off-site drift of 
sulfometuron methyl during ground broadcast applications may cause damage to sensitive plant 
species at distances >900 feet from the application site. However, when used in directed foliar 
applications (backpack spray), offsite drift could be reduced substantially. Tolerant plant species 
would probably not be impacted by drift and might show relatively little damage.  

Runoff could pose a substantial risk to sensitive non-target plant species under conditions in 
which runoff is favored (clay soil over a very wide range of rainfall rates). Some tolerant plants 
species could be adversely affected under conditions which favor runoff and in regions with high 
rainfall. 

Off-site losses of sulfometuron methyl due to wind erosion are substantially less than losses 
associated with runoff from clay or from drift at a distance of 500 feet or more from the application 
site. Wind erosion of contaminated soil is most plausible in relatively arid environments and if soil 
surface and topographic conditions favor wind erosion. In such locations wind erosion could lead to 
adverse effects in sensitive plant species. 

The situational variability in the exposure assessments for runoff and wind erosion has a 
substantial impact on the characterization of risk for sensitive nontarget plant species. These 
scenarios may overestimate or underestimate risk under certain conditions. As stated in SERA 2011c, 
p. 4-31: “The simple verbal interpretation for this quantitative risk characterization is that sensitive 
and tolerant plant species could be adversely affected by the off-site drift or runoff of sulfometuron 
methyl under a variety of different scenarios depending on local site-specific conditions. If 
sulfometuron methyl is applied in the proximity of sensitive crops or other desirable plant species, 
site-specific conditions and anticipated weather patterns will need to [be] considered if unintended 
damage is to be avoided.” 

Terrestrial and Aquatic Microorganisms – Data regarding the toxicity of soil-incorporated 
sulfometuron methyl to soil microorganisms is not available. A study found that concentrations of 
~73 µg/L in a liquid glucose medium inhibited the growth of soil microorganisms after exposure 
periods of less than 3 hours. Another study found that following light to heavy rainfalls 
sulfometuron methyl concentrations in runoff were <2400 µg g/L and in percolate were 100 µg g/L, 
at applications rates within the range used by the U.S. Forest Service and potentially used under the 
Proposed Program and Alternatives. While the level of sulfometuron methyl in runoff may be 
substantially greater than levels that might inhibit microbial growth, concentrations in the percolate 
are more directly relevant to soil bacteria. It is uncertain if the level used in glucose medium is 
relevant to soil exposure, but if it is, microbial inhibition is likely to occur and could be substantial. 

Aquatic Organisms 
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The U.S. EPA RED for sulfometuron methyl (U.S. EPA 2008a, p.19) calculated a low Risk Quotient 
for aquatic and terrestrial animals and determined that “direct exposure of sulfometuron is not of 
concern for non-plant species.”  However, for aquatic plants: 

RQs for direct exposure of sulfometuron to non-target aquatic and terrestrial plants 
range from 6.7 to >18000. These RQs exceed the LOC and show sulfometuron exposure to 
non-target aquatic and terrestrial plants to be of concern. Although use of ‘typical’ 
application rates would result in RQs of up to one order of magnitude lower than the 
maximum application rate these RQs would still exceed Agency LOC for terrestrial and 
aquatic plants. The conclusion of potential risks to aquatic and terrestrial plants from 
sulfometuron application in non-crop uses is consistent with findings from other sulfonylurea 
herbicide risk assessments and ecological incident reports associated with sulfometuron 
usage. 

Aquatic macrophytes appear to be at risk of adverse, but transient, effects if sulfometuron 
methyl is applied at the highest application rate in areas where transport to water containing 
aquatic macrophytes is likely. Measures should be taken to substantially reduce the anticipated 
levels of exposure. Algae do not appear to be at risk from non-accidental or longer term exposure to 
sulfometuron methyl in water, although effects may be evident in sensitive species at the upper 
bound of the highest application rate. Accidental spills will certainly cause adverse effects in 
sensitive species and may cause adverse effects in tolerant species of both aquatic macrophytes and 
algae. 

As per SERA 2004c (p. 4-2), “There are no published or unpublished data regarding the toxicity 
of sulfometuron methyl to aquatic bacteria or fungi. By analogy to the effects on terrestrial bacteria 
and aquatic algae, it seems plausible that aquatic bacteria and fungi will be sensitive to the effects 
of sulfometuron methyl.” 

To reduce the hazard of spray drift to non-target organisms, the 2009 U.S. EPA RED 
Amendment (U.S. EPA 2009g, p. 10) requires all sulfometuron methyl applications to be made with 
extremely coarse or coarser nozzles. It also requires product labels to carry the following language 
regarding aquatic vegetation buffer zones: 

For broadcast ground applications, do not apply within 50 feet of aquatic vegetation 
including, but not limited to, lakes, reservoirs, rivers, streams, marshes, ponds, estuaries, and 
commercial fish ponds, or water used as an irrigation source, or crops. 

For hand held applications, do not apply within 30 feet of aquatic vegetation including 
but not limited to, lakes, reservoirs, rivers, streams, marshes, ponds, estuaries, and 
commercial fish ponds, or water used as an irrigation source, or crops. 

The U.S. EPA RED Amendment (U.S. EPA 2009g, p. 6) states that: “When considering options to 
mitigate the ecological risk, the Agency also considered the benefits of sulfometuron methyl, namely 
its efficacy at extremely low rates and, its low ecological toxicity profile to other non-target 
organisms.” 

Fish – There are no HQs that exceed the LOC for accidental or non-accidental acute exposures 
to fish or for chronic exposures. However, chronic exposure data are only available in one species of 
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fish (fathead minnow), so confidence in this risk characterization is reduced by the lack of chronic 
toxicity studies in potentially sensitive fish. Nevertheless, adverse effects are unlikely even at the 
highest application rate that might be used under the Proposed Program and Alternatives.  

Amphibians – Tolerant and sensitive species of amphibians could not be identified due to 
insufficient data. HQs in non-accidental acute exposure and chronic exposure scenarios are 
substantially below the LOC. HQs exceed the LOC only for the accidental acute exposure scenario at 
the upper bound (HQ 2) at the typical application rate and the central (HQ 3) and upper (HQ 18) 
bounds at the highest application rate. 

The endpoints for amphibians are an acute NOEC of 0.38 mg/L and a chronic NOEC of 0.00075 
mg/L. Concentrations of sulfometuron methyl in ambient water over prolonged periods of time are 
estimated to be no greater than 0.0000032 mg/L and peak concentration of sulfometuron methyl 
associated with runoff or percolation are estimated to be no more than 0.0009 mg/L. Based on 
available data, sulfometuron methyl appears to have a very low potential to cause any adverse 
effects in amphibians.  

Aquatic Invertebrates – The HQs for aquatic invertebrates are extremely low and the available 
data are sufficient to assert that no adverse effects are anticipated. 

Aquatic Plants (Algae and Macrophytes) –The risk characterization for aquatic macrophytes is 
based on NOEC values in a single species and a most sensitive and most tolerant species could not 
be identified due to a lack of data. HQs in accidental acute exposure scenarios substantially exceed 
the LOC, ranging from 47 at the lower bound at the typical application rate to 32,803 at the upper 
bound at the highest application rate. HQs for the non-accidental acute exposure scenario exceed 
the LOC only at the upper bound (HQ 4) at the typical application rate and the central (HQ 1.8) and 
upper (HQ 36) bounds at the highest application rate. HQs for chronic exposure scenarios are 
substantially below the LOC. Aquatic macrophytes appear to be at risk of adverse, but transient, 
effects if sulfometuron methyl is applied in areas where transport to water containing aquatic 
macrophytes is likely. Measures should be taken to substantially reduce the anticipated levels of 
exposure. 

Algae appear to be much less sensitive to sulfometuron methyl than macrophytes. HQs for 
sensitive species in accidental acute exposure scenarios substantially exceed the LOC, ranging from 
4 at the lower bound at the typical application rate to 2,755 at the upper bound at the highest 
application rate. HQs for tolerant species range from 4 at the upper bound at the typical application 
rate to 19 at the upper bound at the highest application rate. HQs for the non-accidental acute 
exposure scenario exceed the LOC only for the most sensitive species and only at the upper bound 
(HQ 3) at the highest application rate. Most of the other HQs, as well as all of the HQs for chronic 
exposure scenarios, are substantially below the LOC. Algae do not appear to be at risk from non-
accidental or longer term exposure to sulfometuron methyl in water, although effects may be 
evident in sensitive species at the upper bound of the highest application rate. Accidental spills will 
certainly cause adverse effects in sensitive species and may cause adverse effects in tolerant species. 

Triclopyr (Sources: FS WSM v. 6.00.10; SERA 2011a & d) 
Terrestrial and Aquatic Organism Overview 
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Triclopyr is an auxin-mimic herbicide that is formulated to control broadleaf herbs and woody 
species. “It is particularly effective at controlling woody species with cut-stump or basal bark 
treatments. Susceptible species include the brooms (Cytisus spp., Genista spp., and Spartium spp.), 
the gorses (Ulex spp.), and fennel (Foeniculum vulgare). Triclopyr ester formulations are especially 
effective against root- or stem-sprouting species such as buckthorns (Rhamnus spp.), ash (Fraxinus 
spp.), and black locust (Robinia pseudoacacia), because triclopyr remains persistent in plants until 
they die.” (TNC 2001) 

“Even though offsite movement of triclopyr acid through surface or sub-surface runoff is a 
possibility, triclopyr is one of the most commonly used herbicides to control woody species in natural 
areas. Mr. Bill Neil, who has worked extensively on tamarisk/saltcedar (Tamarix spp.) control, 
concluded that Pathfinder II®, a triclopyr ester formulation by DowElanco, is the most cost effective 
herbicide for combating saltcedar. On preserves across the U.S., triclopyr has provided good control 
of tree-of-heaven (Ailanthus altissima), salt cedar (Tamarix spp.), glossy buckthorn (Frangula alnus), 
common buckthorn (Rhamnus cathartica), sweet fennel (Foeniculum vulgare), Brazilian peppertree 
(Schinus terebinthifolius), and Chinese tallow tree (Sapium sebiferum)…Triclopyr can also be used in 
forest plantations to control brush without significant impacts to conifers (Kelpsas & White). Spruces 
(Picea spp.) can tolerate triclopyr, but some species of pine (Pinus spp.), however, can only tolerate 
triclopyr during the dormant fall and winter months (Jotcham et al., 1989).” (ibid) 

The following summary of the risks to organisms from exposure to triclopyr comes from the 
“Overview” in SERA 2011a, p. 130: “Based on the HQs resulting from extreme value exposure 
assessments, it appears that large mammals consuming contaminated vegetation are the non-
target organisms at greatest risk. The available field studies neither support nor substantially refute 
concerns for adverse effects in large mammals. The lack of detailed field studies involving longer-
term observations in populations of large mammals following applications of triclopyr adds 
substantial uncertainty to the risk characterization for mammalian wildlife.” 

“Some upper bound HQs exceed the level of concern for exposure scenarios in which 
smaller mammals or birds consume contaminated vegetation or insects. The magnitude of 
these HQs, however, is much lower than the magnitude of HQs for large mammals, 
particularly at the upper bounds. Based on the findings of available field studies, triclopyr is 
not likely to cause frank adverse effects in small mammals and birds. These observations are 
not contradicted by the relatively moderate exceedances above the level of concern (HQ 1) in 
the central estimates of the HQs for small mammals and birds.” (ibid) 

Terrestrial applications of triclopyr TEA do not pose substantial risks to aquatic animals across 
the range of labeled application rates. “Triclopyr BEE, however, is much more toxic than triclopyr 
TEA to aquatic animals. At application rates in excess of about 3 lb a.e./acre, peak concentrations of 
triclopyr BEE in surface water could pose acute risks to sensitive species of fish and aquatic phase 
amphibians. Similarly, acute risks to sensitive species of aquatic invertebrates could occur if 
application rates exceed about 1.5 lb a.e./acre. The likelihood of acute risks to aquatic animals 
depends very much on site-specific conditions. In areas with low rates of rainfall, acute risks to 
aquatic animals would be negligible, so long as drift to surface water were minimal. In areas with 
high rates of rainfall, the surface water contamination is more likely. Because triclopyr BEE is not 
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persistent in soil or surface water, longer-term risks to aquatic animals after terrestrial applications 
of triclopyr BEE appear to be negligible. (ibid) 

“Since triclopyr is an effective herbicide, damage to terrestrial vegetation is to be 
expected in the event of direct spray, substantial drift, and substantial runoff from the 
application site. Substantial runoff from the treated site would depend on the same site-
specific factors that determine contamination of surface water. Damage to aquatic plants, 
particularly macrophytes, may result from terrestrial applications of triclopyr. Triclopyr is an 
effective aquatic herbicide and damage to sensitive species of aquatic macrophytes following 
effective aquatic applications is certain.” (ibid) 

The directed and broadcast foliar ground application rates of triclopyr considered in this risk 
assessment and potentially used under the Proposed Program and Alternatives are as follow: the 
lowest anticipated application rate of 0.1 lb. a.e./acre, the typical application rate of 1 lb. a.e./acre, 
and the highest anticipated application rate of 6.6 lbs. a.e./acre. 

Terrestrial Organisms 
The SERA 2011d (p. 130) risk assessment found that: “Based on the HQs resulting from extreme 

value exposure assessments, it appears that large mammals consuming contaminated vegetation 
are the nontarget organisms at greatest risk. 

This assessment based on HQs is consistent with the recent EPA risk assessment, U.S. 
EPA/OPP (2009a). The available field studies neither support nor substantially refute 
concerns for adverse effects in large mammals. The lack of detailed field studies involving 
longer-term observations in populations of large mammals following applications of triclopyr 
adds substantial uncertainty to the risk characterization for mammalian wildlife.  

Some upper bound HQs exceed the level of concern for exposure scenarios in which 
smaller mammals or birds consume contaminated vegetation or insects. The magnitude of 
these HQs, however, is much lower than the magnitude of HQs for large mammals, 
particularly at the upper bounds. Based on the findings of available field studies, triclopyr is 
not likely to cause frank adverse effects in small mammals and birds. These observations are 
not contradicted by the relatively moderate exceedances above the level of concern (HQ=1) 
in the central estimates of the HQs for small mammals and birds.” 

The application rates for triclopyr anticipated in the Proposed Program and Alternatives will be 
within the range of those analyzed in the SERA RA for Forest Service programs. It should be noted 
that the specimen labels for the two triclopyr products most commonly used in California, Garlon 3A 
and Garlon 4, prescribe application rates for forestry uses of up to 6 lbs a.e./acre/year (2 gallons), a 
smaller amount than used in the high application rate scenario in the SERA RA. For rangeland use, 
Garlon 3A and Garlon 4can be applied at rates of up to 2 lbs a.e./acre/growing season (2/3 gal. for 
3A, 1/2 gal. for 4), again a smaller amount than used in the highest application rate scenario in the 
SERA RA. 

The U.S. EPA/OPP database of ecological incidents associated with pesticide applications lists 63 
reported incidents regarding triclopyr applications, none of which reported adverse effects in 
mammals. Also, none of the available field studies used in the SERA 2011f RA associate adverse 
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effects in mammals with the direct toxicity of triclopyr. As stated in that RA (SERA 2011d, p. 133): 
“Two general factors may contribute to the apparent discrepancy between the high HQs (as well as 
the high RQs) and the lack of reported adverse effects in field studies or incident reports. Like the 
human health risk assessment, the ecological risk assessment uses the extreme value approach. The 
upper bound HQs represent multiple worst case exposure assumptions that may not occur frequently 
in the field. Also, the field study by Leslie et al., (1996) suggests that some mammals, such as deer, 
may avoid treated areas. As discussed in the exposure assessment, the scenarios for the 
consumption of contaminated vegetation assume that 100% of the diet is contaminated. If larger 
mammals avoid treated areas, the proportion of the contaminated diet could be much less than 
100%. As the proportion of the diet that is contaminated decreases, the consequent HQs will also 
decrease.” 

Mammals – HQs for triclopyr exceed the LOC for accidental acute exposures in only one 
scenario, a small mammal (HQ 2) and a canid (HQ 1.2) consuming contaminated fish at the upper 
bound at the highest rate of application (6.6 lbs. a.e./acre). For non-accidental acute exposures, HQs 
that exceed the LOC range from 1.1 for small and larger mammals consuming contaminated 
broadleaf vegetation at the central bound at the highest application rate to 74 for a large mammal 
consuming contaminated short grass at the upper bound. At the typical rate, HQs range from 1.2 
(central bound) to 11 (upper bound) for a large mammal consuming short grass. HQs for chronic 
exposures are somewhat higher, at the highest application rate ranging from 1.8 (central bound) for 
small and larger mammals consuming contaminated tall grass to 351 (upper bound) for a large 
mammal consuming contaminated short grass. Exposure scenarios not involving the consumption of 
contaminated vegetation, direct spray and the consumption of contaminated water and fish, lead to 
HQs substantially lower than the LOC. 

In all non-accidental and chronic exposure scenarios, except for the consumption of tall grass, 
the HQs are identical for small (20g) and larger (400 g) mammals, ranging from 1.5 for non-
accidental consumption of insects to 49 for chronic consumption of short grass. Large (70 kg) 
mammals appear to be much more sensitive to triclopyr, as HQs are seven times higher, ranging 
from 6 for non-accidental consumption of fruit to 351 for chronic consumption of short grass. 

The high HQs for mammals consuming contaminated vegetation suggest that triclopyr 
applications may cause adverse effects in mammalian wildlife populations at application rates 
typically used in U.S. Forest Service programs and potentially used under the Proposed Program and 
Alternatives. For chronic exposures, HQs of about 4 at the typical application rate and about 26 at 
the highest application rate could be associated with adverse effects that could range from 
subclinical changes in blood chemistry to birth defects. As stated in SERA 2011a, p. 132, “This HQ-
based risk characterization for mammals is similar to the EPA’s RQ-based risk characterization in 
U.S. EPA/OPP (2009a, Table 5-9, p. 101): Acute and chronic-dose based and chronic dietary-based 
RQs exceed the Agency’s acute and chronic endangered species LOC (0.1 acute and 1.0 chronic) for 
all foliar application uses of triclopyr (Table 5-9). The recommended mitigated maximum foliar 
application rate of 9 lbs ae/A would still result in exceedances of the Agency’s acute and chronic LOC 
of 0.1 and 1.0 respectively (Table 5-9). U.S. EPA/OPP 2009a, p. 100.” 

To predict the actual effects of field applications of triclopyr, the preceding quantitative risk 
characterization must be tempered by information from actual field applications. In the U.S. 
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EPA/OPP database of ecological incidents associated with pesticide applications, there are a total of 
63 reported incidents regarding triclopyr applications. None of these incidents reported adverse 
effects in mammals. In addition, none of the available field studies associate adverse effects in 
mammals with the direct toxicity of triclopyr.  

As stated in SERA 2011a, p. 133, “Two general factors may contribute to the apparent 
discrepancy between the high HQs (as well as the high RQs) and the lack of reported adverse effects 
in field studies or incident reports. Like the human health risk assessment, the ecological risk 
assessment uses the extreme value approach. The upper bound HQs represent multiple worst case 
exposure assumptions that may not occur frequently in the field. Also, the field study by Leslie et al., 
(1996) suggests that some mammals, such as deer, may avoid treated areas. As discussed in the 
exposure assessment, the scenarios for the consumption of contaminated vegetation assume that 
100% of the diet is contaminated. If larger mammals avoid treated areas, the proportion of the 
contaminated diet could be much less than 100%. As the proportion of the diet that is contaminated 
decreases, the consequent HQs will also decrease.” 

Risk to mammals exposed to triclopyr at application rates potentially used under the Proposed 
Program and Alternatives is as characterized in SERA 2011a, p. 133: “Considering all of the above 
factors, the risk characterization for terrestrial mammals based on the HQ method does not appear 
to be unreasonable. Based on relatively standard methods used to estimate risks to mammals from 
well-conducted toxicity studies as well as reasonably well-documented estimates of exposure, it is 
likely that mammals will be exposed to triclopyr at doses that exceed the level of concern (HQ=1). In 
extreme cases, adverse effects could be anticipated in some mammals, particularly larger mammals, 
at application rates as low as 1 lb a.e./acre. These effects, however, might not involve overt signs of 
toxicity that would be observed in field studies.” 

“The chronic HQs for mammals are substantially higher than the acute HQs. This matter 
suggests that while overt signs of toxicity might not be evident shortly after triclopyr 
applications, longer-term adverse effects on mammalian populations, possibly involving 
changes in reproductive rates, could occur. While these effects are not reported or otherwise 
noted in field studies, it is the case that the available field studies focus on small mammals, 
and the available literature does not include longer-term studies on populations of larger 
mammals (carnivores or herbivores).” 

HQs for TCP exceed the LOC only for first-order accidental acute exposures (direct spray) for a 
small mammal at the central (1.6) and upper (4) bounds at the highest application rate and for 100% 
absorption at the highest application rate (lower 3, central 6, upper 13) and at the upper (1.9) 
bound at the typical rate. The only TCP non-accidental and chronic exposure scenarios for mammals 
that approach or exceed the LOC involve the consumption of contaminated vegetation. For non-
accidental acute exposures, HQs that exceed the LOC range from 1.2 for larger mammals consuming 
contaminated insects at the central bound at the highest application rate to 182 for a small mammal 
consuming contaminated grass at the upper bound. At the typical rate, HQs range from 1.2 (upper 
bound) for a canid consuming a small mammal to 28 (upper bound) for a small mammal consuming 
grass. HQs for chronic exposures are generally lower, at the highest application rate ranging from 
1.8 (central bound) for a larger mammal consuming contaminated short grass to 90 (upper bound) 
for a small mammal consuming short grass. Exposure scenarios not involving the consumption of 
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contaminated vegetation, direct spray and the consumption of contaminated water and fish, lead to 
HQs substantially lower than the LOC. 

Unlike triclopyr, the HQs associated with exposure to TCP are highest for smaller mammals, 
which reflect the greater food consumption rate per body size for smaller mammals, as well as the 
use of the same NOAEL for all mammals. For contaminated grasses and fruit, the higher HQs for 
grasses reflect the higher estimated residue rates in short grass relative to fruit. For chronic 
exposures, HQs of about 4 at the typical application rate and about 26 at the highest application 
rate could be associated with adverse effects, which could range from subclinical changes in blood 
chemistry to birth defects. 

Risk to mammals exposed to TCP at application rates potentially used under the Proposed 
Program and Alternatives is as characterized in SERA 2011a, p. 136: “As discussed in the previous 
subsection, field studies on forestry applications of triclopyr do not support the assertion that 
triclopyr applications in the range of about 2 lb a.e./acre will cause detectable adverse effects in 
populations of small mammals. These field observations are consistent with the above HQs. At the 
central estimate of the exposure assumptions for an application rate of 2 lb a.e./acre, the HQs would 
be in the range of about 0.6 to 2. The modest excursion above the level of concern (HQ = 1) would 
not necessarily result in detectable effects on populations of mammals. The upper bound HQs would 
mostly likely reflect extreme exposures which might occur only rarely.” 

Birds – Except for differences in the impact of body size on apparent risk, the risk 
characterization for birds is essentially identical to that for mammals. For birds, there is no clear 
indication of systematic differences in sensitivity with body size. Smaller birds have somewhat 
higher HQs than larger birds because they will consume more food per unit body weight.  

No HQs for triclopyr exceed the LOC for accidental acute exposures. For non-accidental acute 
exposures, HQs that exceed the LOC range from 1.1 for a large bird consuming contaminated 
broadleaf vegetation at the central bound at the highest application rate to 90 for a small bird 
consuming contaminated short grass at the upper bound. At the typical rate, HQs range from 1.2 
(central bound) to 14 (upper bound) for a small bird consuming tall and short grass, respectively. 
HQs for chronic exposures are somewhat higher, at the highest application rate ranging from 1.4 
(central bound) for a large bird consuming contaminated fruit to 200 (upper bound) for a small bird 
consuming contaminated short grass. Exposure scenarios involving direct spray and the 
consumption of contaminated water and fish lead to HQs substantially lower than the LOC. 

Based on the HQs, adverse effects in birds from exposure to triclopyr could be anticipated. Field 
studies on birds are not as numerous or as detailed as those involving mammals and neither confirm 
nor substantially refute concerns based on the HQs. 

There is no chronic exposure data available on the toxicity of TCP to birds, so risks associated 
with chronic exposure to TCP residues cannot be characterized quantitatively. For acute exposures, 
risks are characterized based on a LOAEL of 116 mg/kg bw rather than a NOAEL. The LOAEL is based 
only on decreases in body weight gain and food consumption in which no overt signs of toxicity 
were observed, so the toxicological significance is questionable. 

Terrestrial Invertebrates – The quantitative risk characterization for terrestrial invertebrates is 
limited by the available toxicity data. HQs for the direct spray and the consumption of contaminated 
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vegetation scenarios are based on an indeterminate LD50 of >620 mg a.e./kg bw for honeybees. At 
the highest application rate, the only HQs above the LOC are at the central (1.2) and upper 
bounds(5.6) for an insect consuming short grass, the upper (2.6) bound for an insect consuming tall 
grass, and the upper (3.2) bound for an insect consuming broadleaf foliage. All other HQs are 
substantially below the LOC. 

There is little indication that concentrations of triclopyr in soil are likely to adversely affect soil 
invertebrates. The peak concentrations of triclopyr that are likely to occur in the upper 12 inches of 
soil following applications of triclopyr are about 1.6 ppm a.e. following an application at the highest 
rate of 6.6 lbs. a.e./acre. This maximum concentration is about four times lower than the chronic 
NOAEC for earthworms. Numerous field studies suggest that effects on terrestrial invertebrates are 
most likely to be associated with changes in habitat and food availability rather than direct toxic 
effects. 

Terrestrial Plants (Macrophytes) – These findings are supported by SERA 2011f (p. 131), which 
found that: “Since triclopyr is an effective herbicide, damage to terrestrial vegetation is to be 
expected in the event of direct spray, substantial drift, and substantial runoff from the application 
site. Substantial runoff from the treated site would depend on the same site-specific factors that 
determine contamination of surface water.” 

The HQs for direct spray of terrestrial plants are the same for triclopyr TEA and BEE, but are 
higher for broadcast boom applications and sensitive plant species than for backpack applications 
and tolerant species. The HQs are 3,571 for sensitive species (5 for tolerant species) exposed by 
broadcast applications and 2,357 (3.3 for tolerant species) for backpack applications at the highest 
application rate. HQs at the typical application rate of 1 lb. a.e./acre are 357 for sensitive species 
and 0.5 for tolerant species, for both broadcast and backpack applications. Direct spray of triclopyr 
at the highest and typical application rates will kill and/or damage sensitive plants, as it is designed 
to do. It is plausible, but unlikely, that tolerant species of plants would be killed, but they might be 
damaged at the highest application rate. 

Off-site spray drift of triclopyr is likely to kill or damage sensitive species of plants, with the 
extent of damage depending on the application rate and method and the distance from the 
application site. Estimates of drift used in this risk assessment are generic. Actual drift from 
applications in the field could vary substantially from these estimates, based on a number of site-
specific conditions. 

For broadcast applications of triclopyr TEA at the highest application rate, HQs for sensitive 
plants at various distances from the application site are as follow: 25’-125, 50’-63, 100 -34, 300’-13, 
500’-7, and 900’-4. The only HQ above the LOC for tolerant plants is 5, at 25 feet from the 
application site. For backpack applications of triclopyr TEA at the highest application rate, HQs for 
sensitive plants are as follow: 25’-20, 50’-10.2, 100 -5.7, 300’-2.2, 500’-1.4, and 900’-0.7. The only 
HQ above the LOC for tolerant plants is 3.3, at 25 feet from the application site. HQs at the typical 
application rate of 1 lb a.e./acre are these HQs divided by 6.6. 

For broadcast applications of triclopyr BEE at the highest application rate, HQs for sensitive 
plants at various distances from the application site are as follow: 25’-83, 50’-42, 100 -22, 300’-8.3, 
500’-4.9, and 900’-2.6. There are no HQs above the LOC for tolerant plants. For backpack 
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applications of triclopyr BEE at the highest application rate, HQs for sensitive plants are as follow: 
25’-20, 50’-10.2, 100 -5.7, 300’-2.2, 500’-1.4, and 900’-0.7. There are no HQs above the LOC for 
tolerant plants. HQs at the typical application rate of 1 lb a.e./acre are these HQs divided by 6.6. 

Off-site transport of triclopyr through runoff and sediment loss differs between the TEA and 
BEE formulations. For broadcast applications of triclopyr TEA, HQs for sensitive plants are 10 at the 
central bound and 39 at the upper bound at the maximum application rate. The corresponding 
values for backpack applications are 6.4 and 26. All other HQs for sensitive plants are substantially 
lower than the LOC. For triclopyr BEE, the HQ of 15 for sensitive plants at the upper bound at the 
maximum application rate is identical for both ground application methods. HQs for sensitive plants 
at the lower and central bounds and for tolerant plants are substantially lower than the LOC for BEE. 

In many locations, runoff and sediment losses will be insubstantial. In other areas, sensitive 
species of plants could be damaged. If triclopyr is applied at a site that may be conducive to runoff 
or sediment loss, refined estimates of offsite transport should be considered. 

For tolerant plant species contaminated by surface water used for irrigation, the HQs are far 
below a LOC, for both triclopyr formulations and application methods at the highest application 
rate. For triclopyr TEA, the HQs for sensitive plant species are above a LOC for broadcast application 
at the central (2) and upper (388) bounds at the highest application rate and for backpack 
applications at the central (1.6) and upper (256) bounds. For triclopyr BEE, the HQs for sensitive and 
tolerant plant species are identical; above a LOC for both broadcast and backpack application at the 
upper (32) bound at the highest application rate. The generic estimates of exposure on which these 
HQs are based may not represent all site-specific conditions. Site-specific HQs are influenced greatly 
by the extent of irrigation and concentrations of triclopyr in surface water. 

HQs for the exposure of non-target plants to contaminated soil transported by wind are 
substantially below the LOC. Soil erosion by wind might pose a risk to sensitive plant species when 
triclopyr is applied to bare ground, but impacts could vary substantially with site-specific conditions. 

Terrestrial and Aquatic Microorganisms – The potential for substantial effects on soil 
microorganisms appears to be low. As stated in SERA 2011a, p. 139: “As summarized in Section 
4.1.2.6, laboratory bioassays conducted in artificial growth media suggest a very high degree of 
variability in the response of soil bacteria and fungi to triclopyr with NOAELs of up to 1000 ppm in 
some species and growth inhibition at concentrations as low as 0.1 ppm in other species. For 
triclopyr BEE, concentrations of triclopyr in the top 12 to 36 inches of soil range from about 0.04 to 
0.1 ppm (Appendix 4, Table A4-2 and A4-4). The corresponding values for triclopyr TEA are 
essentially identical. If the laboratory bioassays were used to characterize risks to terrestrial 
microorganisms, transient inhibition in the growth of some bacteria or fungi might be expected. This 
inhibition could result in a shift in the population structure of microbial soil communities, but 
substantial impacts on soil, including gross changes in capacity of soil to support vegetation, do not 
seem plausible. This assessment is consistent with the field experience involving the use of triclopyr 
to manage vegetation.” 

Aquatic Organisms 
The SERA 2011d (p. 130) risk assessment concluded that: “Neither terrestrial nor aquatic 

applications of triclopyr TEA pose substantial risks to aquatic animals across the range of labeled 
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application rates. Triclopyr BEE, however, is much more toxic than triclopyr TEA to aquatic animals. 
At application rates in excess of about 3 lb a.e./acre, peak concentrations of triclopyr BEE in surface 
water could pose acute risks to sensitive species of fish and aquatic phase amphibians. Similarly, 
acute risks to sensitive species of aquatic invertebrates could occur if application rates exceed about 
1.5 lb a.e./acre. The likelihood of acute risks to aquatic animals depends very much on site-specific 
conditions. In areas with low rates of rainfall, acute risks to aquatic animals would be negligible, so 
long as drift to surface water were minimal. In areas with high rates of rainfall, the surface water 
contamination is more likely. Because triclopyr BEE is not persistent in soil or surface water, longer-
term risks to aquatic animals after terrestrial applications of triclopyr BEE appear to be negligible.” 

The application rates for triclopyr anticipated in the Proposed Program and Alternatives will be 
within the range of those analyzed in the SERA RA for Forest Service programs. The specimen labels 
for the two triclopyr products most commonly used in California, Garlon 3A and Garlon 4, prescribe 
application rates for forestry uses of up to 6 lbs a.e./acre/year (2 gallons), a smaller amount than 
used in the high application rate scenario in the SERA RA. For rangeland use, Garlon 3A and Garlon 4 
can be applied at rates of up to 2 lbs a.e./acre/growing season (2/3 gal. for 3A, 1/2 gal. for 4), again 
a smaller amount than used in the high application rate scenario in the SERA RA. However, chemical 
applications in the Proposed Program and Alternatives will only be to terrestrial environments and 
will buffer waterbodies, so the likelihood of contamination of water will be minimal. 

The risk characterization for TCP (an environmental metabolite of triclopyr) is considered 
quantitatively only for fish, because toxicity data are available only for fish. Except for accidental 
spills into small bodies of water, TCP is not likely to pose a risk to fish. Longer-term concentrations 
of TCP are far below the LOC. 

Fish – For triclopyr TEA, the only HQ that exceeds the LOC for the accidental acute, non-
accidental acute, and chronic exposure scenarios is for sensitive fish at the upper bound at the 
highest application rate. No risks to fish are identified, based on expected peak or longer-term 
concentrations of triclopyr acid in surface water. 

Triclopyr BEE is much more toxic than triclopyr acid to fish. The HQs exceed the LOC for 
accidental acute exposures of fish even at the lowest application rate of 0.1 lb. a.e./acre (for 
sensitive species, 2 at the central bound and 20 at the upper bound and for tolerant species, 2.4 at 
the upper bound). At the upper bound at the highest application rate, the HQs are 1,331 for 
sensitive species and 161 for tolerant species. For non-accidental acute exposure, HQs are 
substantially below a LOC, except for a HQ of 2 for sensitive fish at the upper bound. For chronic 
exposures, all HQs are substantially below a LOC. 

In the unlikely event of a large amount of triclopyr BEE being spilled into a small body of water, 
adverse effects on fish could be expected and would probably cause substantial fish kills. Because 
triclopyr BEE will not persist in surface water, no species of fish are likely to be at risk from longer-
term exposure. 

Terrestrial applications of both formulations of triclopyr will result in the contamination of 
surface water with TCP. The HQs exceed the LOC for accidental acute exposures of fish even at the 
lowest application rate of 0.1 lb. a.e./acre (for sensitive species, 1 at the central bound and 10.1 at 
the upper bound and for tolerant species, 2.9 at the upper bound). At the upper bound at the 
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highest application rate, the HQs are 673 for sensitive species and 192 for tolerant species. Most 
HQs for non-accidental acute exposure are substantially below a LOC. All HQs for chronic exposures 
are substantially below a LOC. Except for accidental spills into small bodies of water, TCP is not likely 
to pose a risk to fish. Longer-term concentrations of TCP are far below the LOC. 

Amphibians – No toxicity data are available for TCP for reptiles or terrestrial phase amphibians. 
Consequently, risks to these groups of organisms are not characterized for TCP. As stated in SERA 
2011a, p. 137: “In the absence of data, the U.S. EPA/OPP will typically characterize risks to 
amphibians based on the risk characterization for birds. In the recent EPA risk assessment on the 
California red-legged frog, U.S. EPA/OPP (2009a, p. 75) uses toxicity studies on birds, identical to 
those used in the current risk assessment, to derive RQs ranging from 0.01 to about 5, based on 
acute exposures, and from about 1 to 134, based on chronic exposures.” 

For aquatic-phase amphibians, characterization of risk is essentially identical to that for fish. 
Triclopyr TEA is much less toxic than triclopyr BEE to amphibians, TEA having no HQs exceeding a 
LOC. For triclopyr BEE, HQs exceed the LOC for accidental acute exposures of sensitive (but not 
tolerant) species of fish at the central (1.8) and upper (18.2) bounds at the lowest application rate of 
0.1 lb. a.e./acre. At the upper bound at the highest application rate of 6.6 lbs. a.e./acre, the HQs are 
1,211 for sensitive species and 29 for tolerant species. For non-accidental acute exposure, HQs are 
substantially below a LOC, except for a HQ of 2 for sensitive amphibians at the upper bound. 

Except for accidental spills into small bodies of water, triclopyr is not likely to pose a risk to 
aquatic-phase amphibians. There is a lack of adequate chronic exposure data for aquatic-phase 
amphibians, so a formal quantitative risk characterization is not developed. This is not a major 
limitation in characterizing long-term risk, as concentrations of triclopyr BEE in surface water are 
very low. 

Aquatic Invertebrates – For aquatic invertebrates, characterization of risk is very similar to that 
for fish. Triclopyr TEA is much less toxic than triclopyr BEE to aquatic invertebrates, TEA having no 
HQs exceeding a LOC, except for a HQ of 5 for sensitive species at the upper bound at the highest 
application rate after an accidental spill into a small water body. For triclopyr BEE, HQs exceed the 
LOC for accidental acute exposures of sensitive (but not tolerant) aquatic invertebrates at the 
central (4) and upper (40) bounds at the lowest application rate of 0.1 lb. a.e./acre. At the upper 
bound at the highest application rate of 6.6 lbs. a.e./acre, the HQs are 2,692 for sensitive species 
and 34 for tolerant species. For non-accidental acute exposure, HQs are substantially below a LOC, 
except for a HQ of 4 for sensitive aquatic invertebrates at the upper bound. All HQs for chronic 
exposures are substantially below a LOC. Except for accidental spills into small bodies of water, 
triclopyr is not likely to pose a risk to aquatic invertebrates. 

Aquatic Plants (Algae and Macrophytes) – Triclopyr TEA is much less toxic than triclopyr BEE to 
algae. Triclopyr TEA HQs exceed a LOC for accidental acute exposures of sensitive algae at the upper 
bound (7.9) at the lowest application rate of 0.1 lb. a.e./acre. At the upper bound at the highest 
application rate, the HQs are 527 for sensitive species and 30 for tolerant species. For non-
accidental acute exposure, HQs are substantially below a LOC, except for a HQ of 7 for sensitive 
algae at the upper bound. For chronic exposures, all HQs are substantially below a LOC, except for a 
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HQ of 1.7 for sensitive algae at the upper bound. Except for accidental spills into small bodies of 
water, triclopyr TEA is not likely to pose a risk to aquatic algae. 

Triclopyr BEE HQs exceed a LOC for accidental acute exposures of sensitive algae even at the 
lower bound (16.2) at the lowest application rate of 0.1 lb. a.e./acre. At the upper bound at the 
highest application rate, the HQs are 86,514 for sensitive species and 121 for tolerant species. For 
non-accidental acute exposure, most HQs are substantially below a LOC, except for a HQ of 141 for 
sensitive algae at the upper bound at the highest application rate (21 at the upper bound at the 
typical rate). Most HQs for chronic exposures, are substantially below a LOC. Accidental spills of 
triclopyr BEE into small bodies of water will likely kill sensitive species of aquatic algae and might 
damage tolerant species. Adverse effects are also likely in an area where substantial drift or offsite 
movement in runoff is likely. This is unlikely in arid regions, but as rainfall rates increase, so does the 
potential for substantial runoff and subsequent damage to aquatic algae. 

For aquatic macrophytes, triclopyr TEA is much more toxic than triclopyr BEE. Triclopyr TEA HQs 
exceed a LOC for accidental acute exposures only for sensitive aquatic macrophytes at the lower 
bound (45) at the lowest application rate. At the upper bound at the highest application rate, the 
HQs are 242,240 for sensitive species and 22 for tolerant species. For non-accidental acute 
exposure, HQs are substantially below a LOC for tolerant species, but the HQ for sensitive species is 
3,168 at the upper bound at the highest application rate. Most HQs for chronic exposures are 
substantially below a LOC, with the exception of a HQ of 792 for sensitive species at the upper 
bound. 

Triclopyr BEE HQs exceed a LOC for accidental acute exposures for aquatic macrophytes at the 
lower bound (4.2) for sensitive species and the upper bound (42.3) at the lowest application rate. At 
the upper bound at the highest application rate, the HQs are 2,817 for sensitive species and 391 for 
tolerant species. For non-accidental acute exposure, most HQs are substantially below a LOC, except 
for a HQ of 5 for sensitive species at the upper bound at the highest application rate. Most HQs for 
chronic exposures are substantially below a LOC. 

Risks are characterized in SERA 2011a, p. 142 as follow: “The HQs for aquatic macrophytes 
following terrestrial applications of triclopyr BEE are much lower than those for triclopyr TEA. The 
assessment of likely effects on aquatic macrophytes, however, is one example where the use of 
toxicity values and exposure estimates for triclopyr BEE to develop HQs is probably not justified. As 
discussed in Section 3.2.3.4.3, triclopyr BEE will rapidly degrade to triclopyr acid. Consequently, for 
the risk characterization of aquatic macrophytes, the HQs for triclopyr TEA applications should be 
applied to the assessment of triclopyr BEE applications, since triclopyr TEA is also rapidly hydrolyzed 
to triclopyr acid. Thus, for both triclopyr TEA and triclopyr BEE terrestrial applications, risks to 
aquatic macrophytes are substantial. As with algae, these risks will be much less in arid areas, so 
long as drift to surface water is avoided. If substantial drift occurs, damage to aquatic macrophytes 
following applications of either triclopyr TEA or triclopyr BEE could occur.”  Depending on site-
specific conditions, damage to aquatic macrophytes could be evident over a prolonged period of 
time. The longer-term HQs for sensitive species of aquatic macrophytes are based on estimates of 
average concentrations of triclopyr in water over a 1-year period.  
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5.17.3   Indirect Effects from Implementing the Proposed Program and Alternatives 
5.17.3.1   Environmental Effects 

5.17.3.1.1   Wildlife 
The indirect effects of herbicide treatments on wildlife are dependent on many factors, 

including the habitat type, specific project design, climate, bioregion, and specific ecological 
requirements of individual species. Information on responses of wildlife to fuel reduction 
treatments, including herbicide treatments, is sparse to totally lacking. As stated in Section 5.5.2, 
“As a rule, negative effects will be greatest for species dependent on the fuels being removed, while 
positive effects will be greatest for species that have evolved in fire-dependent and other 
disturbance-prone ecosystems.”  Native species found in fire prone areas in California should 
generally be adapted to vegetation disturbances caused by herbicide treatments. 

Some herbicide (but not borax) treatments, such as shrubland conversion to rangeland, are 
likely to significantly modify wildlife habitat. Others will only modify habitat slightly, such as noxious 
weed treatments on rangeland and understory shrub treatments following forest thinning. 
Herbicide treatments to control shrubs will normally increase the amount and diversity of grasses 
and forbs. 

While herbaceous weed control results in a significant reduction in wildlife forage 
and cover species during the first growing season after application, research has 
shown that this effect is temporary, and many species begin to reappear in the first 
year. By the end of the second growing season, the diversity and quantity of 
herbaceous plants are comparable to untreated areas. (McNabb 1997) 

Indirect effects on wildlife will vary over time and differ depending upon the species. Certain 
effects might be detrimental for some species, as by a reduction in the supply of preferred food or a 
degradation of habitat, yet beneficial to others, as by an increase in food or prey availability or an 
enhancement of habitat. This is especially true for species that have very small, localized 
populations, such as the endangered Lange’s metalmark butterfly that exists only in the 55-acre 
Antioch Dunes National Wildlife Refuge. However, it is unlikely that the effects on large populations 
of wildlife of vegetation modification, at the spatial and temporal scale of these treatments, will be 
significant. 

5.17.3.1.2   Vegetation 

The indirect effects of herbicide treatments on special status plant species depends upon 
whether the microsite created is favorable or not to the establishment, spread, growth, and/or 
viability of a particular species. Rangeland improvement treatments that remove shrubs will open 
the ground to full sunlight and the drying effects of increased wind speeds, which will adversely 
affect shade-adapted plants. Conversely, plants that thrive in hot, dry environments will likely 
spread, if a local seed source is available. Salvage logging after a large fire, followed by herbicide 
treatments to control shrubs to enhance establishment and growth of conifers, have in some cases 
resulted in a proliferation of herbaceous species compared to untreated areas (DiTomaso 1995) 
(The findings in this study were corroborated by Kenneth C. Baldwin through personal observation). 
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Fuelbreak treatments, especially those that remove most of the native vegetation and disturb 
the soil, create microsites that are conducive to the introduction, establishment, and spread of 
noxious weeds (see Section 5.5.4 Invasive Non-native Plants). If noxious weeds are growing in the 
vicinity of such treatments, and especially if they are species that propagate from windblown seeds 
that establish in open areas, which most do, it can be expected that these species will dominate the 
treatment areas to the detriment of native species. This is especially true if herbicide maintenance 
treatments follow within a few years of each other. 

Treatments to control or eradicate noxious weeds, to the extent that they are effective, will 
likely open new microsites for the expansion of adapted special status plants that are already 
growing in the treatment area, can spread too it, or are seeded in or planted by humans. These 
plants will then have the benefit of a growing site that has less competition for resources from other 
plants. 

5.17.3.1.3   Invasive Non-Native Plants 
Many of the noxious weeds that are aggressively invasive are adapted to disturbed sites with 

little or no shade. Conversion of shrub fields to rangeland or even for wildlife habitat improvement 
will generally be done by mechanical, hand, or prescribed fire or herbivory treatments. Herbicide 
treatments following the initial treatments will effectively prevent the regrowth of shrubs and 
perpetuate the microsite conditions that favor the establishment and spread of most species of 
noxious weeds.  

Herbicide maintenance treatments in shaded fuelbreaks in forest environments are not 
common, but may become more so if vegetation treatment funding levels decrease. In many 
locations in California, shaded fuelbreaks are being established along road rights-of-way. Road 
openings provide abundant sunlight, which enhances the establishment and growth of new plants 
and the regrowth of sprouting species cut during fuelbreak establishment. To remain effective, 
these fuelbreaks will need to be maintained, which can be done cheaply and effectively using 
herbicides applied by backpack sprayers or from vehicles. 

However, some studies indicate that repeated herbicide treatments, by controlling some 
species but not others and by creating favorable seedbeds, create microsites favorable to the 
invasion of noxious weeds. It is known that road openings are conducive to the spread of windborne 
seeds of such species as star thistle and pampas grass. Therefore, herbicide treatments of roadside 
shaded (or unshaded) fuelbreaks could result in invasion, reinvasion, or spread of noxious weeds 
found in the area. 

Herbicide treatments to control or eradicate noxious weeds, to the extent that they are 
effective, will likely open new microsites for the expansion of adapted native plants, if they are 
already growing in the treatment area, can spread too it, or are planted or seeded by humans. To 
the extent that native plants are able to reoccupy and hold disturbed sites, there will likely be a 
reduction in the population of noxious weeds. 

5.17.3.1.4   Air Quality 
There is growing concern about pesticide pollution in California’s air basins, especially in the 

Sacramento and San Joaquin Valley, Sierra Nevada, and Colorado Desert bioregions. There is 
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evidence that current U.S. EPA and CDPR regulations, which define pesticide drift as the total 
amount of off-site drift that occurs during and immediately after a pesticide application, is 
inadequate to prevent 80-95% of the total drift of volatile pesticides (Kegley 2003). Detailed analysis 
of the California Air Resources Board (ARB) monitoring data shows that:  

“. . for about 45% of total pesticides applied in California, the bulk of off-site 
pesticide movement occurs as the pesticide volatilizes (evaporates) after application. 
ARB monitoring data show that concentrations of pesticides in air peak between eight 
and 24 hours after the start of application, with concentrations declining over several 
days to several weeks. Data presented in this report make it clear that while controls 
at the time of application are necessary to reduce application-related spray drift, such 
measures are not sufficient to control post-application drift of volatile pesticides. To 
adequately address the full range of adverse effects caused by drift, post-application 
drift must be regulated as well as drift that occurs during applications.” (Kegley 2003) 

It is also thought that spray drift is not adequately controlled by regulatory language on 
pesticide labels. The U.S. EPA is in the process (since 2000) of making labels more consistent (ibid). 

One of the highest priorities of the CDPR is reducing pesticide emissions that contribute to air 
pollution and health problems. Details of the Environmental Monitoring Branch “Air Protection 
Program” are available at http://www.cdpr.ca.gov/docs/emon/ehap.htm. As stated on the CDPR 
website (http://www.cdpr.ca.gov/docs/emon/pubs/tac/tac_prog.htm) (CDPR 2012):  

“With the enactment of California's Toxic Air Contaminant Act the Legislature 
created the statutory framework for the evaluation and control of chemicals as toxic 
air contaminants (TACs). The statute defines TACs as air pollutants that may cause or 
contribute to increases in serious illness or death, or that may pose a present or 
potential hazard to human health. Included in the definition are substances listed as 
Hazardous Air Pollutants (HAPs) under section 7412 of Title 42 of the United States 
Code. The Department of Pesticide Regulation (DPR) is responsible for the evaluation 
of pesticides as TACs. 

In general, the law focuses on the evaluation and control of pesticides in ambient 
community air. In implementing the law, DPR must: 1) conduct a review of the 
physical properties, environmental fate and human health effects of the candidate 
pesticide; 2) determine the levels of human exposure in the environment; and 3) 
estimate the potential human health risk from those exposures. The law requires DPR 
to list in regulation those pesticides that meet the criteria to be TACs. DPR must then 
determine the appropriate degree of control measures for the pesticide. DPR may 
conduct compliance monitoring to assure that users adhere to the control measures 
as appropriate.” 

As stated on CDPR’s website (CDPR 2012), “DPR's TAC Program consists of two phases: 
risk assessment (evaluation and identification) and risk management (control).”  

The law requires the preparation of a report: “. . for each pesticide evaluated 
that includes: an assessment of exposure of the public to ambient concentrations of 
the pesticide; a risk assessment, which includes data on health effects, including 

http://www.cdpr.ca.gov/docs/emon/ehap.htm
http://www.cdpr.ca.gov/docs/emon/pubs/tac/tac_prog.htm
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potency, mode of action, and other biological factors; an overview of the 
environmental fate and use of the pesticide; and the results of air monitoring studies 
conducted in California to measure the levels of the candidate pesticide present in 
ambient air. The report is reviewed by the Office of Environmental Health Hazard 
Assessment, the ARB, and is made available for public review. Based on the results of 
these reviews, the draft report is revised as appropriate. The draft undergoes a 
rigorous peer review for scientific soundness by the Scientific Review Panel, a panel of 
experts representing a range of scientific disciplines. Based on the results of this 
comprehensive evaluation, the Director of the DPR determines whether the candidate 
is a TAC. If the Director determines the pesticide the criteria to be a TAC, DPR declares 
the pesticide a TAC in regulation, and adds it to the TAC list.” 

As per the California Code of Regulations Title 3. Food and Agriculture, Division 6. 
Pesticides and Pest Control Operations, Chapter 4. Environmental Protection, Subchapter 2. 
Air, Article 1. Toxic Air Contaminants, Section 6890, for a pesticide to be listed as a TAC its 
concentrations in ambient air must be: 

“. . greater than the following levels (for the purposes of this Section, a threshold 
is defined as the dose of a chemical below which no adverse effect occurs): 

(a) For pesticides which have thresholds for adverse health effects, this level 
shall be ten-fold below the air concentration which has been determined by the 
director to be adequately protective of human health. 

(b) For pesticides which do not have thresholds for adverse health effects, 
this level shall be equivalent to the air concentration which would result in a 
ten-fold lower risk than that which has been determined by the director to be a 
negligible risk.” 

2,4-D salts, and esters are the only herbicides analyzed in this PEIR that are designated as TACs 
by CDPR to implement Food and Agricultural Code Section 14021. The full list can be accessed on 
the ARB website at http://www.arb.ca.gov/toxics/tac/taclist.htm. 

As per a CDPR memorandum (CDPR 2007):  

“Pesticide VOCs [volatile organic compounds] can contribute to the formation of 
ground-level ozone, which when present in high concentrations is harmful to human 
health and vegetation. The federal Clean Air Act requires each state to submit a state 
implementation plan (SIP) for achieving and maintaining federal ambient air quality 
standards, including the ozone standard. In 1994, California’s Air Resources Board 
and CDPR developed a SIP element to track and reduce pesticidal sources of VOCs in 
five regions that do not meet the 1-hour ozone standard (ozone nonattainment 
areas): Sacramento Metro, San Joaquin Valley, Southeast Desert, Ventura, and South 
Coast. On February 21, 2006, the U.S. District Court (Eastern District of California) 
ordered CDPR to implement regulations by January 1, 2008, to achieve the VOC 
emission reduction goals.” 

http://www.arb.ca.gov/toxics/tac/taclist.htm
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Herbicides can enter the air and drift as droplets, particles, or vapors to affect offsite, non-
target species, including humans. Storrie (2004) describes these three modes of transport:  

“Droplet drift is the easiest to control because under good spraying conditions, 
droplets are carried down by air turbulence and gravity, to collect on plant surfaces. 
Droplet drift is the most common cause of off-target damage caused by herbicide 
application. For example, spraying fallows with glyphosate under the wrong 
conditions often leads to severe damage to establishing crops. 

Particle drift occurs when water and other herbicide carriers evaporate quickly 
from the droplet leaving tiny particles of concentrated herbicide. This can occur with 
herbicide formulations other than esters. Instances of this form of drift have damaged 
susceptible crops up to 30 km [18.6 miles] from the source. 

Vapour drift is confined to volatile herbicides such as 2,4-D ester. Vapours may 
arise directly from the spray or evaporation of herbicide from sprayed surfaces. Use of 
2,4-D ester in summer can lead to vapour drift damage of highly susceptible crops 
such as tomatoes, cotton, sunflowers, soybeans and grapes. This may occur hours 
after the herbicide has been applied. 

Vapours and minute particles float in the airstream and are poorly collected on 
catching surfaces. They may be carried for many kilometres in thermal updraughts 
before being deposited. Sensitive crops may be up to 10,000 times more sensitive 
than the crop being sprayed. Even small quantities of drifting herbicide can cause 
severe damage to highly sensitive plants.” 

Herbicides can also move off site when sprayed vegetation is burned, although it is difficult to 
determine the exact amount due to the presence of large volumes of smoke, which is composed of 
many toxic compounds from combustion of vegetation. 

Droplet and particle drift is largely dependent on droplet size, height above the ground of spray 
apparatus, herbicide formulation, tank mix, temperature, humidity, and wind velocity. Table 5.17.43 
shows the lateral distances that various sizes of droplets can drift in a 3 MPH wind and emphasizes 
why it is critical to manage herbicide spraying to reduce droplet size and drift. 

Recommended droplet sizes for adequate herbicide coverage are related to the mode of action 
of the herbicide. Since pre-emergence herbicides (hexazinone and sulfometuron methyl) that are 
applied to the soil are generally dispersed by mechanical incorporation or precipitation, coarse 
droplets (greater than 450 microns) can reduce drift risk while ensuring uniform control. Spray 
droplet size has the greatest influence on the control effectiveness of post-emergence herbicides 
(2,4-D, clopyralid, glyphosate, imazapyr, triclopyr, and sometimes sulfometuron methyl). These 
herbicides are readily translocated within plants and may be applied with droplet sizes of around 
350-450 microns. As a general rule for herbicides, spray droplet size should be greater than 200 
microns. (Colquhoun 2001) 

It is not expected that herbicide drift under the Proposed Program and Alternatives will be 
excessive. Only ground spray methods will be used. Most sprays will likely be from low pressure, 
low volume equipment that produces relatively large droplets that are released close to the target. 
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In addition, wind velocities near the ground tend to be lower than with increasing height. In 
combination, drift will be much less than that which would occur with aerial spraying. 

 

 

 

 

 

Table 5.17.43 
Spray Droplet Size and Potential Drift Distance 

Droplet 
Diameter 
(microns) 

Type 
of 

Droplet 

Time Required 
to Fall 

10 Feet 

Lateral Distance 
Droplets Travel While 

Falling 10 Feet in a 
3 MPH Wind 

5 fog 66 minutes 3 miles 
20 very fine spray 4.2 minutes 1,100 feet 

100 fine spray 10 seconds      44 feet 
240 medium spray   6 seconds      28 feet 
400 coarse spray   2 seconds           8.5 feet 

1,000 fine rain  1 second           4.7 feet 
From Storrie 2004 

Vapor drift is primarily affected by the volatility of the herbicide active ingredient formulation 
(esters are more volatile than salts or acids), climatic conditions (air temperature, humidity, and 
wind velocity), and soil conditions (texture and organic matter). Some herbicides are more volatile 
than others (see Tables 5.17-8 and 5.17-44). Ester formulations (i.e. 2,4-D EHE and triclopyr BEE) 
and the Velpar L® formulation of hexazinone are relatively volatile in comparison to the other 
herbicides analyzed in this PEIR. 2,4-D in particular has often been known to damage crops 
(especially grapes) in the vicinity of treatment areas from spray drift and volatilization. 

A study conducted in Canada demonstrated that 3 to 4 percent of both 2,4-D amine and the 
highly volatile ester drifted out of the target area as spray droplets. An additional 25 to 30 percent 
of the ester, however, drifted as vapor in the first 30 minutes after spraying, while no additional 
movement of the amine was detected (Grover & Yoshida 1972). 

In a study published by CDPR (CDPR 2002), monitoring was done off-site to determine the 
movement of three herbicides away from treatment areas following ground applications of 
glyphosate, triclopyr, and liquid hexazinone and aerial applications of granular hexazinone during 
1997 to 2001. To summarize the results: 

Glyphosate, triclopyr, and hexazinone were detected off-site following application. 
Triclopyr residues were detected up to 50-100 ft from the spray area in regions where it was 
co-applied with glyphosate. It is assumed that glyphosate also traveled distances equivalent 
to that of triclopyr, but remained undetected, likely due to its higher MDL [maximum 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 283 

 

 

detectable level]. Hexazinone is also suspected to have been transported off site in rain 
runoff/snowmelt from a liquid hexazinone treatment site and also transported off-site in dust 
residue from a granular hexazinone treatment site during aerial application. 
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Table 5.17.44 
Emission Potential of VTP Chemicals Used in 2010 in California 

Chemical 
Emission Potential (EPtog & EProg in %) 1/ 

Forestland Chemicals Rangeland Chemicals 
Range Most Used Formulations Range Most Used Formulations 

2,4-D, Dimethylamine Salt (DMA) 3.70-17.70 17.7 3.60-17.70 17.7 

2,4-D, 2-Ethylhexyl Ester (EHE) 2/ 2.32-31.29 13.29 & 31.29 7.29-39.15 7.29, 13.29, & 39.15 
Borax, Sodium Tetraborate Decahydrate 1.53 1.53 not used '00-'10 not used '00-'10 
Clopyralid, Monoethanolamine Salt  2.76 2.76 2.76 2.76 
Glyphosate, Diammonium Salt not used '00-'10 not used '00-'10 only 5 lbs. used '10 only 5 lbs. used '10 
Glyphosate, Dimethylamine Salt     
Glyphosate, Isopropylamine Salt 0-5.71 0-1.31 0-39.15 0 & 5.71 
Glyphosate, Potassium Salt  4.80 4.80 4.80 4.80 
Hexazinone  0-37.6 0.99 & 37.6 3/ 0-37.6 unknown - used '07 & '08 
Imazapyr, Isopropylamine Salt 0.01-0.04 0.01 0.01-0.04 0.01 
Sulfometuron-Methyl 1.02-3.70 1.02 not used '00-'10 not used '00-'10 
Triclopyr, Butoxyethyl Ester (BEE) 1.89-39.15 31.63 & 39.15 31.33-44.72 31.33 & 31.63 
Triclopyr, Triethylamine Salt (TEA) 11.23-11.70 11.70 5.71-11.70 5.71 & 11.70 

1/ EPtog = % of product that contributes to VOC emissions of total organic gases, EProg = % of product that contributes to VOC 
emissions of reactive organic gases;  2/ Also formerly known as isooctyl ester (U.S. EPA 2005d);  3/ Velpar L® formulation 
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Soil textures influence the degree of herbicide volatilization from soil surfaces. Most of the 
herbicides analyzed in this PEIR do not adsorb tightly to soil particles (primarily clay and organic 
matter). Those that do not adsorb tightly (2,4-D DMA, clopyralid, hexazinone, imazapyr, 
sulfometuron methyl, and triclopyr TEA) are more likely to volatilize, particularly if they are in a 
formulation that readily volatilizes. None of the herbicides with a low adsorption potential are more 
than moderately volatile in the formulations in which they are most commonly used, with the 
exception of the Velpar L® formulation of hexazinone, which has a high emission potential. 

The length of time a chemical will remain on-site and will thus be able to volatilize will be 
determined to a large extent by its persistence. The persistence of the chemicals analyzed in this 
PEIR is shown in Table 5.17.9. Persistence in soil is primarily affected by soil texture, climate, and 
microbial action. Persistence on plant surfaces is determined primarily by climate and exposure to 
sunlight. The herbicides with the longest potential persistence in soil (borax, clopyralid, hexazinone, 
imazapyr, sulfometuron methyl and triclopyr TEA), mostly have a low emission potential, with the 
exception of the Velpar L® formulation of hexazinone, which has a high emission potential and 
triclopyr TEA, which has a moderately high emission potential. 

Herbicide treatments are sometimes done to “brown vegetation” prior to applying prescribed 
fire to remove the dead vegetation (usually six months to a year following the treatment). 
Prescribed fire will volatilize herbicide residues found in the vegetation. Burning by itself produces 
toxic compounds that are respiratory irritants and some of which are carcinogens. Although the 
combustion products of most herbicides have not been examined in detail, it is not likely that they 
will add significantly to the hazard of burning alone. It is not possible in this PEIR to assess the 
extent to which the practice of brown and burn will occur or where it will occur on the landscape, as 
this practice is done on a voluntary basis. 

It is possible that in some situations, such as in air quality non-attainment air basins or near 
residential areas, herbicide treatments will be used instead of prescribed burning as maintenance 
treatments. To the extent that this is done, additional smoke will be avoided, so air quality will be 
unaffected. It is not possible in this PEIR to assess the extent to which prescribed burning will be 
replaced by herbicide treatments or where these treatments will occur on the landscape, as 
herbicide treatments are done on a voluntary basis. 

5.17.3.1.5   Water Quality 
To the extent that herbicide treatments remove vegetation that protects the soil surface from 

erosion by rainfall, especially on coarse-textured, erosive soils, such as those derived from granitic 
rocks, water quality could decline, at least temporarily. On the other hand, except for “brown and 
burn” scenarios, herbicide treatments kill or inhibit vegetation but do not remove it from the site, as 
does prescribed burning or mechanical treatments. Mechanical treatments that disturb the soil will 
likely result in greater surface erosion than herbicide treatments alone. In such cases herbicide 
treatments will protect the soil surface, and water quality, more than the aforementioned 
treatments. 

Some of the herbicides likely to be used under the Proposed Program and Alternatives have the 
potential to travel into waterbodies by spray drift, wind erosion of contaminated soil, surface runoff 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 286 

   
 

 

from treated areas, and/or by leaching into groundwater. This is discussed in Section 5.17.1.11 
Chemical Properties and Mobility and Section 5.17.2.1.3.1.2 General Public. 

5.17.3.1.6   Recreation 

Approximately 6.5% (2,263,000 acres) of the lands available for herbicide treatments are public 
lands. Herbicide treatments on these lands have a greater possibility of impacting the public than 
those on private lands, where access to the public is by invitation only. 

Public perception of the hazards of herbicide treatments are variable and run the gamut, from 
the belief that they are benign and beneficial to certainty that they are poisoning humans and the 
wild denizens of the natural world. Those with the latter perception will likely be offended if 
vegetation is treated with chemicals on public lands, and their sense of well-being from recreating 
on such lands will be diminished. 

Vegetation treated with herbicides tends to be highly visible and unsightly as it yellows, 
withers, and dies. Until treated areas have re-vegetated, the aesthetic sensibilities of many 
recreational visitors to public lands will likely be offended if treatments are highly visible or of great 
extent. 

The ultimate effect of negative public perception will likely result in, as it has to date, increased 
public pressure on resource managers, regulators, and legislators to restrict herbicide applications, 
not only on public lands but also on private lands. Negative public perception could be alleviated by 
more robust toxicity testing, as stated in an article by Guynn et. al. in the Wildlife Society Bulletin 
(WSB 2004):  

Future research efforts should address public concerns about forest herbicide use 
and contribute to a basis for defining socially acceptable applications. Information on 
the toxicity of surfactants, nonactive ingredients, and chemical mixtures (tank mixes) 
and increasing the number of sentinel species, especially amphibians, would address 
major public concerns. 

5.17.3.1.7   Geology & Soils 
As discussed above in Section 5.17.3.1.5 Water Quality, killing vegetation that is buffering the 

soil surface from rainfall impact has the potential to increase surface erosion. This is particularly 
likely when vegetation is removed from coarse-textured, erosive soils, such as those derived from 
granitic rocks. If such erosion occurs, it is conceivable that it could remove the duff and top soil 
horizons, where the bulk of the soil organic matter is located. This would likely reduce soil 
productivity, at least in the short term. 

Such a scenario is unlikely, however, as herbicide treatments alone do not remove vegetation. 
It is more plausible that as vegetation dies and sheds leaves and other plant parts, the organic litter 
layer that protects the soil surface from rainfall impact and overland water flow will increase in 
depth. This will have the effect of increasing the depth of the protective layer and as the litter 
decomposes, increasing the organic matter in the upper soil layer, thus enhancing soil productivity. 

There is some concern that herbicides will have an adverse effect on soil productivity by 
damaging soil microorganisms. All of the herbicides analyzed in this PEIR, however, are broken 
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down by microbial action, except for borax, which is an inorganic compound (Table 5.17.9). Studies 
reported in the SERA RAs indicate that adverse effects from herbicides to soil microorganisms are 
unlikely for most herbicides, using typical or worst-case exposure assumptions at the typical 
application rates. Field studies indicate that for most herbicides (especially glyphosate) there may 
either be no effect or an increase in microorganisms. However, field studies indicate that 
sulfometuron methyl “inhibited growth of several soil microorganisms and caused significant 
growth inhibition in Salmonella typhimurium after exposure periods of less than 3 hours” (SERA 
2004c). 

The risk of borax to insects and soil microorganisms was not characterized in SERA 2006i. 
Although borax is used to control fungi and insects, the atypical method of application of Sporax® 
(to individual tree stumps) combined with the likelihood that it will only be applied under the CFIP 
in the Proposed Program and Alternatives, makes it unlikely that there will be widespread exposure 
to insects and non-target microorganisms. Any effects to soil microorganisms, and thus soil 
productivity, will likely be localized and of limited extent. 

The estimates of risk from soil contamination are general rather than site-specific, as the 
persistence and movement of chemicals in soil are complex and dependent upon variable, site-
specific factors, primarily soil texture, organic matter content, microbial activity, and rainfall. 

5.17.4   Uncertainties and Unknowns 
There are a number of uncertainties and unknowns regarding the risks associated with using 

the herbicides analyzed in this PEIR. The following summarizes the uncertainties and unknowns, as 
discussed in more detail in the preceding risk analysis and in Wildlife Society Symposium 
publications from the 10th annual conference of the Wildlife Society in Burlington, VT. (WSB 2004) 

• Some aspects of the toxicity and fate of herbicides, such as the role of some surfactants and 
other adjuvants, and possible synergistic effects of multiple chemicals applied simultaneously 
(i.e., tank mixes), remain unknown. 

• FIFRA toxicity testing is not entirely adequate. Herbicides are only tested on a small number of 
sentinel species, generally under controlled conditions, and only on herbicide active 
ingredients. Testing of impacts to adult amphibians and to reptiles is largely absent. Tests on 
individual organisms cannot be used to predict how complex ecosystems will react to 
herbicides. 

• Inert ingredients are not necessarily chemically inert and can be toxic themselves, or can 
potentially affect toxicity of the herbicide when applied. 

• No comprehensive studies have evaluated the impacts of tank mixtures of herbicides. The 
fundamental types of interactions in these mixtures are additive (toxicity of the mixture is 
equivalent to the sum of the toxicities of the individual components), antagonistic (less than 
the sum), or synergistic (greater than additive). Synergistic toxicity is problematic in assessing 
risk and is complicated by the existence of multiple mechanisms by which it can occur. The 
toxicity of tank mixtures is generally considered to be the same as the most toxic herbicide, 
which may or may not be an accurate portrayal. 

• No comprehensive field studies have evaluated the impacts of multiple herbicide treatments 
for site preparation and release, or the combined impacts of mechanical treatments followed 
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by herbicide treatments. Effects of herbicides in combination with fire are not well 
understood. 

• Previous research on herbicide effects has suffered from being conducted at small temporal 
and spatial scales. 

• More scientific rigor needs to be incorporated into herbicide-forest biodiversity studies. Only 
25% of researchers collected pre-treatment data, only 40% used control plots, only 56% used 
replication, and only 45% of study results were peer reviewed (WSB 2004, Summary). 

• Interagency consultations between the U.S. EPA and the U.S. FWS on the effects of 64 
pesticides on the endangered California red-legged frog, including five of the herbicides 
proposed for use in the Proposed Program (2,4-D, glyphosate, hexazinone, imazapyr, and 
triclopyr) and one (atrazine) that might be used off-program, need to be completed to 
determine the effects on this species, as per CBD v. U.S. EPA & U.S. FWS, 2011. 

• There is a need for studies on alternatives to herbicides, including prescribed fire, manual and 
mechanical cutting, mulches, grazing animals, cover cropping, and ground based and spot 
application systems. 

• Herbicides are often perceived by the public to cause harm to the environment, and as a 
result, many public land managers are reluctant to use them. A major problem in managing 
natural resources in today’s sociopolitical environment is that there have been too few 
integrated comparisons of forest vegetation management alternatives, and too few syntheses 
of information to provide a scientific basis for decision-making. 

Studies in California have shown what appears to be a strong association between upwind 
pesticide applications (but not with the herbicides analyzed in this PEIR) and amphibian declines 
downwind. The relationship seems to be consistent across a number of different species 
representing at least three independent ranges. Given that amphibian populations appear to be 
declining worldwide, there is an urgent need for additional research on the role of pesticides in this 
decline. As reported in (Davidson 2004): 

Several recent studies in the Sierra Nevada (Datta et al., 1998, Sparling et al., 
2001) have documented current-use pesticide residues in the non-declining Pacific 
treefrog (Hyla regilla). This work needs to be extended to current-use pesticide 
residues in declining species, and with better geographic coverage to allow for an 
analysis of the relationship between declines and pesticide residues in frogs. In 
addition, laboratory experiments are needed to assess possible causal mechanisms of 
pesticide impacts at field-relevant doses. Given the findings here, examination of the 
impact of cholinesterase-inhibiting pesticides on immune response, hibernation, and 
other life functions could be especially illuminating. 

During research for this risk assessment, an abundance of information from different sources 
was evaluated. Some of this information was contradictory, some was from regions with different 
ecosystems, and some was based on herbicide formulations not approved for use in California. It is 
recommended that a solid science foundation be established, using organizational frameworks 
whenever possible, to capture social and ecological concerns and knowledge regarding herbicides 
specifically and pesticides in general. This would likely result in more light and less heat being 
generated in planning for and using herbicides in resource management. 
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5.17.5   Effects in Relation to Proposed Program Goals 
To the extent herbicide treatments modify the type, quantity, and continuity of existing live 

fuels and reduce their regrowth in areas previously treated by other methods, wildland fire behavior 
will be modified, the risk and severity of high intensity fires and associated suppression costs will be 
reduced, catastrophic loss of life and property from fires will be less, there will be less air pollution 
and greenhouse gases produced, and adverse impacts to water quality will be lower. These goals 
will be met most closely under the Proposed Program, as the area potentially treated with 
herbicides (19,620 acres) is at least 11,000 acres more than under Alternatives 1, 3, and 4 (17,741 
acres more than Alternative 1, 10,974 acres more than Alternative 3, and 14,967 acres more than 
Alternative 4) and 19,620 acres more than Alternative 2, the No Herbicide Alternative. All of the 
Alternatives will fall short of meeting the goals of the Proposed Program because less acreage will 
be treated. 

Herbicide treatments may be used to reduce noxious weeds and non-native invasive plants or 
to increase the quantity or quality of plant species that will improve browse for wildlife and 
domestic stock. To the extent that herbicide treatments are used for these purposes, forestland and 
rangeland resources will be enhanced. These goals will be met most closely under the Proposed 
Program, as the area potentially treated with herbicides (19,620 acres) is at least 11,000 acres more 
than under Alternatives 1, 3, and 4 (17,741 acres more than Alternative 1, 10,974 acres more than 
Alternative 3, and 14,967 acres more than Alternative 4) and 19,620 acres more than Alternative 2, 
the No Herbicide Alternative. All of the Alternatives will fall short of meeting the goals of the 
Proposed Program because less acreage will potentially be treated. 

Should funds be limited for the various CAL FIRE vegetation treatment programs, herbicide 
treatments, because they are generally less costly on a per acre basis than other vegetation 
treatment methods, will enable more acres to be treated than by other treatment methods. This 
will have the net effect of enhancing the Proposed Program goals on more acres across California. 

5.17.6   Effects from Off-program Herbicide Treatments 
While no aerial application of herbicides is permitted under the Proposed Program and 

Alternatives, landowners can use aerial applications as maintenance treatments outside of the 
program. Some of the risks and hazards of ground applications of herbicides are increased with 
aerial applications (spray drift and spills as a result of aircraft accidents), while other risks and 
hazards are lessened (applicator exposure). 

Certain chemicals (atrazine and atrazine related products and formulations containing the 2,4-D 
butoxyethanol ester compound) that will not be funded under the Proposed Program and 
Alternatives may be used off-program for maintenance treatments. These chemicals are known to 
present greater risks to non-target species. Atrazine, which is one of the top selling herbicides, is 
known to have a variety of adverse effects and is highly mobile in the environment.  

A recent report on atrazine (Hayes et al., 2002), showed that it affects sexual development in 
frogs at concentrations 30 times lower than the U.S. EPA allowable limit of 3 ppb in drinking water 
and 120 times lower than the proposed chronic exposure limit (12 ppb) for aquatic life. This study 
also found that: 
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…atrazine demasculinizes tadpoles and turns them into hermaphrodites. The 
herbicide also lowers levels of the male hormone testosterone in sexually mature 
male frogs by a factor of 10, to levels lower than those in normal female frogs. It is 
unclear whether these abnormalities lead to reduced fertility.  

Such severe effects on humans are unlikely, as humans do not bio-accumulate atrazine and are 
terrestrial vertebrates. However, this herbicide could be “subtly affecting human sex hormones, 
too, interfering with androgens, such as testosterone, that control male sexual characteristics” 
(Hayes et al., 2002). 

As discussed in Section 5.17.1.6 Chemicals Analyzed, CAL FIRE has no legal responsibility or 
authority to regulate off-program herbicide treatments. Treatments are governed by the regulations 
of a variety of agencies, such as U.S. EPA, CDPR, CA Water Resources Control Board, CA Water 
Quality Control Board, CA Air Resources Control Board, CA Department of Health Services, 
Cal/OSHA. These regulations are primarily enforced in California under federal law by the U.S. EPA 
and under state law by the CDPR through the County Agricultural Commissioners (see 4.17.2 for 
regulatory framework). 

The restrictions placed on chemical applications by the Landscape Constraints and MMRs in this 
PEIR could be, but are unlikely to be, fully applied off-program. Although the chemicals analyzed in 
this PEIR are those most likely to be used off-program, there may be others used that are more or 
less toxic to humans or to terrestrial or aquatic organisms. The timing of applications and the 
number of applications per year and per decade may vary from those assumed in this analysis. 
Aerial applications may be used to reduce per acre costs, so the likelihood of spray drift to water 
bodies and to non-target aquatic and terrestrial organisms could increase. The SERA RAs assess the 
risks of aerial applications, assuming that 5% of aerial sprays and 1% of ground sprays drift to non-
target areas. It is thus likely that adverse effects to non-target species will be greater than under the 
Proposed Program and Alternatives. But on a long-term, bioregional and statewide scale, effects to 
non-target species should be less than significant. 

5.17.7   Disposal of Chemicals 
Because chemicals are expensive and may have undesirable side effects, landowners, resource 

managers, and pesticide applicators attempt to use only as much as is required for adequate 
treatment of vegetation to meet desired objectives. Inevitably there will be times when too much 
has been prepared than can be applied at the legal or appropriate application rates. 

Disposal requirements for excess amounts of chemicals and/or mixtures, for containers, and for 
cleaning of equipment used for applications, are quite specific and are stipulated on chemical 
product labels and in Material Safety Data Sheets (MSDSs) (see Appendix E - How to Read a 
Pesticide Label, Appendix F - 2,4-D Label, and Appendix G - 2,4-D MSDS). These are legal 
requirements that must be followed and are designed to safeguard humans and the environment. If 
these requirements are followed, impacts from chemical disposal, whether chemical treatments are 
on- or off-program, will be less than significant. 
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5.17.8   Approval Process for Future Chemicals 
New chemical products and formulations are likely to become available to land managers in the 

future. Use of one or more of these products may be deemed more desirable for particular 
vegetation treatment goals than currently available chemicals. New products may be more 
efficacious at lower application/active ingredient (a.i.) rates, less toxic or mobile, have fewer non-
target effects, be cheaper, etc. The process for including new chemicals under this PEIR is described 
in Chapter 2, Section 2.5.F.  

5.17.9   Summary of Effects 
5.17.9.1   Human Health Effects 

5.17.9.1.1   Overview 

All chemicals potentially used under the Proposed Program and Alternatives have low acute 
oral, dermal and inhalation toxicity (Categories III - Caution or Category IV) (there is currently no 
inhalation study for NP9E). All of the chemicals have low acute dermal irritation (Category IV), 
except for boric acid and NP9E. Boric acid (but not borax) is listed as a dermal irritant (Category 
III – Caution) and NP9E is listed as severely irritating (Category II – Warning). Given the low acute 
oral, dermal, and inhalation toxicity for most of the proposed chemicals, none are required to be 
labeled with the word POISON and a skull and crossbones. No chemicals are skin sensitizers, with 
the exceptions of triclopyr BEE and TEA. 

Boron compounds are suspected of being absorbed more rapidly across damaged skin than 
intact skin. Thus, individuals with large areas of damaged skin should avoid using boron 
products, such as Sporax®. Undiluted NP9E may lead to skin sensitization, but such exposures 
are only likely to occur when it is mishandled. Some evidence suggests that dermal damage may 
also occur when in direct contact with high levels of clopyralid. Adverse effects can be largely 
avoided if workers use personal protective equipment and industrial hygiene procedures, as 
required by law. 

Based on acute eye irritation studies, 2, 4-D acids and DMA salts, the Sporax® form of borax, 
clopyralid acid, hexazinone, and triclopyr TEA are all listed as primary eye irritants (Category I - 
Danger) that can cause severe, irreversible eye damage. Depending on the test study, imazapyr 
varies from a Category I to a Category III classification. NP9E is listed as severely irritating 
(Category II – Warning). Adverse effects to workers who do not wear eye protection, as legally 
required, are plausible. Although acute eye irritation is minimal (Category III - Caution) for 2,4-D 
EHE, clopyralid monoethanolamine salt, glyphosate, sulfometuron methyl, and triclopyr BEE, it is 
also advisable for workers to wear eye protection when handling these chemicals. 

The WHO primarily uses only oral and dermal acute toxicity test results to determine 
classification. The WHO (2009) did not find any chemicals potentially used in the Proposed 
Program and Alternatives to be extremely or highly hazardous (Table 5.17.17). 2,4-D, 
hexazinone, and triclopyr are categorized as moderately hazardous and borax, clopyralid and 
glyphosate as only slightly hazardous. Imazapyr and sulfometuron methyl were found to be 
unlikely to present acute hazard in normal use. 
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The WHO classifications are for the active ingredients only and are not for any specific 
formulation. The final classification of these chemicals might be different, depending upon their 
formulation. However, evidence suggests that overall, whether assessed by the U.S. EPA or the 
WHO, chemicals potentially used in the Proposed Program and Alternatives do not pose a high 
acute toxicity hazard. 

According to U.S. EPA chemical assessments, reproductive and developmental toxicity 
symptoms only occurred at chemical dosages that were at or above the threshold of parental 
toxicity (ATPT) for chemicals potentially used in the Proposed Program and Alternatives, with 
the exception of borax (Table 5.17.19). None of the chemicals potentially used are listed on the 
California U.S. EPA’s Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65) as 
chemicals known to cause reproductive toxicity (OEHHA 2011). 

According to the U.S. EPA, none of the active ingredients proposed for use in the Proposed 
Program and Alternatives are known carcinogens or mutagens (Table 5.17.20). Similarly, none of 
the chemicals proposed for use are on the California EPA’s Safe Drinking Water and Toxic 
Enforcement Act of 1986 (Proposition 65) list of chemicals that are known to cause cancer (Cal 
EPA 2011). While clopyralid is not thought to be a carcinogen, hexachlorobenzene, a 
manufacturing contaminant of clopyralid, is a carcinogenic impurity of particular concern. 
However, hexachlorobenzene is found at average concentrations of less than 2.5 ppm in 
technical grade clopyralid, well below the cancer risk level used by the USDA/FS when assessing 
carcinogenicity. 

While neurotoxicity and immunotoxicity studies are now required as a part of new data 
requirements, these tests have not yet been completed for all chemicals proposed for use under 
this PEIR. Currently, most conclusions regarding neurotoxicity and immunotoxicity of chemicals 
are usually based on observations from toxicological studies not specific to evaluating the 
nervous and immune systems (see Table 5.17.21). Of chemicals potentially used in the Proposed 
Program and Alternatives, direct effects to the nervous system were only found for 2,4-D and 
boric acid/ borate salts at high dosages. Direct immunotoxicity effects were only observed for 
2,4-D, especially when mixed with certain other herbicides. 

Currently, information regarding endocrine disruption is vague, though according to U.S. 
EPA and USDA/FS risk assessments, 2,4-D, glyphosate, hexazinone, imazapyr and sulfometuron 
methyl are thought to have the potential to cause effects on the endocrine system with 
exposure, though it remains unclear if the effects are direct or indirect (see Table 5.17.21). Of 
the chemicals potentially used in the Proposed Program and Alternatives, currently only 2,4-D 
and glyphosate are on the U.S. EPA Final List of Initial Pesticide Active Ingredients and Pesticide 
Inert Ingredients to be Screened (as part of Tier 1) for effects of endocrine disruption (FR 2009, p. 
17579). 

Of the chemicals potentially used in the Proposed Program and Alternatives, only triclopyr 
produces a metabolite - i.e. 3,5,6-trichloro-2-pyridinol (3,5,6-TCP) – that is toxic beyond the level 
of concern in some scenarios (see Table 5.17.22). Clopyralid contains the impurities 
hexachlorobenzene and pentachlorobenzene, which are known carcinogens. 
Hexachlorobenzene is found at average concentrations of less than 2.5 ppm in technical grade 
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clopyralid and pentachlorobenzene is found at average concentrations of less than 0.3 ppm. 
Hexachlorobenzene is ubiquitous and persistent in the environment and almost all people are 
exposed to it and have detectable concentrations in their bodies (SERA 2004a, p. 3-23). Some 
formulations of glyphosate that contain POEA surfactants contain the known carcinogenic 
contaminant 1,4-dioxane. These three carcinogens, however, are at concentrations well below 
the cancer risk level used by the USDA/FS when assessing carcinogenicity. Nicotinic acid, which is 
also known as Vitamin B3, is a metabolite of imazapyr and is a known neurotoxin; however, the 
minute amount in imazapyr poses no toxicity concern. 

Forest Service risk assessments group chemical exposure to workers and members of the 
public into general exposure from normal use of chemicals and more severe 
accidental/incidental exposure resulting from misuse or unusual circumstances (SERA 2012). In 
Forest Service risk assessments, a number of specific scenarios are consistently used to 
characterize exposure of the general public (ibid and Table 5.17.23). The assumptions made for 
these scenarios often make these scenarios implausible. When the standard scenarios were 
established for Forest Service public exposure assessments, the events were often designed to be 
intentionally extreme. 

Extreme values, or upper and lower bounds of credible exposure levels, are typically used in 
Forest Service risk assessments. Particular consideration is also given to the estimated level of 
exposure most likely to occur, which is sometimes referred to as the central, or maximum 
likelihood estimate (ibid). The upper bound for each chemical is usually determined with the 
intent to encompass exposure of the most exposed individual. Moreover, when the lower bound 
exposure estimates are higher than the Level of Concern (LOC), this indicates that use of the 
pesticide will lead to an unacceptable risk (ibid).  

In Forest Service risk assessments, the exposure and the dose-response assessments are 
used to quantitatively characterize risks. Hazard quotients (HQ) are values used to categorize 
risk for systemic toxicity effects (SERA 2012). All HQ values are directly proportional to the 
application rate (i.e. an HQ value of 2 at an application rate of 1 lb a.e./acre would be 6 at an 
application rate of 3 lb a.e./acre). For acute exposures, HQs are in units of mg/kg bw/event 
whereas chronic exposures are in units of mg/kg bw/day. The HQ is usually calculated by 
dividing a projected level of exposure by an acceptable level of exposure, such as an RfD (ibid). 
Generally, an HQ greater than 1 indicates that risk is above the Level of Concern (LOC), or 
unacceptably high for the situation being considered, and that adverse health outcomes may be 
plausible. By contrast, an HQ less than or equal to 1 indicates that exposures are below the LOC 
and adverse effects are not expected. Still, when HQ values are 1 or greater, the plausibility of 
scenarios and assumptions made for each scenario should be considered before conclusions 
regarding risk levels are drawn. 

It needs to be emphasized that for the risk characterizations that follow, regardless of 
studies and findings, “[a]bsolute safety cannot be proven and the absence of risk can never be 
demonstrated” (SERA 2012). There are always uncertainties, such as those associated with using 
data from surrogate mammals to represent human health risk. Thus, individuals should remain 
prudent and minimize chemical exposure when possible.  
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5.17.9.1.2   Chemical-Specific Effects to Workers and the Public 
2,4-D 

Workers - Incidental (short-term) occupational risk to workers is high for workers at central 
and upper bounds (typical and upper application rates) when wearing a contaminated glove for 
one hour. Long-term exposure to 2,4-D leads to unacceptable risk at central and upper bounds 
(typical and upper application rates) for broadcast and direct spray applications. Workers 
applying 2,4-D using broadcast foliar spray methods have twice the risk of adverse effects 
compared to those doing direct foliar applications. The HQs for 2,4-D range from 1.3 for 
backpack applications at the central bound at the lowest application rate up to 121 for 
broadcast applications at the upper bound at the maximum application rate, so workers are 
likely to be exposed to hazardous doses when applying 2,4-D. For 2,4-D, aggressive measures 
are warranted to provide workers with adequate protective clothing free of any gross 
contamination. 

 Public 
Scenarios: 1) direct spray of a child’s whole body, 2) direct spray of a woman’s feet and 

lower legs - For all application rates of 2,4-D acid or salts, direct spray of a child leads to upper 
bound HQs greater than 1, ranging from a HQ of 3 for 0.5 lb a.e./acre to a HQ of 28 for 4 lb 
a.e./acre. Because the upper bounds are above the LOC, caution is particularly warranted to 
avoid accidental spraying of the public. However, this scenario is highly unlikely and is designed 
to be an indicator of the most serious exposures which could result from accidental spraying of 
members of the general public. 

An EPA risk assessment of 2,4-D exposures for a residential turf application scenario 
resulted in no risks exceeding the EPA LOC. This is consistent with the USDA/FS risk assessment 
(2006a) in which none of the scenarios involving contact with contaminated vegetation reaches 
a LOC. 

Scenarios: 1) consumption of contaminated fruit or vegetation by a woman, 2) long-term 
consumption of contaminated fruit or vegetation by a woman - At the lowest (0.5 lb a.e./acre), 
typical (1 lb a.e./acre), and highest (4 lbs a.e./acre) anticipated application rates, upper bound 
estimates of HQs for an adult female ingesting contaminated fruit are 4, 7, and 30, respectively. 
For an adult female ingesting contaminated vegetation HQs are 27, 54, and 216, respectively. 
The HQs for these acute exposure scenarios indicate substantial concern for maternal toxicity 
and neurotoxicity. 

For longer term (chronic) exposure at the lowest, typical, and highest anticipated 
application rates, upper bound estimates of HQs for an adult woman ingesting contaminated 
vegetation are higher than those for ingestion of fruits, with values of 19, 38, and 152, 
respectively. Plausible adverse health effects could target the developing fetus as well as the 
blood, kidney, liver, thyroid, eyes, reproductive system, immune system, and nervous systems of 
adults. 

Scenarios: 1) water consumption by a child after a spill, 2) consumption of contaminated 
fish by a man after a spill, 3) consumption of contaminated fish by subsistence populations 
following a spill, 4) water consumption by a child, 5) consumption of fish by subsistence 
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populations, 6) water consumption by a man over a lifetime - Based on central and upper-
bound HQs, adverse health outcomes are plausible following an accidental spill of 2,4-D into a 
small body of water. Upper bound hazard quotients for a young child consuming contaminated 
water following an accidental spill are 41, 82, and 328 for the lowest, typical, and highest 
anticipated application rates, respectively. Estimates of exposure via consumption of 
contaminated fish following an accidental spill result in HQs greater than the LOCs for both 
subsistence and typical fish consumption scenarios. For subsistence populations (i.e., those who 
may eat wild caught fish as a necessity rather than a sport), upper bound hazard quotients for 
fish consumption range from a low value of 4 for the lowest anticipated application rate to a 
high of 32 for the greatest anticipated application rate. Comparable hazard quotients for 
consumption by the general population range from 0.8 at the lowest application rate to 7 at the 
highest application rate (USDA/FS 2006a). 

The plausibility of these exposure scenarios following an accidental spill is uncertain, as this 
scenario assumes that the amount spilled ranges from the amount required to treat 1 acre to 
the amount required to treat 100 acres, with a central estimate based on the amount required 
to treat 10 acres. These assumptions are completely arbitrary and are intended only to illustrate 
potential risks over a broad range of conditions (USDA/FS 2006a). 

Borax 
Workers - Since Sporax® is only applied in a granular form in a specialized way, scenarios 

inapplicable to general worker exposure, direct spray, oral exposure by ingestion of 
contaminated vegetation, fruit, or fish, and direct exposure from contaminated vegetation, were 
omitted from the Forest Service risk assessments. The only scenarios assessed were for 
exposure to workers from wearing contaminated gloves for 1 minute and for 1 hour, with HQs 
at the upper bound ranging from 0.00072 to 0.00576 mg/kg bw/event, well under the LOC. 

Public 

Scenarios: 1) direct spray of a child’s whole body, 2) direct spray of a woman’s feet and 
lower legs - Given that Sporax® is only applied in a granular form in a specialized way, the 
scenario involving a child being directly sprayed with a chemical was adapted to a child 
ingesting borax directly from a freshly treated stump. This scenario had a central HQ of 4.2 
and values ranging from 2.1 to 16.2 for an ingestion of 50 to 400 mg of Sporax (5.67 to 45.36 
mg B/day). According to the Forest Service risk assessment, such “estimated levels of exposure 
are below levels of exposure associated with nonlethal effects such as diarrhea and vomiting 
by factors of about 4 [184÷ 45.36] to 32 [184 ÷ 5.67]”. Moreover, “lethal doses are in the 
range 505 mg B/kg/day and 765 mg B/kg/day, factors of about 11 to 135 below the estimated 
levels of exposure.”  This indicates that if a child consumes borax from a stump, the child 
would likely experience vomiting and diarrhea as symptoms of toxicity. No other public 
exposure scenario was above the LOC. 

Scenarios: 1) consumption of contaminated fruit or vegetation by a woman, 2) long-
term consumption of contaminated fruit or vegetation by a woman - None of these scenarios 
are applicable to borax. 
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Scenarios: 1) water consumption by a child after a spill, 2) consumption of contaminated 
fish by a man after a spill, 3) consumption of contaminated fish by subsistence populations 
following a spill, 4) water consumption by a child, 5) consumption of fish by subsistence 
populations, 6) water consumption by a man over a lifetime - The exposures for the 
accidental spill scenario are based on 6.25 to 25 pounds of borax spilling into a small pond. At 
these rates, the HQs for a small child consuming water contaminated by an accidental spill of 
Sporax® into a small pond range from 0.07 to 0.7, all below the LOC. Since risk is linearly 
related to the amount of Sporax® that is spilled into a pond, for spills of larger amounts, HQs 
could exceed the LOC. 

For exposure by consumption of water contaminated by runoff, the range of Sporax® 
application rates considered is 0.1 lb/acre to 5 lbs/acre (0.01 to 0.57 lb B/acre), with a typical 
rate of 1 lb/acre (0.11 lb B/acre). HQs for acute exposure of a child and chronic exposure of an 
adult male to water contaminated by runoff are below the LOC for all application rates 
considered. The highest hazard quotient of 0.3 is associated with the upper bound for acute 
exposure of a child. Thus, even at the highest application rate, there does not appear to be a 
risk associated with acute or chronic exposure to water contaminated by runoff. 

Clopyralid 
Workers - At an application rate of 0.25 lb a.e./acre, all of the general or incidental 

exposures to workers lead to HQ values substantially lower than the level of concern (LOC), so 
no systemic effects are likely to occur among workers as a result of clopyralid exposure. 

Public 

Scenarios: 1) direct spray of a child’s whole body, 2) direct spray of a woman’s feet and 
lower legs - At an application rate of 0.25 lb a.e./acre, none of the short or long-term exposure 
scenarios approach a LOC based on central estimates. 

Scenarios: 1) consumption of contaminated fruit or vegetation by a woman, 2) long-
term consumption of contaminated fruit or vegetation by a woman - At an application rate of 
0.25 lb a.e./acre, none of the short or long-term exposure scenarios approach a LOC based on 
central estimates. Only for chronic effects at the upper bound for consumption of vegetation 
does the HQ (1.2) modestly exceed the LOC. 

Scenarios: 1) water consumption by a child after a spill, 2) consumption of contaminated 
fish by a man after a spill, 3) consumption of contaminated fish by subsistence populations 
following a spill, 4) water consumption by a child, 5) consumption of fish by subsistence 
populations, 6) water consumption by a man over a lifetime - Only at the upper bound of the 
scenario of a child consuming water after a spill does the HQ (1.7) modestly exceed a LOC at 
the application rate of 0.25 lbs. a.e./acre. This short-term exposure scenario is of no concern. 
All other scenarios are substantially below a LOC. 

Glyphosate 
Workers - Based on HQ values, the risk to workers from exposure to glyphosate is minimal. 

The highest HQ for worker exposure is the upper bound for general broadcast spraying (HQ of 
0.08 at normalized 1 lb a.e./acre). At the highest rate of application of 8 lbs a.e./acre used by the 
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USDA/FS and potentially used under the Proposed Program and Alternatives, the highest HQ for 
occupational exposure is the upper bound associated with workers participating in broadcast 
foliar application.  

Public 

Scenarios: 1) direct spray of a child’s whole body, 2) direct spray of a woman’s feet and 
lower legs – Even at the upper bound at the highest application rate of 8 lbs. a.e./acre, none 
of these exposure scenarios leads to HQ values greater than 1, the LOC. 

Scenarios: 1) consumption of contaminated fruit or vegetation by a woman, 2) long-
term consumption of contaminated fruit or vegetation by a woman - The only non-accidental 
exposure of potential concern involves contamination of vegetation shortly after application 
(HQ of 0.7 at 1 lb a.e./acre). At the central (2 lb a.e./acre) and maximum (8 lb a.e./acre) 
application rates, the upper bound HQ values would be 1.35 and 5.4 respectively. Chronic 
exposure scenarios never resulted in LOCs, even when the maximum application of 8 lbs 
a.e./acre was used, as 0.9 was the highest HQ, which was for the chronic scenario involving 
contaminated vegetation. An HQ of 5 may raise concerns regarding adverse health effects to 
pregnant women and fetotoxicity. Formulas that contain surfactants and are used in South 
America have been associated with genotoxicity, though it is currently unclear if this finding is 
applicable to the U.S. formulations. 

Scenarios: 1) water consumption by a child after a spill, 2) consumption of contaminated 
fish by a man after a spill, 3) consumption of contaminated fish by subsistence populations 
following a spill, 4) water consumption by a child, 5) consumption of fish by subsistence 
populations, 6) water consumption by a man over a lifetime - The accidental acute exposure 
involving a child consuming contaminated water after a spill has an HQ of 2.05 at the upper 
bound at the typical application rate (HQ 8.2 at highest application rate). This scenario is quite 
arbitrary and thought to be inconsequential. 

Hexazinone 
Workers - Regardless of the formulation type, the upper bounds of general occupational 

exposure exceeded a LOC for broadcast and direct foliar application methods at a typical 
application rate of 2 lbs/acre (HQ of 6) and at the highest rate of 4 lbs/acre (HQ of 12). Even at 
the lowest application rate (0.5 lbs/acre), the upper bound of hexazinone exposure exceeds the 
LOC (HQ of 1.5 lbs/acre) for broadcast application. But the highest upper bound HQ for any 
accidental exposure scenario was only 0.08, for wearing gloves contaminated with a liquid 
formulation for one hour. At central bounds, the LOC is exceeded (HQ 1.8) only at the highest 
application rate while it only approaches the LOC (HQ 0.9) at the typical application rate. At the 
lower bounds, regardless of the application rate, HQs never reached a LOC. The interpretation of 
these HQ values in the Forest Service risk assessment was that the level of acceptable risk for 
workers would be unacceptable unless all precautionary handling measures were followed (e.g. 
personal protection equipment is used) to minimize exposure.  
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Public 

Scenarios: 1) direct spray of a child’s whole body, 2) direct spray of a woman’s feet and 
lower legs – For these accidental acute exposure scenarios, all HQs are substantially lower than 
a LOC at the upper bound at the highest application rate. 

Scenarios: 1) consumption of contaminated fruit or vegetation by a woman, 2) long-
term consumption of contaminated fruit or vegetation by a woman - The only non-accidental 
exposure scenario, long-term consumption of contaminated vegetation, that results in HQs 
that substantially exceed LOCs are at the highest application rate (4 lbs a.e./acre) of Velpar L (a 
liquid formulation) at low, central, and upper bounds (HQs of 0.4.1, 6, and 46 respectively). 
Even at the lowest application rate (0.5 lb a.e./acre), the LOC is exceeded at the upper range 
of exposure (HQ of 5.75) for broadleaf vegetation. The risk of exposure is much lower for 
granular formulations of hexazinone, with HQs of 0.2 for fruit and 1.8 for broadleaf vegetation 
at the upper bound at the highest application rate. Given that granular application methods 
result in less residue on plants, particularly on the leaves of broadleaf vegetation and other 
plant parts that might collect similar levels of residue, this method should be favored over 
liquid hexazinone applications where public consumption of contaminated vegetation is 
probable. 

Scenarios: 1) water consumption by a child after a spill, 2) consumption of contaminated 
fish by a man after a spill, 3) consumption of contaminated fish by subsistence populations 
following a spill, 4) water consumption by a child, 5) consumption of fish by subsistence 
populations, 6) water consumption by a man over a lifetime - The only acute exposure that 
leads to a HQ above the LOC is the accidental exposure involving consumption of 
contaminated water by a child after a spill into a small pond, which results in a HQ of 2 at the 
upper bound of the highest application rate (4 lbs a.e./acre) for Velpar L. However, this 
scenario is highly arbitrary and implausible. For chronic exposures other than the consumption 
of contaminated vegetation, the highest HQ is 0.2, the upper range for the consumption of 
contaminated water at the maximum application rate. This is below the LOC by a factor of 5. 

Imazapyr 
Workers - Risks are characterized only for workers applying imazapyr by ground broadcast 

methods. The highest HQ for general exposures is 0.02, the upper bound at the typical 
application rate of 0.30 lbs a.e./acre of the HQ for workers involved in ground broadcast 
applications of imazapyr. This is below the LOC by a factor of about 50. The highest accidental 
HQ is 0.004, at the upper bound for a worker wearing contaminated gloves for 1 hour. No 
exposure assessment was done for cut surface or basal bark applications, as adequate worker 
exposure studies were not available. However, since cut surface applications would require the 
use of concentrated imazapyr solutions, exposures could reach a LOC in five hours of wearing 
contaminated gloves. Workers who use highly concentrated solutions of imazapyr should be 
especially careful to prevent prolonged skin contact with the chemical. Eye irritation is the only 
clear risk to humans and is most pertinent to workers. Injury to the eye is most likely to occur 
with occupational mishandling of imazapyr, and thus workers should be prudent to follow 
personal protection measures, such as wearing goggles. Currently, no evidence suggests that 
systemic effects are likely to occur among workers as a result of exposure to imazapyr. 
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Public 

Scenarios: 1) direct spray of a child’s whole body, 2) direct spray of a woman’s feet and 
lower legs – Both of these scenarios resulted in accidental acute exposure HQs that were 
substantially below a LOC at the upper bound at the highest application rate. 

Scenarios: 1) consumption of contaminated fruit or vegetation by a woman, 2) long-
term consumption of contaminated fruit or vegetation by a woman - The general public is not 
likely to be at risk due to applications of imazapyr. None of these scenarios resulted in an HQ 
that exceeded 1, the LOC, when calculated at an application rate of 1 lb a.e./acre. When using 
the upper bound at the maximum application rate of 1.5 lbs a.e./acre, the non-accidental 
acute scenario of an adult woman consuming contaminated vegetation resulted in a HQs of 1. 
Given the lack of adverse effects detected, HQ values that do exceed 1 are difficult to 
interpret. Currently, no evidence suggests that systemic effects are likely to occur in the 
general public as a result of imazapyr exposure. 

Scenarios: 1) water consumption by a child after a spill, 2) consumption of contaminated 
fish by a man after a spill, 3) consumption of contaminated fish by subsistence populations 
following a spill, 4) water consumption by a child, 5) consumption of fish by subsistence 
populations, 6) water consumption by a man over a lifetime - The general public is not likely 
to be at risk due to applications of imazapyr. No dose has been identified that might pose a risk 
to humans. Based on the RfD of 2.5 mg/kg bw/day, the highest HQ is associated with an 
accidental spill of imazapyr into a small pond and the subsequent consumption of 
contaminated water by a small child. For this exposure scenario the HQ is 1 at the upper 
bound at the highest application rate of 1.5 lbs a.e./acre. The risk assessment suggests that 
only very severe accidental spills would approach a LOC. HQs for all other scenarios are 
substantially below a LOC. Currently, no evidence suggests that systemic effects are likely to 
occur in the general public as a result of imazapyr exposure. 

NP9E 
Workers - No evidence indicates that typical acute and chronic exposures would lead to 

doses that exceed the LOC for workers, though some of the upper bounds did exceed it. The 
upper bounds of general worker exposure resulted in levels above concern, with the LOC being 
double for broadcast application (HQ of 10.1) than directed (backpack) ground spray (HQ of 
5.34). Despite the high LOCs at the upper bounds, there is not a high likelihood that workers will 
use such high levels of surfactants containing NP9E on a long-term basis. Additionally, workers 
are expected to use industrial hygiene practices while handling chemicals, which are not 
accounted for in worker exposures. 

Public 

Scenarios: 1) direct spray of a child’s whole body, 2) direct spray of a woman’s feet and 
lower legs – Neither of these scenarios resulted in HQs that exceeded the LOC. 

Scenarios: 1) consumption of contaminated fruit or vegetation by a woman, 2) long-
term consumption of contaminated fruit or vegetation by a woman - No evidence indicates 
that typical acute and chronic exposures would lead to doses that exceed the LOC for the 
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general public, though some of the upper bounds did exceed it. Chronic exposure leads to 
levels below concern. The scenario for consumption of contaminated fruit leads to acute or 
accidental exposures with unacceptable risk, but only the upper bounds were above the LOC 
(HQ 12). These findings indicate that oral, rather than dermal, exposures are of the greatest 
concern for NP9E, and help determine where the greatest mitigations may be necessary to 
minimize exposures to the public. According to the USDA/FS risk assessment, there should not 
be any substantial risk of long-term exposure to NP9E-based surfactants to the public. 

Scenarios: 1) water consumption by a child after a spill, 2) consumption of contaminated 
fish by a man after a spill, 3) consumption of contaminated fish by subsistence populations 
following a spill, 4) water consumption by a child, 5) consumption of fish by subsistence 
populations, 6) water consumption by a man over a lifetime - No evidence indicates that 
typical acute and chronic exposures would lead to doses that exceed the LOC for the general 
public, though some of the upper bounds did exceed it. Oral rather than dermal exposures are 
of the greatest concern for NP9E. Chronic exposure leads to levels substantially below the LOC, 
though some accidental exposure scenarios lead to exposures of concern. At the upper bound, 
the HQ is 1.7 for consumption of contaminated fish by subsistence populations following a 
spill. The scenario relating to consumption of water by a child after a spill leads to the highest 
risk at lower, typical, and upper exposures levels (HQ values of 1.4, 4.6, and 17 respectively), 
but this scenario is highly arbitrary, which means that LOCs are not indicative of realistic risk to 
the public. According to the USDA/FS risk assessment, there should not be any substantial risk 
of long-term exposure to NP9E-based surfactants to the public. 

Sulfometuron methyl 
Workers - At the typical application rate used by the Forest Service and potentially used 

under the Proposed Program and Alternatives (0.045 lb a.e./acre), none of the upper limit HQ 
values for workers are at or above LOCs and most are substantially below a LOC. The highest 
general worker HQ is 0.34 at the typical application rate for broadcast application. At the 
maximum application rate (0.38 lb a.e./acre) the HQ for broadcast application is 2.9 and for 
direct foliar application it is 1.5, both of which are above the LOC. 

The interpretation in Forest Service RAs is that an unacceptable level of risk could be 
expected for workers if the maximum application rates are used, the maximum acreage is 
treated per day, and the workers are not prudent in using sound hygiene practices and personal 
protection equipment. Given the low likelihood that all these factors would occur, and the 
conservative provisionary RfDs used by the Forest Service, it is unlikely that workers would 
experience observable adverse effects. The risk of adverse effects would be reduced or 
eliminated if lower application rates and fewer acres were treated. 

Public 

Scenarios: 1) direct spray of a child’s whole body, 2) direct spray of a woman’s feet and 
lower legs - At the typical application rate used by the Forest Service and potentially used 
under the Proposed Program and Alternatives (0.045 lb a.e./acre), all of the upper bound HQ 
values for these scenarios are substantially below a LOC. For the general public, all acute 
exposures, both accidental and non-accidental, remained below the levels of concern at the 
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maximum application rate of 0.38 lb a.e./acre. The risk of adverse effects to the public would 
be reduced or eliminated if lower application rates and fewer acres were treated. 

Scenarios: 1) consumption of contaminated fruit or vegetation by a woman, 2) long-
term consumption of contaminated fruit or vegetation by a woman - At the typical 
application rate, the upper bound HQ values are substantially below a LOC. All acute 
exposures, both accidental and non-accidental, remained below the levels of concern at the 
maximum application rate of 0.38 lb a.e./acre. For, chronic exposures, only the upper bound 
relating to the consumption of contaminated vegetation was above the level of concern, with 
an HQ of 4.1. The risk of adverse effects to the public would be reduced or eliminated if lower 
application rates and fewer acres were treated. 

Scenarios: 1) water consumption by a child after a spill, 2) consumption of contaminated 
fish by a man after a spill, 3) consumption of contaminated fish by subsistence populations 
following a spill, 4) water consumption by a child, 5) consumption of fish by subsistence 
populations, 6) water consumption by a man over a lifetime - At the typical and highest 
application rates, none of the upper bound HQ values for these scenarios are at or above LOCs 
and most are substantially below a LOC. It is unlikely that the public would experience 
observable adverse effects. 

Triclopyr 
Workers - The LOC for occupational exposure is highly dependent on whether the acute or 

chronic RfD is used. Based on the acute RfD, at an application rate of 1 lb a.e./acre none of the 
HQs were substantially above the LOC, but the acute RfD is only appropriate for male workers. 
Based on the chronic RfDs, HQs are below the LOC for triclopyr TEA. The central estimates for 
triclopyr BEE range from 0.7 to 1.2 at the typical application rate of 1 lb a.e./acre. All upper 
bound HQ values were above the LOC for both TEA and BEE forms of triclopyr when based on 
the chronic RfD for all application methods. In this case, BEE had higher HQ values than the TEA 
form of triclopyr (TEA 1.6 to 3, BEE 6 to 12). One of the most likely exposures and risks for 
workers is from triclopyr being splashed into eyes, as it is moderately to severely damaging. This 
as an avoidable hazard, as long as workers wear eye protection while handling triclopyr. 

Public 

Scenarios: 1) direct spray of a child’s whole body, 2) direct spray of a woman’s feet and 
lower legs – The HQ values for these two scenarios vary considerably between triclopyr TEA, 
BEE, and the metabolite TCP. The HQs for triclopyr TEA are both below a LOC at the upper 
bound at the typical application rate of 1 lb a.e./acre, but would exceed a LOC (HQs of 1.3 to 
3.3) at the upper bound at the maximum application rate of 6.6 lbs a.e./acre. For triclopyr BEE, 
the HQ (1.4) exceeds the LOC for the direct spray of a woman’s feet and lower legs at the 
upper bound at the typical application rate and exceeds a LOC (HQs of 4.6 to 9.2) at the 
maximum application rate. For TCP, the HQ for direct spray of a child exceeds a LOC at the 
central (8) and upper (123) bounds at the typical application rate and exceeds a LOC for the 
direct spray of a woman’s feet and lower legs at the upper (HQ 12) bound at the typical 
application rate. These HQs would be 6.6 times higher at the upper bound at the highest 
application rate. 
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Because the upper bounds are above the LOC, caution is particularly warranted to avoid 
accidental spraying of the public. However, these scenarios are highly unlikely and are 
designed to be indicators of the most serious exposures that could result from accidental 
spraying of members of the general public. 

Scenarios: 1) consumption of contaminated fruit or vegetation by a woman, 2) long-
term consumption of contaminated fruit or vegetation by a woman - The only triclopyr or 
TCP exposure scenarios of substantial concern involve the consumption of contaminated 
vegetation and fruit. These risks do not differ between the TEA and BEE formulations. For 
acute non-accidental and chronic (chronic values in parentheses) exposures to a young woman 
consuming contaminated vegetation the HQs at the upper bound at the typical application 
rate of 1 lb a.e./acre are 27 (4). At the typical application rate, the central bounds for the 
consumption of contaminated vegetation exceed or reach the LOC for acute exposures to 
triclopyr (HQ of 0.3) and to TCP (HQ of 6) and for chronic exposures to TCP (HQ of 1.3). Lower 
bounds of exposures are used as best case estimates and are generally intended to represent 
the feasibility of risk mitigation. The lower bound HQ for the exposure scenario involving a 
young woman consuming vegetation contaminated with triclopyr is 0.2 at an application rate 
of 1 lb a.e./acre and would reach a LOC (HQ 1) at an application rate of 5 lbs a.e./acre, and 
exceed (HQ 1.3) the LOC at the maximum application rate of 6.6 lbs a.e./acre. 

Potential exposures to triclopyr TEA, BEE, and TCP also exceed the LOC at the upper 
bound of the HQs for both the non-accidental acute and longer-term consumption of 
contaminated fruit. For TEA and BEE, the HQs are 4 for acute and 3 for chronic exposures and 
for TCP the HQs are 2 for acute and 10 for chronic exposures. These HQs would be 6.6 times 
higher at the upper bound at the highest application rate. The upper bound HQs are 
intentionally based on very conservative exposure assumptions that lead to assessments that 
may unrealistically magnify risks. 

Scenarios: 1) water consumption by a child after a spill, 2) consumption of contaminated 
fish by a man after a spill, 3) consumption of contaminated fish by subsistence populations 
following a spill, 4) water consumption by a child, 5) consumption of fish by subsistence 
populations, 6) water consumption by a man over a lifetime – The scenarios of greatest 
concern are for a child consuming contaminated water after a spill. For triclopyr TEA and BEE, 
the HQ at the upper bound at the typical application rate is 2 and for TCP is 82 (5 at the central 
bound). The risk assessment suggests that only very severe accidental spills would exceed a 
LOC and only for the metabolite TCP. However, this scenario is highly arbitrary, which means 
that the LOCs are not indicative of realistic risk to the public. For all of the other scenarios, the 
HQs are substantially below a LOC. 

5.17.9.1.3.   Chemical-Specific Effects to Sensitive Subgroups, Connected Actions, and 
Cumulative Effects 

Sensitive Subgroups - Potential adverse effects to sensitive subpopulations of humans from 
chemical treatments are highly dependent on the toxicity of a specific chemical, the exposure 
to that chemical, the dose and length of time to which an individual is exposed, and the 
sensitivity of that individual to a specific chemical. 
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Connected Actions - Connected actions are typically activities other than those associated 
with the agent of concern that might impact an individual’s response to that agent. Potentially 
significant connected actions associated with the risk assessments done by SERA and the 
USDA/FS include exposures to other agents that might alter an individual’s response to the 
agent of concern (SERA 2005, p. 3-42). The Food Quality Protection Act requires that chemicals 
that are mixed with other chemicals that have the same mode of action relating to toxicity be 
assessed for synergistic, additive, or antagonistic effects. 

Cumulative Effects - Cumulative effects refers to the consequences of repeated exposure to 
the chemicals potentially used in the Proposed Program and Alternatives as well as exposures 
to other chemicals that have the same mode of action as the chemical of concern. As stated in 
SERA 2005 (p. 3-41), “It is beyond the scope of the current risk assessment to identify and 
consider all agents that might have the same mode of action. To do so quantitatively would 
require a complete set of risk assessments on each of the other agents that would be 
considered.” 

2,4-D 
Sensitive Subgroups - Reproductive age females are particularly sensitive to 2,4-D, which is 
taken into account by the conservative RfDs used. In addition, young, old, immune-
compromised and/or malnourished individuals as well as individuals who have diseases 
involving the integrity of the cell membrane, are thought to be more susceptible to the 
adverse effects of 2,4-D. The use of sunscreen may also exacerbate the effects of 2,4-D by 
increasing dermal absorption. 

Connected Actions - The use of 2,4-D in conjunction with other particular herbicides has been 
implicated in causing synergistic effects on the immune, neurological and/or reproductive 
systems. Risk to humans and the environment is thought to be associated with some 
impurities and inert ingredients found in 2,4-D formulations. However, there is currently no 
evidence that such contaminants significantly impact the risk of 2,4-D use. 

Cumulative Effects - While cumulative effects have not been empirically confirmed to occur 
with the use of 2,4-D, they are suspected to occur in certain circumstances. For example, 
given that 2,4-D is known to induce programmed cell death (apoptosis), it is not 
unreasonable to suspect that when mixed with a similar chemical, additive, synergistic or 
inhibitory effects might occur with several chemicals that affect cell membranes and cell 
metabolism. 

Borax 
Sensitive Subgroups - Developing fetuses are a primary target of boron exposure. Since the 
RfD is based on the adverse fetal effect of weight loss, the reproduction related subgroups 
are accounted for throughout the entire Forest Service risk assessment. Testes are also 
targeted in male mammals and thus, while data is currently lacking, males with underlying 
testicular dysfunction may be at an increased risk of testicular issues induced by boron 
exposure. 
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Connected Actions - Connected actions are not of concern since borax is not mixed with 
other chemicals. 

Cumulative Effects - Multiple exposures are not concerns given that the chronic RfD was 
used to calculate risk through the entire boron assessment. The concern is also lessened by 
the fact that boron is ubiquitous in nature. Exposures occur naturally at rates of 0.14 to 0.36 
mg/kg/day and potential application rates under the Proposed Program and Alternatives will 
not substantially contribute to the already existent background levels. 

Clopyralid 
Sensitive Subgroups - In toxicity studies clopyralid has been implicated in causing decreased 
body weight, increased kidney and liver weight, deceased red blood cell counts, as well as 
hyperplasia in gastric epithelial tissue. The likely critical effect in humans cannot be 
identified and effects are not consistent among test species or even between different 
studies on the same species. It is unclear if individuals with pre-existing kidney, liver, or blood 
diseases would be particularly sensitive to clopyralid exposures. There are no data or case 
reports on idiosyncratic responses to clopyralid by individuals who suffer from multiple 
chemical sensitivity. 

Connected Actions - Although clopyralid may be applied in combination with 2,4-D or other 
herbicides, no data in the literature suggests that it will interact, either synergistically or 
antagonistically, with them. 

Cumulative Effects - Repeated exposure to levels of clopyralid below the toxic threshold 
should not be associated with cumulative toxic effects. All longer-term exposures are 
substantially below the LOC. 

Glyphosate 
Sensitive Subgroups - Sensitive subgroups include women and fetuses, but these are 
accounted for since a developmental study was used to establish the NOAEL used for the 
RfD. While not well understood, MCS may be a potential concern for glyphosate, as with 
other chemicals.  

Connected Actions - The U.S. EPA has not determined if glyphosate shares toxicity 
mechanisms with other chemicals. Potentially the most important connected action is 
associated with surfactants. Given that glyphosate functions to inhibit some mixed-function 
oxidases, this is a plausible mechanism of interaction for other chemicals that function 
similarly. There has been no evidence of such effects, however, and this is only likely to be a 
potential when glyphosate is applied at much higher rates than done by the Forest Service or 
likely under the Proposed Program and Alternatives. 

Cumulative Effects - The daily dose of glyphosate rather than the duration of exposure 
determines the toxicological response. Repeated exposure to levels of glyphosate below the 
toxic threshold should not be associated with cumulative toxic effects. All longer-term 
exposures are substantially below the LOC. 

Hexazinone 
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Sensitive Subgroups - Hexazinone can induce fetal resorptions and other adverse 
developmental effects, so pregnant women and developing offspring may be sensitive 
subgroups particularly vulnerable to adverse effects of hexazinone. This potential has been 
explicitly accounted for given that the developmental endpoint was used in the risk 
assessment. The literature does not report any other subgroups that may be sensitive to 
hexazinone and there is no indication that it causes allergic responses or sensitization.  

Connected Actions - There is almost no information available on the interaction of 
hexazinone with other compounds. There is no indication that the inerts and adjuvants in its 
formulations will increase the toxicity of hexazinone in humans or mammals. However, it is 
not unreasonable to suspect hexazinone would interact additively, synergistically or 
antagonistically with chemicals that share similar metabolic pathways. Such potential 
connected actions are beyond the scope of the risk assessment in this PEIR and are not 
evaluated by the Forest Service or the U.S. EPA. 

Cumulative Effects - Cumulative effects may result from repeated exposures, multiple routes 
of exposure (i.e., oral and dermal), or exposures to chemicals that have connected modes of 
action. Forest Service risk assessments consider the effects of multiple, long-term exposures, 
evaluating risk in terms of both acute and chronic exposures to workers and the general 
public. 

Imazapyr 
Sensitive Subgroups - Given the low toxicity of imazapyr, effects on sensitive subpopulations 
are thought to be minimal. Because imazapyr is a weak acid it would most likely be affected 
by other weak acids that are similarly excreted by the kidneys, though only at unrealistically 
high doses that nearly saturate kidneys.  

Connected Actions - Given the low toxicity of imazapyr, the occurrence of connected actions 
is thought to be minimal. Both the low HQ values and conservative assumptions support that 
impacts of inerts, impurities and metabolites are minimal to imazapyr risk characterization. 
However, adjuvant interactions are a potential, but were beyond the scope of the USDA/FS 
risk assessment for imazapyr. 

Cumulative Effects - Given the low toxicity of imazapyr to humans, cumulative effects are 
thought to be minimal. When characterizing risk of chemical use, cumulative effects may 
result if humans experience multiple exposures to imazapyr via multiple routes and/or 
events, or if humans are exposed to additional chemicals with the same toxicity mechanisms 
at the same time as exposure to imazapyr. At present, common mechanisms of toxicity have 
not been found between imazapyr and any other chemicals (similar or otherwise). 

NP9E 
Sensitive Subgroups - There are several groups of people that have the potential to be part 
of sensitive subgroups. There is some indication that some sensitive individuals are prone to 
develop contact allergies related to NP9E exposures. In addition, there is evidence that NP9E 
targets the kidneys and liver in mammals, so sensitive subgroups may consist of those 
individuals that have pre-existing impairment of the liver or kidneys. According to the Forest 



Herbicides - Affected Environment 
 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  5.17- 306 

   
 

 

Service risk assessment, the likelihood of NP9E inducing reproductive effects should be low, 
though acute exposures may occur at the application rates that are within the range of fetal 
effects being a potential. Therefore, it is relevant to consider pregnant women an additional 
potential sensitive subgroup.  

Connected Actions - NP9E has not been connected to any antagonistic or synergistic 
interactions relating to human health effects when mixed with other chemicals. This group 
of surfactants is not known to increase dermal absorption of herbicides and synergistic 
effects are not expected with repeated exposures of NP related compounds. Toxicological 
response appears to be dependent on daily doses rather than the duration of exposures. 
Additionally, any repeated-exposure effects should have been counted for through use of 
the chronic RfD. There is the potential for additive estrogenic effects to arise if NP related 
compounds or chemicals that act via similar estrogen-like (xenoestrogen) pathways 
cumulatively reach a high enough concentration. NP9E is abundant in a number of non-
forestry related sources (e.g. personal care products, industrial and institutional detergents 
and cleaners, and the environment), and the amount of human exposure to NP9E as a result 
of forestry use is thought to be negligible. 

Cumulative Effects - Repeated exposure to levels below the toxic threshold should not be 
associated with cumulative effects. However, estrogenic effects can be caused by additive 
amounts of NP, NPE, and their breakdown products. In other words, an effect could arise 
from the additive dose of a number of different xenoestrogens and phytoestrogens 
(hormone mimicking substances naturally present in plants), none of which individually have 
high enough concentrations to cause effects. Additive doses could come from sources 
removed from the herbicide application site, such as personal care products, detergents and 
soaps, foods, paints, and from the environment. Various studies have estimated the daily 
exposure of humans to NP and NPE from food and the environment. As presented in 
USDA/FS 2003b (p. 38), In terms of this risk assessment, the contribution of NP9E (workers 
exposure ranged from 0.000075 to 1.01 mg/kg/day) would contribute from 0.00075 up to 10 
to any hazard quotient. This may be negligible depending upon the background exposures, 
lifestyles, absorption rates, and other potential natural or man-made chemical exposures 
that are used to determine overall risk to environmental xenoestrogens. 

Sulfometuron methyl 
Sensitive Subgroups - No adverse effects for sensitive subgroups was identified with 
evidence in the 2004 risk assessment for sulfometuron methyl conducted for the Forest 
Service. Given hematology and thyroid effects observed in mammalian studies, it was 
suggested that individuals with pre-existing anemia or thyroid function issues may be more 
susceptible to adverse effects.  

Connected Actions - According to the Forest Service risk assessment, sulfometuron methyl 
formulations have not been connected to synergistic or antagonistic effects related to the 
mixing of sulfometuron methyl with other active ingredients and surfactants. 
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Cumulative Effects - Cumulative effects are not anticipated given that repeated exposures 
were explicitly considered through using a chronic RfD to evaluate the level of concern with 
repeated exposure. 

Triclopyr 
Sensitive Subgroups - Women of child bearing age are thought to be of concern due to 
reproductive and developmental effects found in exposure studies using mammals. Despite 
the lack of epidemiological evidence, there is a certain level of uncertainty, regarding the 
possibility of triclopyr causing adverse reproductive effects. Current evidence suggests, 
however, that toxicity to a fetus would only occur at doses that also caused frank signs of 
maternal toxicity. Despite the years triclopyr has been used, this chemical has never been 
implicated in causing frank signals of toxicity in male or female humans. Individuals with 
kidney disease may also be at greater susceptibility to adverse effects, since the kidneys are 
the target organ for triclopyr. 

Connected Actions - Connected actions of triclopyr are associated with exposure to the 
triclopyr metabolite 3,5,6-trichloro-2-pyridinol (TCP). The Forest Service and U.S. EPA risk 
assessments consider all exposures to this compound as below the level of concern, 
although the Agency does not consider all oral exposures assessed in the Forest Service risk 
assessments. Like many herbicides, adjuvants are commonly used with triclopyr and some 
may be hazardous. 

Cumulative Effects - The cumulative effects associated with triclopyr may include those 
associated with any additive effects that could potentially result from mixing of triclopyr 
with other chemicals, as well as effects resulting from repeated exposures. The additive 
effects associated with mixing particular adjuvants with triclopyr are beyond the scope of 
the USDA/FS risk assessments. It should be noted, however, that triclopyr is a weak-acid 
auxin herbicide, and thus, when mixed with other similar weak acids that function by the 
same mechanisms, such as clopyralid, additive risks would result. Repeated exposure is a 
cumulative effect accounted for by the use of chronic exposure information in each Forest 
Service risk assessment. 

5.17.9.2   Ecological Effects 
Implementation of chemical treatments could in some cases result in adverse effects to 

non-target biological resources, particularly under marginally plausible, worst-case scenarios at 
chemical application rates higher than are likely to be used in the Proposed Program and 
Alternatives. Potential adverse effects are highly dependent on the lifeform, the toxicity of a 
specific chemical to that lifeform, the exposure of individuals to that chemical, the dose to which 
individuals are exposed, and the interaction of environmental factors that are not always fully 
understood. 

Herbicides that will potentially be used in the Proposed Program and Alternatives will most 
likely be applied either by backpack or boom spray. It is likely that during application some 
portion of the herbicides will enter the air and drift off-site. The amount and distance of spray 
drift is dependent on a number of factors, including droplet size, wind speed, air temperature, 
humidity, inversion layer, the chemical formulation and tank mix, type of spray equipment and 
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application method, height of spray equipment above the ground, and the area treated. It is also 
possible that a portion of the herbicides will volatilize from the surfaces on which they land and 
will adversely affect air quality, although this was not identified as a risk for the herbicides 
analyzed in this PEIR. The amount of volatilization is dependent primarily on the chemical 
formulation and tank mix, air temperature, humidity, and wind velocity. Borax is unlikely to 
affect air quality as it is not volatile, will be applied directly to fresh stumps that are moist (the 
chemical will likely adhere to the stump), will be applied in a manner (“salt shaker”) that will 
minimize off-site movement of powder in the air, and will be applied in forested areas where 
wind speeds tend to be minimal. 

Since site-specific factors at the project level cannot be predicted, the amount of drift 
and/or volatilization of herbicides and the absolute effect on air quality cannot be quantified. 
However, an attempt was made to model spray drift in the 2012 Worksheets that accompany 
the risk assessments for each chemical, for both backpack and broadcast applications. Adverse 
effects to off-site, non-target plants were specifically related to the chemical and method of 
application and were by far most likely to occur in sensitive terrestrial plant species. The limits of 
modeled adverse effects for broadcast sprays varied from 100 feet away from the treatment site 
for 2,4-D to >900 feet for sulfometuron methyl. Distances for backpack applications were 
substantially less. Adverse effects to tolerant plant species were rarely shown off-site, and then 
only within 25 feet of the treatment site. The most appropriate use of this information is to 
assess the relative toxicity of chemicals and the effect of the application method, as the amount 
of chemical drift is largely a function of wind speed, spray droplet size, and height of the spray 
from the vegetation being sprayed. 

Chemicals will potentially be used in the Proposed Program and Alternatives only to treat 
terrestrial vegetation, so direct contamination of water resulting from normal use is unlikely. 
However, it is possible that chemicals will at times be used near Class I or II waterbodies and 
probable that they will be used near Class III watercourses. Inadvertent contamination of 
waterbodies or watercourses could occur. Direct spill, drift of spray, or runoff are the most likely 
routes for levels of chemical contamination of water that might cause adverse effects in aquatic 
organisms. 

Other than for off-site drift of spray, the possibility of chemicals moving offsite into 
waterbodies is variable and dependent upon chemical properties (persistence, solubility in water, 
volatility, adsorption potential to soil) and environmental factors (soil texture, rainfall amount 
and timing, wind speed and topography, depth to water table, distance to waterbodies). As soil 
texture and rainfall amount and timing are highly variable across and within bioregions, both the 
primary routes of chemical transport (runoff, leaching, wind drift of soil, volatilization) and the 
mobility of chemicals will vary. Transport by runoff will be most likely on fine-textured soils 
(clay) and leaching most likely on coarse textured soils (sand) in bioregions with heavy rainfall 
events occurring shortly after chemical treatments. Wind erosion and volatilization will be most 
likely in drier, hotter bioregions with strong winds and topography that channels winds. 

Although it is possible that chemical treatments will result in some portion of the 
herbicides, surfactants, or borax entering waterbodies, dilution and photolysis would generally 
rapidly minimize the chance of an organism receiving a high enough dose to cause adverse 
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effects. Possible exceptions to this would be in shallow ponds, vernal pools, or narrow, shallow, 
and/or slow-moving streams, where dilution would either be less or at a slower rate. Sensitive 
aquatic macrophytes are likely to experience adverse effects, especially from spills of relatively 
large quantities of chemical. Borax is unlikely to move offsite into water and is nontoxic to 
humans and practically non-toxic to aquatic lifeforms, so will not affect water quality under 
normal use conditions. 

Direct adverse effects are probable within treatment areas to non-target terrestrial plants 
that are sensitive to the specific chemicals applied. All of the herbicides are effective toward 
sensitive plants. Sulfometuron methyl in particular is known to be highly toxic to a wide variety 
of plants. In general, tolerant species will be unaffected or only slightly affected by herbicide 
treatments. Off-site effects are possible if chemicals move from treatment areas in sufficient 
quantities to adversely affect non-target plants. Off-site drift from broadcast spray can transport 
sufficient quantities of herbicides (especially glyphosate, imazapyr, and sulfometuron methyl) to 
adversely affect sensitive species over 900 feet from the application site. Backpack spray, 
however, will result in substantially lower concentrations of herbicides and for most herbicides 
will not result in off-site effects, even in sensitive species. 

Direct adverse effects are plausible within treatment areas to non-target terrestrial 
lifeforms that are susceptible to the specific chemicals applied. However, with the exception of 
2,4-D, which is slightly to moderately toxic to mammals and practically non-toxic to moderately 
toxic to birds, the chemicals analyzed and likely to be applied under the Proposed Program and 
Alternatives are only slightly toxic to practically non-toxic to terrestrial organisms. Toxicity 
ranges are due to variable toxicities to different species in the same class. For example, dogs 
have an impaired ability to excrete weak acids so are more susceptible to toxic effects from 
herbicides and large mammals may be at greater risk from triclopyr than small mammals. Effects 
to reptiles are largely unknown, as no toxicity testing was available on this class of animal. 

Direct adverse effects are also plausible within treatment areas to non-target aquatic 
lifeforms that are susceptible to the specific chemicals applied. However, with the exception of 
2,4-D EHE, glyphosate formulations containing POEA, and triclopyr BEE, which are likely to 
adversely affect sensitive aquatic species, the chemicals analyzed and likely to be applied under 
the Proposed Program and Alternatives are only slightly toxic to practically nontoxic to aquatic 
organisms. Although amphibians appear to be particularly at risk, little to no toxicity data exists 
for this class of animal, especially for adult amphibians, for most of the chemicals analyzed. 

Chemical treatments under the Proposed Program and Alternatives have the potential to 
adversely affect individuals or populations of special status species. Direct adverse effects are 
probable within treatment areas to plants that are susceptible to the specific chemicals applied. 
Sulfometuron methyl in particular is known to be highly toxic to a wide variety of plants. In 
general, tolerant species will be unaffected or only slightly affected by herbicide treatments. 
Off-site effects are possible if chemicals move from treatment areas in sufficient quantities to 
adversely affect non-target, sensitive plants. 

Direct adverse effects are possible from specific chemicals to special status terrestrial 
lifeforms that are susceptible to the specific chemicals applied. However, with the exception of 
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2,4-D, which is slightly to moderately toxic to mammals and practically non-toxic to moderately 
toxic to birds, the chemicals analyzed and likely to be applied under the Proposed Program and 
Alternatives are only slightly toxic to practically non-toxic to terrestrial organisms. Toxicity 
ranges are due to variable toxicities to different species in the same class. Effects to reptiles are 
largely unknown as no toxicity testing was available on this class of animal. 

Direct adverse effects are also probable within treatment areas to special status aquatic 
lifeforms that are susceptible to the specific chemicals applied. However, with the exception of 
2,4-D EHE, glyphosate formulations containing POEA, and triclopyr BEE, which are likely to 
adversely affect sensitive aquatic species, the chemicals analyzed and likely to be applied under 
the Proposed Program and Alternatives are only slightly toxic to practically nontoxic to aquatic 
organisms. Although amphibians appear to be particularly at risk, little or no toxicity data exists 
for this class of animal for most of the chemicals analyzed.  

Indirect effects from changes in plant species composition, cover, and/or population size, 
are likely to affect habitat for both plant and non-plant special status species, either adversely or 
beneficially, depending upon the species and site-specific conditions that cannot be determined 
at the PEIR scale. 

Since site-specific factors at the project level cannot be predicted, the amount of drift and/or 
volatilization of herbicides and the absolute effect on air quality cannot be quantified. What can 
be predicted is that the more volatile herbicide formulations, the esters (2,4-D EHE and triclopyr 
BEE) and the Velpar L® formulation of hexazinone, will be more likely to volatilize, move off-site 
in the air, and temporarily affect air quality. This will be more likely in bioregions where volatile 
formulations are most used (North Coast, Modoc, and Sierra), in the vegetation lifeforms in 
which they are most used (Conifer Forest and Conifer Woodland), and where air temperatures 
and wind velocities are higher and humidities are lower during typical herbicide spray seasons. 

Historically the main forestland applications of the most volatile herbicides (2,4-D EHE, 
triclopyr BEE, and the Velpar L® formulation of hexazinone) has been for site preparation for 
planting and for release of tree seedlings from vegetative competition. These uses would be 
limited to practices funded through CFIP, so the acreage treated would be relatively small. In 
2010, 2,4-D EHE comprised about 3% of the total forestland acreage treated by the chemicals 
analyzed in this PEIR, triclopyr BEE comprised a little over 4%, and hexazinone (formulations 
unspecified) comprised a little over 14%. If herbicide treatments in the Proposed Program and 
Alternatives follow historical patterns, herbicides suited for forest management would 
potentially be used primarily in conifer forests in the North Coast, Modoc, and Sierra bioregions. 

For rangeland applications of the most volatile herbicides, 2,4-D EHE has been among the 
top ten chemicals used between 2000 and 2010, although in 2010 it was applied to less than 1% 
of the total rangeland acreage treated by the chemicals analyzed in this PEIR. Triclopyr BEE has 
been in the top ten for all years and is used more than 2,4-D EHE. It was applied to about 19% of 
the rangeland acreage treated in 2010. If herbicide treatments on rangelands in the Proposed 
Program follow historical patterns, these herbicides would potentially be used primarily in 
grasslands in the Sacramento Valley bioregion, grasslands and shrublands in Sierra and Central 
Coast bioregions, and shrublands in the South Coast bioregion. 
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5.17.9.3   Summary 
Table 5.17.45 summarizes the effects on human health and the environment from 

implementing herbicide treatments under the Proposed Program. Adverse effects are those effects 
which degrade the diversity, structure, size, integrity, abundance or number of, or are outside the 
natural range of variability for the resource at issue. Beneficial effects are those effects that improve 
the diversity, structure, size, integrity, abundance or number of, or are within the natural range of 
variability for the resource at issue. Significant adverse (SA) effects are those effects that are 
substantial, highly noticeable at the watershed scale, and often irreversible. Moderately adverse 
(MA) or moderately beneficial (MB) effects are those effects that can be detected beyond the 
affected area, but are transitory and usually reversible. Negligible adverse (NA) or negligible 
beneficial (NB) effects are those effects that are imperceptible or undetectable. 

Table 5.17.45 
Summary of Effects 1/ on Human Health and the Environment from Implementing Herbicide 
Treatments in the Proposed Program 

Bioregion Human Mammals Birds Amphibians Fish Invertebrates 
Non-

Target 
Plants 

Noxious 
Weeds 

Klamath/North 
Coast NA NA NA NA NA NA NA NA 

Modoc NA NA NA NA NA NA NA NA 
Sacramento 
Valley NA NA NA NA NA NA NA NA 
Sierra NA NA NA NA NA NA NA NA 
Bay Area NA NA NA NA NA NA NA NA 
San Joaquin NA NA NA NA NA NA NA NA 
Central Coast NA NA NA NA NA NA NA NA 
Mojave NA NA NA NA NA NA NA NA 
South Coast NA NA NA NA NA NA NA NA 
Colorado 
Desert NA NA NA NA NA NA NA NA 

1/ Key to effects; adverse effects are those effects which degrade the diversity, structure, size, integrity, abundance or number of, 
or are outside the natural range of variability for the resource at issue. Beneficial effects are those effects that improve the 
diversity, structure, size, integrity, abundance or number of, or are within the natural range of variability for the resource at issue. 
SA/SB – significant adverse effects - those effects that are substantial, highly noticeable, at the watershed scale; and often 
irreversible. MA/MB - moderately adverse or beneficial effects - those effects that can be detected beyond the affected area, but 
are transitory and usually reversible. NA/NB - negligible adverse or beneficial effects - those effects that are imperceptible or 
undetectable. 
 

To reiterate, absolute safety cannot be proven, and the absence of risk can never be 
demonstrated. No chemical has been studied for all possible effects, and the use of data from 
laboratory animals to estimate hazard to humans involves uncertainty. However, the following 
findings from the risk assessment in Section 5.17 and from a review of applicable literature lead to a 
finding of less than significant for the uses of the analyzed herbicides, borax, and NP9E: 

1. Herbicides target biochemical pathways unique to plants. 
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2. Herbicides used in forest and range management, at normal application rates, are generally 
very low in toxicity to humans and sentient lifeforms and are significantly less toxic than 
most insecticides and other chemicals commonly found in the home and environment. 

3. Herbicides used in forest and range management do not bioaccumulate and are quickly 
eliminated from animal tissue. 

4. Most herbicides used in forest and range management biodegrade relatively rapidly after 
field application, so do not persist in the environment for long periods of time. 

5. Relatively small amounts of herbicides are used on a very small percentage of forested land, 
a maximum of 1-3 applications over a 50- to 80-year period, as compared to agricultural 
herbicides that are used 1-2 times per year on crops. 

6. Surfactants used in forestry and range herbicides are typically of low toxicity to terrestrial 
organisms, although they are sometimes of greater toxicity to aquatic organisms. 

7. If herbicides are properly used, current research indicates that the negative effects on 
wildlife are usually short term and that herbicides can be used to meet wildlife habitat 
objectives. 

8. Borax is a form of boron, which is ubiquitous in soils and is commonly used in household 
products. 

9. Potential public health risks from using herbicides and borax are generally negligible and are 
generally less risky than their alternatives. 

5.17.10   Significance Determination 
Chemical treatments of vegetation under the Proposed Program and Alternatives will not cause 

high magnitude, persistent, or permanent changes to biological resources protected by local, State, 
or Federal protection plans, policies, and regulations (the threshold of significance) at the temporal 
and spatial scale of use. Under normal conditions there will be negligible adverse effects to 
biological resources. However, implementation of chemical treatments could in some cases result 
locally in a substantial adverse effect to non-target biological resources, particularly under 
marginally plausible, worst-case scenarios at chemical application rates higher than are likely to be 
used in the Proposed Program and Alternatives. Implementation of Mitigation Measures 5.17.11-1 
and 5.17.11-4 to 5.17.11-12 will reduce this effect to a less than significant impact to biological 
resources. 

Chemical treatments of vegetation under the Proposed Program and Alternatives will not cause 
high magnitude, persistent, or permanent changes in the population size, distribution, viability, or 
recovery potential of a special status species (the threshold of significance) at the temporal and 
spatial scale of use. Under normal conditions there will be negligible adverse effects to special 
status species. However, implementation of chemical treatments could in some cases result locally 
in a significant direct adverse effect to special status species that are susceptible to the specific 
chemicals applied. Indirect effects from changes in plant species composition, cover, and/or 
population size, could adversely affect habitat for special status species. Implementation of 
Mitigation Measures 5.17.11-1 and 5.17.11-4 to 5.17.11-12 will reduce this effect to a less than 
significant impact to special status species. 
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Chemical treatments of vegetation under the Proposed Program and Alternatives will not cause 
high magnitude, persistent, or permanent changes in water quality that is above the limits 
established by Regional Water Quality Control Boards (the threshold of significance) at the temporal 
and spatial scale of use. Under normal conditions there will be negligible adverse effects to water 
quality. However, implementation of chemical treatments could in some cases result locally in a 
significant direct adverse effect to waterbodies from chemicals moving from the treatment site or 
from accidental spills. Implementation of Mitigation Measures 5.17.11-1 and 5.17.11-4 to 5.17.11-
10 will reduce this effect to a less than significant impact to water quality. 

Chemical treatments of vegetation under the Proposed Program and Alternatives will not cause 
high magnitude, persistent, or permanent changes in air quality that is above the limits established 
by Air Quality Management Districts or Air Pollution Control Districts (the threshold of significance) 
at the temporal and spatial scale of use. Under normal conditions there will be negligible adverse 
effects to air quality. However, implementation of chemical treatments could in some cases result 
locally in a significant direct adverse effect to air quality from chemicals drifting and/or volatilizing 
from the treatment site. Implementation of Mitigation Measure 5.17.11-1 will reduce this effect to 
a less than significant impact to air quality. 

Chemical treatments of vegetation under the Proposed Program and Alternatives will not cause 
high magnitude, persistent, or permanent changes to public health or safety of sensitive 
subpopulations (e.g., hospitals, schools, and workers associated with the implementation of 
chemical treatment measures) through the routine use or disposal of borax or herbicides, adjuvants, 
and diluents (the threshold of significance) at the temporal and spatial scale of use. Under normal 
conditions there will be negligible adverse effects to public health or safety of sensitive 
subpopulations. However, implementation of chemical treatments could in some cases result in a 
significant direct adverse effect to sensitive individuals from exposure to specific chemicals. 
Implementation of Mitigation Measures 5.17.11-1 to 5.17.11-6 will reduce this effect to a less than 
significant impact to sensitive subpopulations. 

Chemical treatments of vegetation under the Proposed Program and Alternatives will not cause 
high magnitude, persistent, or permanent changes to workers, the public, or the environment, 
through the routine use or disposal of borax and herbicides, adjuvants, and diluents (the threshold 
of significance) at the temporal and spatial scale of use. Under normal conditions there will be 
negligible adverse effects to workers, the public, or the environment. However, implementation of 
chemical treatments could in some cases result in a significant direct adverse effect to workers, the 
public, or the environment from exposure to chemicals by direct spraying, direct contact with 
sprayed vegetation, or consumption of contaminated vegetation, wildlife, or water. Implementation 
of Mitigation Measures 5.17.11-1 to 5.17.11-12 will reduce this effect to a less than significant 
impact to workers, the public, or the environment. 

5.17.11   Mitigation Measures 
In order to minimize the potential for herbicides and borax to affect non-target and/or off-site 

organisms, any or all of the following mitigations measures will be applied at the project level, as 
required by the project manager. These mitigation measures will reduce potentially significant 
effects to effects that are not significant. 
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Mitigation Measure 5.17-1. The maximum chemical application rates specified in the U.S. Forest 
Service and SERA Risk Assessments shall not be exceeded. 

Mitigation Measure 5.17-2. Local Indian tribes shall be consulted to determine areas of culturally 
significant vegetation and appropriate mitigation measures. 

Mitigation Measure 5.17-3. Herbicides shall not be applied within 100 feet of sensitive receptors 
that may be found in residential areas, schools or proposed schools, hospitals, or high-use 
recreation areas, or near crops susceptible to damage from the specific herbicides that are 
applied. 

Mitigation Measure 5.17-4. Herbicides that are known to be highly mobile on coarse-textured 
soils shall not be used if the ground water table is less than 10 feet below the ground surface and 
mean annual precipitation exceeds 12 inches. 

Mitigation Measure 5.17-5. The use of herbicides shall be minimized to the greatest extent 
possible on fine-textured or sandy soils near sensitive areas, such as shallow waterbodies or crops 
susceptible to damage. 

Mitigation Measure 5.17-6. Herbicides shall not be used on steep (50+%) slopes if significant 
rainfall is predicted within 24 hours. 

Mitigation Measure 5.17-7. When spraying to meet non-riparian area land management 
objectives, an untreated buffer of land and vegetation shall be left alongside surface waters, 
wetlands, or riparian areas. Buffer widths shall be established by the CAL FIRE project manager in 
consultation with a CDFG or a wildlife biologist, Certified Pesticide Applicator, and/or county 
agricultural commissioner, as needed. Buffer widths for herbicides not labeled for aquatic use 
shall be a minimum of 25 feet for vehicle spray applications and 10 feet for hand spray 
applications. 

Mitigation Measure 5.17-8. When spraying to meet riparian area land management objectives, 
localized buffers shall be established around non-target species and chemicals shall only be 
applied by hand methods. Buffer widths shall be established by the CAL FIRE project manager in 
consultation with a CDFG or a wildlife biologist, Certified Pesticide Applicator, and/or county 
agricultural commissioner, as needed. Buffer widths for herbicides not labeled for aquatic use 
shall be a minimum of 10 feet from water bodies. 

Mitigation Measure 5.17-9. Treatments near fish-bearing streams shall be minimized to the 
greatest extent possible during periods when fish and amphibians are in early life stages that are 
most sensitive to herbicides. Use non- or low-toxic surfactants and avoid using herbicide 
formulations that contain POEA-based surfactants. 

Mitigation Measure 5.17-10. Treatments near wetlands and in riparian areas where there are 
amphibians shall be minimized to the greatest extent possible, especially during periods when 
amphibians are in early life stages that are most sensitive to herbicides. Use non- or low-toxic 
surfactants and avoid using herbicide formulations that contain POEA-based surfactants if possible. 

Mitigation Measure 5.17-11. Treatments during bird nesting periods and other times shall be 
minimized to the greatest extent possible when birds and other wildlife are in stages of 
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development that make them most sensitive to herbicides. Herbicide formulations that are least 
toxic to avian species and other wildlife shall be used. 

Mitigation Measure 5.17-12. Following herbicide treatments, treated areas shall be re-vegetated, 
preferably with native species, if there is no reasonable expectation of natural regeneration. This 
is especially important if invasive, non-native species are found in abundance in the vicinity of 
treated areas. 
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5.18 Significant Effects That Cannot be Avoided (CCR 15126.2(b)) 

Air Quality 

Implementation of the Proposed Program and Alternatives could result in significant and 
unavoidable impacts to air quality because five of the six criteria pollutants could exceed 
California’s Ambient Air Quality Standards.   

Biological Resources 

The Proposed Program, and Alternatives 1 through 4 could create significant unavoidable 
short-term impacts to the following special status species: valley elderberry longhorn beetle, 
California tiger salamander, San Joaquin kit fox, California red-legged frog, blunt-nosed leopard 
lizard, Nelson’s Antelope Squirrel, giant kangaroo rat, Smith’s blue [butterfly], black legless 
lizard, Belding’s orange-throated whiptail, and the San Diego cactus wren.   

There could be significant unavoidable consequences to several desert shrub habitats due 
to the potential for invasive species to “take over” the following desert plant communities: 
sagebrush, low sage, bitterbrush and pinyon-juniper vegetation types.   

There could also be significant unavoidable impacts to oak regeneration in oak woodland 
types in the Sacramento and San Joaquin Valley bioregions as most treatment types have 
detrimental impacts on oak seedling and sapling vegetation. 

Noise 

Implementation of the Proposed Program and Alternatives could have significant and 
unavoidable short-term impacts to schools, churches, hospitals and other sensitive receptor 
sites due to noise generated by heavy equipment and chainsaws. These impacts are short lived. 
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5.19 Significant Irreversible Environmental Changes (CCR 15126.2(c)) 
For some projects, the environmental impacts caused by implementing the project may 

result in the irreversible or irretrievable commitment of environmental resources (CCR 
§15126.2c). EIR’s are required by CEQA to describe any significant irreversible environmental 
changes that would result from the proposed action.   

Implementation of the Proposed Program and the Alternatives could create significant 
irreversible environmental changes to special status species:  valley elderberry longhorn beetle, 
blunt-nosed leopard lizard, Nelson’s Antelope Squirrel, giant kangaroo rat, Smith’s blue 
[butterfly], black legless lizard, Belding’s orange-throated whiptail, and the San Diego cactus 
wren. The potential impacts are considered irreversible because these species are in such an 
endangered/threatened condition, that loss of habitat from program implementation could 
result in extinction.  
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5.20 Growth Inducing Impacts (CCR 15126.2(d)) 
Certain projects, such as freeway interchanges, housing developments, wastewater treatment 

plants, etc., clearly result in secondary growth inducing impacts that must be analyzed. This section 
provides limited discussion regarding the absence of growth inducing factors associated with 
adoption of the Proposed Program or the Alternatives. The Proposed Program will not have any 
growth-inducing impacts because it will not foster growth or result in new housing or construction 
of facilities. Based on the above discussion, no reasonably foreseeable growth inducing impacts 
have been identified that would result from implementation of the Proposed Program or the 
Alternatives to the Program.  
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Chapter 6  Cumulative Effects Analysis 

This section evaluates the potential for cumulative effects as a result of implementing the 
Vegetation Treatment Program (VTP) or any of the program alternatives. The environmental setting for 
cumulative effects is described for each resource topic in Chapter 4. Combined with the impact 
evaluation in Chapter 5, these two chapters provide the foundation for the evaluation of potential 
cumulative effects. 

6.0 Introduction 
Defining the scope of a cumulative impact analysis is challenging, particularly for a statewide 

program, such as the VTP. Because the VTP is a statewide program, it can be argued that a large range 
of non-VTP projects, programs, and activities that occur throughout the state should be incorporated 
into the cumulative analysis of VTP because they affect resource conditions on a statewide basis. As 
examples, the resources of the state that are affected by the VTP (e.g., air and water quality, fish and 
wildlife population, public safety) are all affected by a wide range of non-VTP programs and actions 
including regulation of pollution control, water quality, timber harvest; city and county land use 
decisions; land management policies, plans, and on-the-ground projects; funding of resource 
protection and fire suppression activities, human population growth, and a host of other actions. The 
relevance of these other actions and the magnitude of their effects, relative to potential effects of the 
VTP, vary widely. Of these non-VTP activities, population growth in California, and the development 
patterns that result from it, may have the greatest affect on the condition of Forest and Rangelands 
(see Chapter 4, Population and Housing). 

The strategy for defining an appropriate range of actions and conditions for the VTP cumulative 
analysis requires consideration of baseline conditions and projection of reasonably foreseeable related 
future actions. Recognizing that a broad range of activities can affect vegetation conditions, the VTP 
cumulative effects analysis has attempted to focus on those existing conditions and related programs 
that are similar to, or have similar effects as, the VTP.  

The related programs considered for the VTP analysis for cumulative effects analysis for most 
resource programs includes: 

• Vegetation and fuels treatment programs undertaken by federal land management 
agencies and other jurisdictions outside of the VTP 

• Regulated timber harvest on state and private lands 
• Timber harvest and other land management activities on federal lands 

Certain other programs and actions related to certain resource conditions are included within the 
cumulative analysis for those resources, including: 

• Water Quality: Regulatory programs governing water quality of the U.S. EPA and 
Regional Water Quality Control Boards 

• Air Quality: California Air Resources Board 
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The cumulative effects (CE) analysis for the VTP Program EIR assesses effects at the program level. 
The following cumulative effects analysis evaluates the potential for positive and negative cumulative 
effects from the Proposed Program through direct and indirect effects on the individual resources 
discussed in Chapters 4 (Regional Setting) and 5 (Environmental Impact Analysis and Mitigation). It is 
possible for cumulative effects to occur locally, but not be detected at the broader spatial scales, and 
some local and regional effects will need to be addressed at the project level. Hence analysis at the 
project level will be conducted through the use of a checklist to be used as part of the environmental 
analysis for each VTP project. The programmatic CE analysis assumes project level environmental 
analysis, including CE analysis, for each VTP project. 

In this chapter we address the cumulative effects by the resource topics presented in Chapter 5. 
We include additional information that is relevant specifically to cumulative effects to synthesize and 
clarify, rather than repeat in detail, information that is found in other parts of this EIR. Therefore, the 
following discussion of cumulative effects relies in part on the more detailed descriptions that are 
included in other sections of this EIR. References are provided to lead the reader to appropriate 
sections in the EIR and to other materials supporting points that are not described elsewhere in the 
EIR. For resource areas that were identified as areas of substantial public concern during the scoping 
process and for areas that were identified of substantial concern during the EIR analysis process, 
greater amounts of assessment and summary of information presented earlier are provided here. For 
resource areas of lesser concern, the presentation is briefer and simply refers to earlier sections that 
address cumulative effects issues. 

The resource topic areas for which cumulative effects are specifically considered here include the 
categories of Watershed (with subcategories of Stream Flow Effects, Water Quality Effects [Sediment, 
Water Temperature, and Nutrient Effects]), Wildland Fire Risks, Hazardous Materials, Soil Productivity, 
Biological Resources (with subcategories of Aquatic Resources, Wildlife Resources and Botanical 
Resources), Recreation, Aesthetics, Noise, Transportation and Traffic, Air Quality, and Cultural 
Resources. The environmental setting for each resource topic is discussed in Chapter 4 and provides 
the context or baseline condition for evaluating cumulative effects. 

6.1 Regulatory Framework 
The CEQA Guidelines require that an EIR provide a discussion of cumulative effects, which is a 

change in the environment that results from adding the effect of the project to those effects of closely-
related past, present and probable future projects. CEQA guidelines define cumulative effects as two or 
more individual effects which, when considered together, are considerable or which compound or 
increase other environmental effects (CEQA Guidelines § 15355). The effects may be changes resulting 
from a single project or a number of separate projects. The cumulative impact from several projects is 
the change in the environment that results from the incremental impact of the project when added to 
other closely related past, present, and reasonably foreseeable probable future projects. Cumulative 
effects can result from individually minor but collectively significant effects (CEQA Guidelines § 15355). 
In a CEQA evaluation, the proposed action must be considered with the combined effects of the 
cumulative actions in a single analysis. The effects from multiple projects may be additive or 
synergistic.  
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Regulatory and Planning Framework on Federal Lands 

Through the implementation of the National Fire Plan and the Healthy Forests Restoration Act of 
2003, federal agencies have been instructed to take more aggressive actions to reduce the risks of 
severe and catastrophic wildfire on public lands. Their goals and objectives are largely consistent with 
state Vegetation Treatment Program: to manage vegetation in a manner that reduces the threat of 
severe to catastrophic wildfire; to improve vegetation and habitat conditions for domestic animals and 
wildlife; and to improve fire protection for local communities. In addition to the above, the intent of 
these vegetation management activities is to help restore native vegetation to more natural fire 
regimes (i.e., more frequent low-intensity fires) and vegetative structural conditions closer to that 
which existed prior to large-scale settlement by Euro-Americans, (approximately pre-1850). 

Vegetation management under federal agencies (e.g., BLM, NPS, and Forest Service) represents a 
similar set of actions as those proposed under the VTP. The recently completed EIS on BLM’s revised 
Vegetation Treatment Program covers 17 western states, including the agency’s holdings in California. 
In watersheds with both private and public lands, actions by federal agencies may occur near projects 
of the VTP. 

In addition, other forms of vegetation management will also occur in these same watersheds from 
activities related to commercial timber production and livestock grazing, both on public and private 
lands. Pre-commercial thinning, selective harvesting, even-age management and other related actions 
all result in alterations of the natural vegetation and have bearing on the program’s cumulative effects 
and the watershed’s wildfire hazard, wildlife habitat and other resource issues. 

Framework for Evaluating Cumulative Effects 

The main goals of the California Statewide Vegetation Treatment Program (VTP), as described in 
Chapter 1, are to 1) lower the risk of catastrophic wildfires on nonfederal lands by reducing hazardous 
fuels (i.e., vegetation); 2) control unwanted vegetation, often noxious invasive weeds; 3) improve 
rangeland, and fish and wildlife habitat; and 4) protect riparian areas and wetlands. The focus of the 
cumulative effects analysis is the collective action of individual projects under the VTP when combined 
with related activities (timber harvest) on private lands and similar projects on federal lands. 

Fuel reduction projects are conducted to reduce the threat of catastrophic wildfires. There is 
substantial evidence that after decades of effective fire suppression, many of California’s forests have 
high accumulations of fuels and a dense forest stand structures that greatly increase the risk of high 
severity fires (see Section 4.2 Wildfire Trends). To address this risk, both state and federal agencies are 
increasing the number of fuel reduction projects with the objective of reducing the frequency of high 
severity wildfires. There are many different methods for fuel reduction, as described in the alternatives 
(Chapter 3), but the two most common methods are prescribed fire and mechanical removal of 
vegetation. Fuel reduction projects represent a relatively low intensity of disturbance, but to be 
effective in most cases will require repeated treatments into perpetuity (Ryan, 2006).  

Temporal and Spatial Domain 

The return interval needed for repeating vegetation treatment can vary from several years to 
several decades, depending on the vegetation type being treated (grassland, shrub, and forest), site 
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conditions, and the pre-1850 mean fire return interval for the region. For example, in Sequoia-mixed 
conifer stands after 10 years the fuel load returned to about 83% of pre-burn levels (Stephens, 2006). 
The analysis period for the cumulative effects analysis covers a minimum of 10 years of prior 
management activity going back to 1997, and extends the planning horizon an additional 10 years to 
2016.  

The spatial domain for the VTP program is limited to State Responsibility Area (SRA) and Direct 
Protection Area (DPA) lands as described in the project description. In addition, the cumulative effects 
analysis considers effects from similar projects on federal lands. For cumulative watershed effects, the 
analysis considers any CALWATER planning watersheds with 2% or more SRA land (i.e., where CAL FIRE 
has jurisdiction). 

6.2 Past, Present, and Future Projects 
The CEQA Guidelines describes the “list” method of addressing cumulative effects wherein the 

assessment must include a listing of all relevant past, present, and reasonably probable foreseeable 
future projects. Under CEQA (21083) a project’s incremental effect must be viewed in combination 
with the effects of other relevant past, present, and reasonably foreseeable future projects. These 
project categories are presented below.  

Table 6.2.1 provides a summary of vegetation management for CAL FIRE and federal agencies 
(National Park Service, US Forest Service, Bureau of Land Management, US Fish and Wildlife Service). 
Other agencies, local government, water districts, conservancies and actions by private landowner 
(outside of the VTP program) are also likely to conduct fuel reduction projects. However, this 
information is not available on a statewide basis and likely represents a minor contribution to the 
overall acreage treated and is not included here. Instead, as part of the project level checklist (see 
Chapter 8) each project will identify any known vegetation management projects that have recently 
occurred in the immediate planning watershed(s) for the proposed project. 
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Table 6.2.1  
Average Annual Summary of Past Projects and Percentage of Disturbed Acres 

Bioregion 

Federal 
Fuel 

Reduction 
Projects 

  

Timber 
Harvest All 

Lands 
 

CFIP 
Projects  

Past VTP 
Projects  

Wildfire* 
 

Sum of 
Current 

Disturbed 
Acres  

Vegetation 
Acres 

Treatable 

Percent 
Current 
Acres 

Disturbed  

Bay Delta 1,278 3,124 128 763 15,119 13,779 2,890,535 0.48 
Central Coast 5,845 0 9 3,425 106,578 16,293 7,048,246 0.23 
Colorado 

 
199 0 0 0 5,220 199 2,007,618 0.01 

Modoc 23,690 26,266 113 175 109,649 52,063 4,827,095 1.08 
Mojave 7,469 204 8 447 24,587 30,881 15,908,556 0.19 
North Coast 38,349 58,673 260 355 27,719 105,099 11,386,915 0.92 
Sacramento 

 
20,773 0 71 3,034 6,357 59,843 6,393,568 0.94 

San Joaquin 
 

23,870 0 32 1,407 4,317 41,886 10,286,261 0.41 
Sierra 58,945 64,502 986 1,123 104,279 139,276 15,668,458 0.89 
South Coast 10,738 12 14 719 189,151 54,486 3,859,173 1.41 
Total 191,156 152,781 1,620 11,448 592,977 513,806 80,276,423 0.64 

* Wildfire acres based on data from 2001 – 2010. 

6.2.1 Past Projects 

The following section considers past projects that were funded by CAL FIRE for vegetation 
management and to the extent possible provides a summary of similar vegetation management 
projects that are being implemented on public lands in California by federal agencies. The categories of 
actions considered include: vegetation management, commercial timber harvesting and related 
activities, wildfire, and development. CEQA guidelines do not state a timeframe for listing past 
projects. For CAL FIRE funded projects this report documents projects within the last 10 years. 

The Vegetation Management Program (VMP) is a cost-sharing program that focuses on the use of 
prescribed fire, and mechanical means, for mitigating wildland fire fuel hazards and other resource 
management issues on State Responsibility Area (SRA) lands. Implementation of VMP projects is by 
CAL FIRE units (Table 6.2.2). The projects fit within a unit's priority areas (e.g., those identified through 
the Fire Plan) and are considered to be of most value to the unit are those that will be completed. 
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Table 6.2.2  
Acreage of VMP Projects per Year Listed by CAL FIRE Units 
BIOREGION 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
BAY / DELTA  930 2,097  807 960 1,295 2,011 3,001 216 2,839 

CENTRAL 
COAST 1,573 4,385 2,562 1,521  4,412 1,617 573 2,949 3,275 487 

COLORADO 
DESERT  423    25    96  

KLAMATH / 
NORTH COAST 873 673 771 487 335 188 765 416 29  474 
MODOC  62 17 979  33 39    20 

SACRAMENTO 
VALLEY   857 1,259  2,994 2,102 1,776 755  1,349 

SAN JOAQUIN 
VALLEY    677        
SIERRA 6,232 2,199 3,449 53 1,123 509 928 1,105 464 357 269 
SOUTH COAST 1,275 273  3,342 118 1,090 326 556 828 385 2,986 
Grand Total 9,953 8,945 9,754 8,319 2,382 10,210 7,072 6,437 8,025 4,329 8,424 

CAL FIRE also funds projects under the California Forest Improvement Program (CFIP). These 
projects can involve a range of activities that includes: tree planting, tree shelters, commercial 
thinning, pruning, release, site preparation, development of management plan, and land conservation 
activities for improving fish and wildlife habitat. For the purpose of analysis, only activities that can 
cause site disturbance (thinning, site preparation, and slash removal) were recorded in Table 6.2.3. The 
data report list projects from 2001 to 2010. CFIP projects are most heavily concentrated in the Sierra, 
Sacramento Valley, and North Coast bioregions. The projects tend to be small in size, averaging about 
41 acres over the past 10 years. The largest CFIP project was 270 acres. 

Table 6.2.3  
Acreage of California Forest Improvement Program (CFIP) Projects per Year by Counties 
and Bioregions 

Bioregion 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
BAY/DELTA 62 1,005 1,737 764 5,109 1,195 167 1,706 0 0 
KLAMATH / 
NORTH 
COAST 0 2,572 10,116 3,705 3,606 3,332 507 2,293 5,317 5,306 
MODOC 0 122 4,581 697 2,314 1,051 758 84 0 0 
SIERRA 321 5,359 891 10,201 12,523 2,031 2,193 9,128 1,387 1,387 
SOUTH 
COAST 0 375 292 282 40 50 466 127 0 0 
Statewide 383 9,433 17,617 15,649 23,592 7,659 4,091 13,338 6,704 6,693 

The history of past VMP and other CAL FIRE projects establishes an environmental reference point 
or baseline for the proposed VTP program. On private lands, vegetation management has been limited, 
averaging 30,000 acres treated annually over the past 10 years. The average size of a VTP project is 
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about 260 acres. The projects are focused mostly in the Sierra and Klamath/North Coast bioregions, 
but have not been locally concentrated within watersheds enough to expect significant effects. As a 
result of a relatively low level of vegetation management, the direct negative effects from past projects 
are likely to be minor. However, the low level of vegetation management when combined with fire 
suppression activities has increased the likelihood and risk of more frequent catastrophic wildfires, 
which may be having a long-term significant indirect negative impact on the environment. 

Proposition 40 – Fuels Reduction Program 

The California Clean Water, Clean Air, Safe Neighborhood Parks, and Coastal Protection Act 
(Proposition 40) of 2002, provided funding for CAL FIRE to implement a wildland fuels reduction 
program to reduce the risk of catastrophic wildfires in 15 Sierra Nevada counties: Butte, Plumas, Sierra, 
Yuba, Nevada, Placer, El Dorado, Amador, Alpine, Calaveras, Tuolumne, Madera, Mariposa, Fresno, and 
Tulare. 

Related Past Projects  

The following section describes related projects that are not part of the CAL FIRE’s proposed VTP, 
but may produce similar environmental effects and have the potential when combined with activities 
proposed in the EIR to produce a cumulative effect. 

Federal agencies conduct vegetation management projects on federal lands that are similar in 
purpose to the actions described in the proposed VTP. As the Forest Service and other natural resource 
agencies implement the National Fire Plan (USDA and USDI, 2012), the Healthy Forests Restoration Act 
(GAO, 1999; USDA and USDI, 2003) and the President’s Healthy Forest Initiative (Dombeck et al., 2004; 
Graham et al., 2004; Stephens and Ruth, 2005), a substantial increase in fuel reduction projects and 
related activities has occurred in recent years and is likely to continue in the foreseeable future. 
Federal agencies report fuel treatment projects through NFPORS (National Fire Plan Operations and 
Reporting System). This information has been summarized to report on activities across the major 
Bioregions in California. See the National Fire Plan web site for additional information on federal 
projects: http://www.forestsandrangelands.gov/reports/index.shtml. 

The USFS has provided information on fuel reduction projects in California from 2003 – 2010 
(Table 6.2.4A-B). The information shows that over the past eight years the USFS has implemented fuel 
reduction projects on almost 2,000,000 acres of forest and rangeland, or roughly 235,000 acres on an 
annual basis. About two-thirds of the fuel reduction projects on federal lands used mechanical 
treatments and about one-third used fire.  
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Table 6.2.4A  
Summary of Acres of Fuel Reduction Projects (Treatment - Fire) on Federal Lands, 2003 – 2010 
Source: http://www.forestandrangelands.gov/resources/reports/index.shtml 

Fire All BIA BLM BOR FWS NPS USFS Grand Total 

2003               36               1,757  -          28,414             13,038           50,044  93289 

2004             980               1,893  -          25,175               6,054           48,816             82,918  

2005             214               2,432  -          33,187             17,346           44,064             97,243  

2006             361               4,214  -          26,021             15,688           42,942             89,226  

2007                -                 6,872  -          23,863               9,314           60,830           100,879  

2008                -                 1,729  -          22,735             10,602           36,200             71,266  

2009             210               3,795  55          26,135             13,562           43,615             87,372  

2010               35               2,163  -          25,506             10,050           38,955             76,709  

Grand Total         1,836             24,855  55       211,036             95,654        365,466           698,902  

Annual Avg.          3,106.88  6.88    26,379.50       11,956.75     45,683.25       87,362.75  
 

 
Table 6.2.4B  
Summary of Acres of Fuel Reduction Projects (Treatment - Mechanical) on Federal Lands,  
2003 – 2010 
Source: http://www.forestandrangelands.gov/resources/reports/index.shtml 

Mech All BIA BLM BOR FWS NPS USFS Grand Total 

2003         1,839             12,502         -             11,564               3,635           34,160             63,700  

2004         4,301             10,727         -               8,051               3,098        132,597           158,774  

2005         2,449             21,196         -               2,856               4,793        104,014           135,308  

2006         4,286             12,874         -             83,836               2,475           82,395           185,866  

2007         3,390             14,950         -             11,268               1,874        112,327           143,809  

2008         1,050             21,365         -               2,337               5,309           94,845           124,906  

2009         3,306             13,490         -             50,362               3,852        156,969           227,979  

2010         2,308             12,644         -               1,412               3,709        125,897           145,970  

Grand Total       22,929           119,748         -          171,686             28,745        843,204       1,186,312  

Annual Avg.         2,866             14,969         -             21,461               3,593        105,401           148,289  

Timber Harvesting 

Both commercial timber harvesting and fuel reduction projects result in the removal of vegetation 
cover and introduce some degree of site disturbance. Commercial timber harvesting is considered a 
more intensive form of vegetation management because it can result in complete vegetation removal 
from clear-cutting and other forms of even-aged management. Certain even-aged management 
prescriptions such as clear cutting and associated site preparation can result in nearly complete 
vegetation removal. Timber harvesting that involves thinning or selective harvests result in partial 
canopy removal, generally with less site disturbance, less erosion potential, and a lower potential for 
other water quality effects (Robichaud et al., 2010). Other research based on study sites in Oregon and 
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Montana have shown that observed and predicted erosion rates from timber harvesting or prescribed 
fire were much lower than erosion rates from wild fires (Elliot, 2002). Timber harvesting can increase 
sediment yields from surface erosion, but with revegetation, yields decrease over time at a negative 
exponential rate (National Council for Air and Stream Improvement, 1999). The road network needed 
to support timber management activities has been shown to be a more persistent and chronic source 
of sediment (Luce, 2005; MacDonald, 2010), suggesting that uneven-aged management can result in an 
increase in road use and a higher potential for surface erosion compared to even-aged management. 

Timber harvesting contributes to the environmental background conditions that projects in VTP 
would operate under. Table 6.2.5A and Table 6.2.5B provide a summary of the extent of timber 
harvesting on public and private lands in California. Commercial timber harvesting mostly occurs in the 
Sierra, North Coast, and Modoc bioregions. 

Table 6.2.5A  
Acres of Commercial Timber Harvesting Activities on Private Lands, 2001-2010 

    
BAY / 
DELTA CENTRAL 

KLAMATH / 
NORTH MODOC MOJAVE SIERRA SOUTH TOTAL 

2001 Other 376 0 7,255 40 0 2,392 0 10,064 
  Even-age 53 0 5,746   0 379 0 6,178 
2002 Other 705 0 20,488 4,745 0 4,365 0 30,304 

  Even-age 753 0 15,998 1,288 0 1,122 6 19,167 
2003 Other 856 0 20,022 7,716 0 10,085 0 38,679 

  Even-age 47 0 11,762 2,625 0 2,458 0 16,892 
2004 Other 2,554 0 44,943 40,916 0 15,410 0 103,824 

  Even-age 965 0 25,069 2,336 0 3,832 0 32,202 
2005 Other 1,155 0 55,605 73,349 1,114 29,401 0 160,624 

  Even-age   0 21,265 3,767 0 6,026 0 31,058 
2006 Other 2,723 0 64,768 62,699 0 31,305 0 161,495 

  Even-age 399 0 25,772 8,509 0 12,234 0 46,914 
2007 Other 4,840   82,035 70,269 0 44,186 0 201,330 

  Even-age 504 16 31,100 9,804 0 10,876 0 52,300 
2008 Other 1,476 0 105,473 53,522 0 71,009 0 231,479 

  Even-age 148 0 32,370 14,178 0 10,026 0 56,723 
2009 Other 1,697 0 68,253 49,581 0 54,239 0 173,771 

  Even-age 513 0 30,723 7,491 0 6,298 0 45,025 
2010 Other 2,004 0 24,406 2,277 0 17,196 0 45,883 

  Even-age 253 0 13,184 620 0 3,430 0 17,487 

  
Grand 
Total 22,021 16 706,238 415,734 1,114 336,269 6 1,481,399 
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Table 6.2.5B 
Acres of Commercial Timber Harvesting Activities on Federal and Private Lands, 1995 - 2005 

Bioregion USFS 
Even-Age 

USFS 
Uneven-

Age 

USFS 
Total 

Private 
Even-Age 

Private 
Other 

Private 
Total 

Total Acres 

Bay Delta      31,246 31,246 
North Coast 11,366 138,719 150,085   436,650 586,735 
Modoc 1,936 134,116 136,051   126,617 262,668 
Mojave 0 24 24   2,381 2,405 
Sierra 50,553 341,632 392,185   252,839 645,024 
South Coast 0 119 119   0 119 
Total Acres 63,854 633,054 678,463   849,732 1,528,195 

Wildfire 

High severity wildfires represent one of the greatest forms of disturbance for a watershed. For 
example, the removal of vegetation, organic material, and changes to soil properties can greatly alter 
water infiltration rate (Martin, 2001; Neary et al., 2005). Studies have shown that severe wildfires in 
chaparral areas in southern California can produce water repellent soils (DeBano, 1981). Extensive and 
severe wildfires, such as those experienced in southern California watersheds in 2003, can dramatically 
alter the timing and distribution of sediment and water post-fire (CAL FIRE, 2003). 

Section 4.2 (Wildfire Trends) describes the environmental conditions for wildfires across the state. 
An estimated 250,000 acres burn each year across California, but the year to year variability is high; 
Table 4.2.1 provides a summary by bioregion. The contribution of wildfire to cumulative effects is 
considered under Cumulative Effects to Water Resources (Section 6.4.1). 

Development (AB 4290 “100 feet Clearance Rule”) 

Development in California’s wildland areas has increased the risk and cost of fighting wildfires. 
Defensible space ordinances have been developed to reduce the risk of wildfire in the Wildland Urban 
Interface (WUI). The California State Board of Forestry and Fire Protection (Board) promulgated 
defensible space regulations necessary to implement under Senate Bill (SB) 1369 of 2004. This 
legislation amended PRC 4291 to, among other things, require persons in State Responsibility Area 
(SRA) to maintain additional fire protection around a structure by removing brush, flammable 
vegetation, or combustible growth that is located up to 100 feet from the building or to the property 
line.  

The clearance rule represents a type of vegetation management conducted by individual 
landowners and concentrated in WUI areas across the state. The Board of Forestry and Fire Protection 
estimated the total number of structures within the State Responsibility Area (SRA) that are potentially 
affected by this regulation at 811,158. Table 6.2.6 provides an estimate of the number of structures 
affected for each Bioregion. 
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Table 6.2.6  
Estimated Number of Structures for Different Housing Density Classes by Bioregion 
Density 1 structure per 
N acres None 160 40 20 10 5 1 Total 
North Coast 0 15155 9106 9143 12045 12211 35901 93559 
Modoc 0 5975 3597 2773 2934 2212 7594 25084 
Sacramento Valley 0 6718 6248 7051 12064 12026 33335 77441 
Sierra Nevada 0 10857 11556 18017 27726 36325 81702 186184 
Bay Area - Delta 0 6629 10910 12971 18061 28151 93385 170106 
San Joaquin 0 9706 12539 16664 19139 16050 37717 111815 
Central Coast 0 13189 6229 5099 7396 9123 29630 70667 
Mojave 0 5449 4624 4527 6544 11657 37723 70524 
South Coast 0 2736 6134 11706 18474 28258 155977 223285 
Colorado Desert 0 3403 2227 2335 4113 3924 16132 32134 
Total 0 79817 73170 90287 128495 159936 529095 1060800 
Cumulative bin totals   152987 243274 371769 531705 1060800  

Grazing on Rangeland 

Specific characteristics of rangelands are described in Chapter 4 (Section 4.1.3 Range Setting). This 
section describes more specifically those areas where grazing actually occurs, the amount of rangeland 
area available for grazing (available rangeland), and an estimate of the area actually grazed by livestock 
(grazing area). These metrics help define who owns rangelands, where rangelands are located, how 
they are managed and what portion of all rangelands are actually available and used for grazing 
livestock. 

Ownership of rangeland types is not evenly distributed. A majority of Hardwood Woodland, 
Grassland, and Wetland habitats are privately owned. In contrast, a majority of Conifer Woodland, 
Shrub, Desert Shrub, and Desert Woodland habitats are publicly owned (see Table 4.1.3). The total 
amount of rangeland across California has been estimated at between 17.4 – 24.4 million acres on 
private land, and between 33.8 – 57.1 million acres on federal lands (Table 6.2.7). Rangelands are 
defined by having appropriate vegetation to support grazing, and not based on actual use by livestock 
(i.e., grazing area). 
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Table 6.2.7  
Various Rangeland Area Estimates by Ownership (Million Acres) 
 Private Public Total 
Primary rangelands (FRAP)* 24.4 32.7 57.1 
Rangeland (NRI)** 18.3 *** 18.3 
Available rangeland (FRAP) 21.9 19.8 41.7 
Grazing area (ERS and RPA****) 17.4 16.7 33.8 

ERS – Economic Research Service; FRAP – Fire and Resource Assessment Program; NRI 
– National Resource Inventory; RPA – The Forest and Rangeland Renewable 
Resources Planning Act of 1974 
*Excludes conifer forest types 
**Excludes any hardwood or conifer forest types 
***National Resources Inventory (NRI) measure some non-federal public lands but are included in private 
in this table 
****RPA (Mitchell, 2000) estimates used to derive area on public land 
Sources: Mitchell, 2000; FRAP, 1999; CAL FIRE, 2003b; NRCS, 2000; ERS, 2001  

Grazing Area 

The area of land in California that actually has grazing of livestock is termed “grazing area.” Field 
sampling conducted by the Natural Resources Conservation Service and allotment use records 
submitted by the Forest Service and BLM determine the amount of grazing area. 

The USDA Economic Research Service (ERS) is the only federal group that measures the total land 
grazed across all ownerships throughout the State. More detailed estimates of federal grazing land by 
ownership are derived from Rangeland Resource Trends in the United States. (Mitchell, 2000) and are 
summarized in Federal Grazing Land (Table 6.2.8). 

Table 6.2.8 
Total Grazing Area in Range and Forest Categories in All Ownerships, 1997  
(Million Acres) 
Type of grazing Acres 
Grassland and other pasture and range* 22.3 
Forest land grazed** 11.8 
Total grazing area 34.1 

*Grassland and other non-forested pasture and range in farms plus estimates of open or non-forested 
grazing land not in farms; **Woodland grazed in farms (ERS, 2001) 

These tables suggest several findings related to potential cumulative effects from grazing: 

• When comparing grazing area (34.1 million acres) with primary rangelands (approximately 57 
million acres), it appears that primary rangeland area far exceeds the land base actually grazed. 
This means that there is a substantial area of rangelands where there is inadequate forage or 
water to support livestock grazing, or grazing is not permitted and land is managed primarily for 
ecological values. 

• A large proportion of available rangelands (82 percent or 34.1 million of 41.7 million acres) are 
already being grazed. On some of this land base the level of grazing is light, with few animals 
per acre. Overall, however, this means that there are limited opportunities for new grazing 

http://www.fs.fed.us/rm/pubs/rmrs_gtr68.html
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activities -- especially when considering the on-going decline in the available rangeland base in 
California due to development and other pressures. 

• On public lands, large areas are not available or used at minimum levels for grazing due to 
exclusion by administrative designations and relatively poor forage production. Approximately 
17 million acres of the nearly 33 million acres of public primary rangelands are grazed (52 
percent). Over half of the 17 million acres is in desert land cover types that produce little forage 
and are susceptible to environmental damage due to grazing. 

• Private rangeland is used for grazing at a much higher level than public lands. Seventeen million 
of the 24 million acres of private primary rangeland is grazed (71 percent). 

• The ecological implications of this use suggests that private rangeland is more widely used for 
grazing, in part because the lands are often more productive and better watered. To some 
degree this raises the risk of environmental concerns. Other implications are that public lands 
are more likely used for wildlife habitats for species not dependent on grazing, benefits of fire 
reduction due to grazing are likely better realized on private lands, and successional changes 
are more likely on public lands. 

Findings on Forage Production, Grazing Capacity and Use  
One method to assess the productive capacity of rangelands includes comparing the amount of 

vegetation available for grazing (forage production) and the extent to which this vegetation is used 
(use). However, direct estimates of rangeland forage are not comprehensively collected, unlike 
counterpart measurements for forests (standing board foot volume of forests and harvest levels). This 
deficiency limits a direct assessment of sustainable forage production and use.  

Proxy methods must be used to assess forage production and use. Forage production estimates 
are made by estimating grazing capacity, the maximum stocking rate possible without inducing 
damage to vegetation or related resources, measured in animal unit months (AUMs) per acre by 
vegetation, ownership, and region. To measure use, FRAP uses the number of livestock (specifically 
beef cattle grazed on rangelands) to evaluate use from a commodity point of view (Mitchell, 2000). 
Estimates of forage use are derived by approximating the inventory of animals in California forage 
types. 

Forage Types 

Forest and rangelands provide forage (browse and non-woody plants) used for grazing by livestock 
and game. Forage varies in its quantity by species, time of year, and other factors such as climate, soils, 
and topography. Cattle consume a varied diet on rangeland that may include grasses, legumes, forbs, 
and brush (browse). The major land cover types provide varying amounts of forage and include 
Grassland, Wetland, Hardwood Woodland and Forest, Desert Shrub, Desert Woodland, Shrub, and to a 
lesser extent Conifer Woodland and Forest. Grasslands are the most important source of forage for 
California livestock (.75 – 1.5 AUMs).  

Grazing Capacity Estimates 

Landowners rely on forage that exists on both publicly and privately owned lands and in a variety 
of vegetation types. Forage is measured in the form of AUMs, the amount needed to sustain one 
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mature cow and her calf, five sheep, or six deer for a month. An AUM is approximately 800 to 1,100 
pounds of dry biomass, and represents the amount of forage that can be removed annually while still 
maintaining productivity. FRAP has not updated or designed an information system that evaluates 
forage production or estimates AUM usage since the 1989 Assessment. Because forage production 
may not be the critical limiting factor affecting rangeland productive capacity, it is unlikely that models 
supporting this dynamic will be extensively developed. Many other trends, particularly the declining 
land base and the presence of non-native, invasive species, are likely more important factors affecting 
long-term sustainability of rangeland productivity. 

Previous assessments (CH2M HILL, 1989) have estimated the forage production for both primary 
rangelands and secondary lands (Conifer Forests) producing forage. In this assessment, grazing 
capacity is used to estimate the sustainable level of grazing which a vegetation type can support, not 
the actual annual growth of range biomass. Grazing capacity is defined as a stocking rate that is 
possible without inducing damage to vegetation or other resources. Over 14 million AUMS are 
produced on California’s available primary rangelands (Figure 6.2.1 and Tables 6.2.9 and 6.2.10). 

 
  Figure 6.2.1 Average annual grazing capacity (AUM per acre) by primary rangeland cover class 

*Includes montane riparian CWHR, valley foothill riparian CWHR, and wet meadow CWHR  
Source: CAL FIRE, 2003b; CH2M HILL, 1989 

 

Table 6.2.9  
Total Annual Forage Production on Available Primary Rangelands by Land Cover Class 
Land cover type Grazing Capacity in 

AUMs per acre 
Area 
(millions of acres) 

Total AUMs 
(millions) 

Conifer Woodland 0.2 1.6 0.4 
Grassland 0.7 9.2 6.6 
Shrub 0.3 11.6 3.4 
Desert <0.1 14.3 0.5 
Hardwood Woodland 0.7 4.6 3.2 
Wetland/Riparian* 1.8 0.4 0.8 
Total 0.4 41.7 14.8 

AUM – animal unit month 
*Includes montane riparian CWHR, valley foothill riparian CWHR, and wet meadow CWHR  
Source: CAL FIRE, 2003b; CH2M HILL, 1989 
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Table 6.2.10  
Total Annual Forage Production on Available Secondary Rangelands by Land Cover Class 

Land cover type Grazing Capacity in 
AUMs per acre 

Area 
(millions of acres) 

Total AUMs 
(millions) 

Conifer Forest and. Montane Hardwood 0.04 19.1 0.8 
Source: CAL FIRE, 2003b; CH2M HILL, 1989 

Forage Use on Public Land 

The use of forage on BLM and USFS lands is reported annually as the number of AUMs permitted 
in grazing districts or range allotments. As shown in Figures 6.2.2 and 6.2.3, permitted AUMs peaked in 
the 1980s and have steadily declined. This estimate suggests that less than one million AUMs come 
from use on federal lands. It also implies that the bulk of the estimated 11.8 AUMs used in California 
come from private lands even though the area grazed on public versus private land is nearly equal. 
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Figure 6.2.2 Number of AUMs on BLM lands with grazing permits and leases, 1996-2000 

Source: Compiled by FRAP from USFS, 2002 
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Figure 6.2.3 Number of AUMs on USFS lands with grazing permits, 1980-2000 
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Comparisons of Forage Use and Grazing Capacity 

Grazing capacity on available rangelands in places exceeds the amount used for grazing of 
domestic livestock (Figure 6.2.4). However, excess forage for grazing may not be available because of 
the seasonal nature of forage availability resulting in ranchers seeking additional feed sources.  

The current estimate of grazing capacity on rangelands available for grazing is 14.8 million AUMs. 
The majority of forage available for grazing exists in the Management Landscape class 
Working/Private/Sparsely Populated (10.8 million AUMs). Domestic livestock grazing use in all classes 
is estimated at 11.8 million AUMs based on the approximately two million head of cattle that 
periodically graze on private rangelands.  

This profile suggests that at a broad statewide level, rangeland productivity is being maintained 
and lands are currently being grazed at a sustainable level. However, specific factors raise questions on 
the capability of California’s rangelands to sustain grazing activities at this level in the future. These 
concerns include a declining rangeland area, encroachment of invasive non-native species, and grazing 
use reductions on public lands resulting in potential increased demand for grazing on private lands. 
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Figure 6.2.4 Grazing capacity by Management Landscape class and total grazing use,  

       available rangelands 
Source: CAL FIRE, 2003b; CH2M HILL, 1989; National Agriculture Statistics Service, 2001 

Summary of Past Projects 

Over the past 10 years CAL FIRE has implemented vegetation management projects on over 
200,000 acres of land through VMP (195,000 ac), CFIP (16,200 ac), and Prop 40 (8,621ac). While there 
is substantial year to year variation the average annual treatment rate is 29,852 acres per year. The 
VMP projects are recorded by CAL FIRE Units, which cannot be directly compared to Bioregions. In 
general, the projects are broadly distributed across the state, with the greatest concentration in the 
Central Coast and within the Sierra Nevada. 
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Fuel reduction projects on federal lands have been much more extensive over roughly the same 
time period. Over the last 7 years, the USFS has implemented fuel reduction projects on approximately 
850,000 acres. Other federal agencies (BLM, NPS, FWS, and BIA) have implemented projects on 
300,000 acres since 2003. The combined total, roughly 1.15 million acres treated over the last seven 
years. The number acres treated by federal agencies has increased in recent years. Since 2003, the 
average annual treatment rate by federal agencies is 226,631 acres. Projects on federal lands were 
most heavily concentrated in the Sierra Nevada and Klamath / North Coast bioregions, with fewer 
projects in the Central Coast and South Coast bioregions. The combined average annual rate of fuel 
reduction projects (CAL FIRE and federal projects) is estimated at 194,852 acres per year over the last 
10 years. During the last 4 years (2003 – 2006) the rate has increased to 256,483 acres per year. 

Timber harvesting can be considered a related form of vegetation management. Timber harvesting 
was implemented on over 678,463 acres of federal lands and on over 849,732 acres of private lands 
over the last 10 years. These activities were concentrated in the Sierra Nevada and Klamath / North 
Coast bioregions. (see Table 6.2.11). The amount of timber harvesting also varies from year to year, but 
the average annual rate of timber harvesting can be estimated at 152,800 acres per year. 

When past fuel reduction projects are combined with timber harvesting and other forms of 
vegetation management an estimate can be made of the percentage of landscape that is cumulatively 
disturbed by related activities. In all cases, less than 1.5% of the treatable vegetation in a given 
Bioregion is disturbed on an annual basis. While only a small proportion of a bioregion is treated in a 
given year projects that are concentrated in a more localized area (i.e. planning watershed) are much 
more likely to have cumulative effects that are detectable and potentially significant.  
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Table 6.2.11  
Average Annual Summary of Past Projects and Percentage of Disturbed Acres 

Bioregion 

Federal 
Fuel 

Reduction 
Projects 

  

Timber 
Harvest All 

Lands 
 

CFIP 
Projects  

Past VTP 
Projects  

Wildfire 
 

Sum of 
Current 

Disturbed 
Acres  

Vegetation 
Acres 

Treatable 

Percent 
Current 
Acres 

Disturbed  

Bay Delta 1,278 3,124 128 763 8,486 13,779 2,890,535 0.48 
Central Coast 5,845 0 9 3,425 7,015 16,293 7,048,246 0.23 
Colorado 
Desert 199 0 0 0 0 199 2,007,618 0.01 

Modoc 23,690 26,266 113 175 1,819 52,063 4,827,095 1.08 
Mojave 7,469 204 8 447 22,753 30,881 15,908,556 0.19 
North Coast 38,349 58,673 260 355 7,462 105,099 11,386,915 0.92 
Sacramento 
Valley 20,773 0 71 3,034 35,966 59,843 6,393,568 0.94 

San Joaquin 
Valley 23,870 0 32 1,407 16,577 41,886 10,286,261 0.41 

Sierra 58,945 64,502 986 1,123 13,720 139,276 15,668,458 0.89 
South Coast 10,738 12 14 719 43,003 54,486 3,859,173 1.41 
Total 191,156 152,781 1,620 11,448 156,801 513,806 80,276,423 0.64 

6.2.2  Current Projects 

Current projects include vegetation management projects funded by CAL FIRE under Proposition 
40 (Table 6.2.12). These are mostly fuel reduction projects, but include other vegetation management 
objectives as well (Table 6.2.13). Some of these projects may have been completed, but most are 
currently being implemented, are on-going, or otherwise considered in progress. The cumulative 
effects analysis recognizes that similar actions on federal lands are also current and on-going, but very 
little information was available on their status. The databases on federal fuel reduction projects under 
report both the likely number of current and future projects. 

Table 6.2.12  
Total Acreage of Projects Funded Under Proposition 40 per Year by Unit 
CAL FIRE Unit 2004 2005 2006 Total 
Amador- El dorado 3,315 6,239 1,345 10,898 
Butte 495 2,393 537 3,424 
Fresno-Kings  208 470 185 863 
Madera-Mariposa-Merced 693 2,857 109 3,659 
Nevada - Yuba - Placer 16,315 18,164 3,802 38,281 
Sacramento Headquarters 0 0 0 0 
Tuolumne - Calaveras 5,265 7,198 718 13,181 
Tulare    290 290 
Total 26,289 37,321 6,986 70,596 

Counties include: Alpine, Amador, Butte, Calaveras, El Dorado, Fresno, Madera, Mariposa , Nevada, Placer, 
Plumas, Sacramento, Sierra, Tulare, Tuolumne and Yuba 
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Table 6.2.13  
Total Acreages of Projects Funded Under Proposition 40 by Project Objective 

County Forest Health 
Protection 

Forest 
Restoration 

Fuel 
Reduction 

Other Shaded 
Fuel Break 

Watershed 
Protection 

Total 

Alpine      30 30 
Amador 37  66   639 742 
Butte  109 372  44  525 
Calaveras   287   317 604 
El Dorado  169 487  1212 1123 2746 
Fresno  42    208 250 
Madera   144   433 577 
Mariposa   246    246 
Nevada   4528  47  4575 
Placer   976  40  1016 
Sacramento    100   100 
Sierra   140    140 
Tuolumne  143 226  55 645 1069 
Yuba   522  40  562 
 Total 37 463 7994 100 1438 3395 13427 

Timber harvesting is also an on-going related activity. Current timber harvesting is based on 
Timber Harvesting Plans (THPs) submitted and approved on non-federal lands, but not yet completed. 
The North Coast has the greatest THP acres in this status (298,226 ac), followed by the Sierras (173,250 
ac), Modoc (50,036 ac), and the Bay Area (19,422 ac). Since THP operations can be postponed until the 
end of the third year (with extension for time), the estimate represents a three year time frame.  

Forage Use 
Forage use is estimated indirectly by evaluating the inventory of beef cattle in a particular year and 

then calculating the AUMs needed to support that inventory. In 1997, nearly 1.9 million head of cattle 
were grazed annually for some period on primary and secondary rangelands (National Agriculture 
Statistics Service, 2001). To estimate the amount of forage used by these animals, the number of 
months used for range grazing must be estimated (see AUM Use Calculation). Using this methodology, 
it is estimated that over 11.8 million AUMs per year are consumed on California rangelands. For more 
information on the cattle inventory, see the Fire and Resource Assessment chapter on Range Livestock 
Industry (CAL FIRE, 2003). 

6.2.3 Future Projects 

Future projects in CEQA are defined in the CEQA Guidelines (15130, subsection (b)(1)(B)) as 
projects for which an application has been received at the time the notice of preparation is released. 
This would include projects that are planned to occur in the near future, but are not currently 
implemented. 

While individual VTP projects may show little signs of disturbance, collectively fuel reduction 
projects and related vegetation management activities by State and Federal agencies could potentially 
lead to larger scale environmental effects. As described in Chapter 2 (pg 2-24), the VTP expects at most 
to implement projects on between 1,000,000 to 2,500,000 acres over a 10 year period. This estimate 

http://www.frap.cdf.ca.gov/assessment2003/Chapter6_Socioeconomic/rangelivestock.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter6_Socioeconomic/rangelivestock.html
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represents a maximum level of activity to be expected under future projects (Table 6.2.14). On federal 
lands, future planned fuel reduction projects listed in the National Fire Plan database are reported as 
less than 10,000 acres for 2007. This is very likely an underestimate. Data from the National Fire Plan 
shows that in recent years federal agencies have been implementing fuel reduction projects on roughly 
225,000 acres in California per year. With an average of 30,000 acres treated annually through CAL 
FIRE, the combined disturbance from vegetation management covers an estimated 255,000 acres 
annually. This represents a baseline condition. The collective State and Federal actions in the future are 
likely to result in as much as 300,000 to 450,000 acres of wildland vegetation treated annually. These 
projects can occur in locations across the entire state, but are mainly concentrated in forest and range 
settings. California supports approximately 31 million acres of forest land and 57 million acres of 
primary rangelands (CAL FIRE, 2003; 2010). The combined or cumulative actions of fuel reduction 
projects on private and federal lands statewide would result in vegetation treatments between 0.45% - 
0.64% of the landscape per year. Table 6.2.14 shows the expected acres treated if the VTP program 
treated about 217,000 acres on average annually over a ten-year period, and federal programs 
continued to operate at their current rate over the next 10 years. The actual percentage of the 
landscape that is disturbed does not reflect recovery rates and is likely to be less than the amount 
shown. 

Table 6.2.14  
Expected Acres Treated on Federal and Private Lands Over a 10 Year Time Frame (2007 – 2016) 
Bioregion 

Name 
Bioregion 

Size (acres) 
Vegetation 

Acres 
Treatable 

Fed- 
RX Fire 
(acres) 

Fed-
Mecha-

nical 
(acres) 

Fed-Bio-
logical 
(acres) 

Fed-
Prep 

(acres) 

Fed-Total 
(acres) 

CAL FIRE 
Acres 

Proposed 
for 

treatment 

Total 
(acres) 

% 
Dis-

turbed 

Bay Delta 6,287,849 2,890,535 4,395 14,600 170 13 19,178 156,000 174,658 6.0 
Central 
Coast 

7,986,038 7,048,246 30,495 16,805 12,629 59 59,987 380,000 439,847 6.2 

Colorado 
Desert 

6,756,990 2,007,618 1,878 1,063 50 - 2,990 72,600 75,270 3.7 

Modoc 8,332,063 4,827,095 81,395 125,266 223 5,758 212,641 223,200 435,841 9.0 
Mojave 19,937,290 15,908,556 1,465 6,663 300 - 8,428 20,000 18,048 0.1 
North 
Coast 

14,383,125 11,386,915 328,796 124,318 - 3,224 456,338 253,500 709,578 6.2 

Sacrament
o Valley 

3,952,761 6,393,568 120,794 71,908 21,707 229 214,638 312,000 526,638 8.2 

San 
Joaquin 

8,224,210 10,286,261 190,726 69,728 2,679 15 263,148 117,100 379,888 3.7 

Sierra 18,303,438 15,668,458 210,156 323,319 16,416 1,747 551,638 429,100 980,898 6.3 

South 
Coast 

7,281,899 3,859,173 19,904 91,605 55 125 111,689 205,600 286,929 7.4 

Total 101,445,664 80,276,423 990,004 845,274 54,228 11,169 1,900,675 2,169,100 4,027,595 5.0 

Note: For federal lands the predictions are based on historical data. The average annual acres treated was calculated from 
historical data and extrapolated over a 10-year planning horizon. 



Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-21 

 

6.3 Watershed Potential Benefit and Constraints GIS Model (Future Condition) 
In support of the PEIR, we performed a Geographic Information System (GIS) based analysis to 

map areas eligible for VTP projects, to highlight those watersheds: 1) of greater potential program 
need of vegetation and fuels treatments; and 2) where certain treatment practices (prescribed 
burning) may be constrained due to other considerations in the landscape (see Appendix A). Potential 
treatment need was based on the relative concentrations of both natural and development-related 
assets in the watershed that would benefit from the program (structures, timber, water quality, etc.). 
Potential treatment constraints were mapped with respect to the particular practices (prescribed 
burning, mechanical treatment, etc.) of the program. Available spatial data from various sources 
(mostly CAL FIRE) was synthesized into watershed-based evaluations of wildfire hazard, landscape 
values at risk (socio-economic, natural/cultural resource) and constraints using objective logic 
developed by CAL FIRE staff. The resultant maps provide a view as to how the program could allocate 
and help prioritize program vegetation treatment projects according to their relative need and 
potential benefit. The GIS constraints model can serve as a guide for implementing VTP programs. For a 
more detailed explanation of this analysis, see Appendix A. 

6.4  Cumulative Effects Evaluation by Resource Topic 
The following section discusses the potential for cumulative effects for the following resource topics 
(see Chapters 4 and 5 for additional information on each resource topic):

• Water Resources (Quality and 
Quantity) 

• Geology and Soils 
• Wildfire Severity and Extent 
• Air Quality 
• Archaeological and Cultural Resources 

• Visual / Aesthetic Resources 
• Noise 
• Transportation  
• Population and Housing 
• Recreation Resources 
• Biological Resources 

6.4.1 Cumulative Effects – Water Resources 

This section analyzes the potential cumulative effects to water resources, peak flows and water quality 
(including herbicides), due to implementing either the Proposed Program or any of the Alternatives. 
Section 5.7 contains an evaluation of program level effects to water and water quality that is also 
relevant to considering potential cumulative effects. 

Significance Criteria 

The following is a subset of the criteria presented in Section 5.7 (Effects of Program/Alternative 
Implementation on Water Resources Including Water Quantity and Water Quality by Hydrologic 
Region) and is used here to evaluate potential cumulative effects to water resources. 

a) Violate any water quality standards or waste discharge requirements;  
b) Substantially deplete groundwater supplies or interfere substantially with groundwater recharge 

such that there would be a net deficit in aquifer volume or a lowering of the local groundwater 
table level (i.e., the production rate of pre-existing nearby wells would drop to a level which would 
not support existing land uses or planned uses for which permits have been granted);  
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c) Substantially alter the existing drainage pattern of the site or area, including through the alteration 
of the course of a stream or river, in a manner which would result in substantial erosion or siltation 
on- or off-site;  

d) Substantially alter the existing drainage pattern of the site or area, including through the alteration 
of the course of a stream or river, or substantially increase the rate or amount of surface runoff in a 
manner which would result in flooding on- or off-site;  

e) Create or contribute runoff water which would exceed the capacity of existing or planned storm 
water drainage systems or provide substantial additional sources of polluted runoff;  

f) Otherwise substantially degrade water quality.  

Determination Threshold 

There is substantial scientific uncertainty on the magnitude and the duration of vegetation 
treatment effects on water resources. As such, there are no clear quantitative thresholds available; 
instead the following narrative thresholds were used (see Section 5.7.2): 

1) A significant degradation of water quality; 
2) Violations of Regional Water Quality Control Board Basin Plan objectives;  
3) Significant impact on a beneficial use; or 
4) Significant impact on runoff and or water yield. 

Impact Evaluation (Background) 

The environmental setting for water resources is described in Chapter 4 (Section 4.7). For most 
watersheds in California, fire is a dominate process that influences the timing and delivery of water, 
sediment, and nutrients throughout a watershed. Wildfires occur naturally in watersheds and their 
effect can be thought of as an episodic event. The recovery of environmental processes following a 
wildfire is dependent on the magnitude of the fire event. The recovery of ecological processes can be a 
long-term process, but many processes related to sediment and nutrients show major recovery within 
three to five years. In addition, the current condition for many watersheds involves chronic 
disturbances from a broad range of management activities (roads, development, land conversion, 
urban expansion, dams and water diversions, etc.), and fuel treatments represent an incremental 
short-term disturbance to the watershed. 

Forested watersheds in California provide an important source of clean water for environmental, 
urban, and agricultural uses. In an undisturbed or minimally disturbed watershed, forest vegetation 
provides for high infiltration rates that reduces erosion and lowers sediment yields (Robichaud, 2000). 
By altering infiltration rates, fuel reduction and related vegetation management activities have the 
potential to increase runoff and increase sediment yields. 

Section 303(d) of the Clean Water Act requires states to identify impaired waterbodies, and 
through TMDLs, identify pollutant sources and load allocations (Figure 6.4.1). This listing represents a 
process for understanding which watersheds are currently impaired and where VTP projects have the 
potential to incrementally contribute to water quality impairments. Table 6.4.1 summarizes 
waterbodies with known impairments for sediment, water temperature and nutrients. The North Coast 
and Central Coast regions have the greatest number of waterbodies that are listed as sediment or 
temperature impaired. Only a few watersheds in the Sierra are listed for sediment (e.g., Truckee, 
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Walker). Nutrient impairments are more commonly found in many bioregions (Sacramento, San 
Joaquin, Central Coast), but most commonly associated with agricultural activities in lower valleys and 
not typically associated with forest management activities. Water quality impairment from pesticides 
occurs most frequently in the Central Valley, Central Coast, and San Diego water board regions. 
 

 
Figure 6.4.1 2010 303(d) listed impaired waterbodies 
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Table 6.4.1 
Summary Of 303(d) Listed Waterbodies by Hydrologic Region 
(See WWW.SWRCB.CA.GOV for Most Current Listing) 

Region Sediment Impaired Temperature Impaired Nutrient Impaired Pesticide Impaired 

North Coast Eel, Elk, Freshwater, Noyo, Big, Ten Mile, Navarro, 
Jacoby, Gualala, Garcia, Scott, Van Duzen, 
Redwood, Mad, Russian, Mattole, Lower Klamath, 
Trinity, Redwood Creek, Mad, Klamath, Bodega 
Estuary 

Mattole, Eel, Klamath, Mad, Big, 
Noyo, Albion, Garcia, Gualala, 
Navarro, Ten Mile, Redwood, 
Russian, Trinity, Scott, Mad,  

Eel, Russian, Klamath, 
Bodega Estuary, Bodega 
Estuary  

  

San 
Francisco 
Bay 

Walker Creek, Lagunitas Creek, Napa River, 
Pescadero Creek, Petaluma River, San Francisquito 
Creek, San Gregorio Creek, Sonoma Creek, 
Tomales Bay, Butano Creek 

Arroyo Mocho, Codornices 
Creek, Stevens Creek, Suisun 
Creek  

Arroy Las Positas, 
Lagunitas Creek, Mission 
Creek, Napa River, 
Petaluma, Sonoma, 
Suisun Creek, Tomales 
Bay, Walker Creek 

  

Central 
Coast 

Aptos, Bean, Bear, Boulder, Bradley Canyon, 
Branciforte, Carbonera, Carnadero, Carneros, 
Chorro, Chualar, Corralitos, Casmalia, Elkhorn 
Slough, Fall, Furlong, Gabilan, Greene Valley, Kings, 
Llagas, Los Osos, Love, Morro Bay, Moss Landing, 
Mountain Charlie Gulch, Natividad, Newell, Old 
Salinas, Orcutt, Pacheco, Pajaro, Prefumo, Quail, 
Rider, Rincon, Rodeo, Salinas, San Benito, San 
Juan, San Lorenzo, San Vicente, Santa Maria, Santa 
Ynez, Shingle Mill, Shuman, Soquel,Valencia, 
Zayante 

 Arroyo Seco, Atascadero, 
Chualar, Cieneguitas, Greene 
Valley, Llagas, Millers, Natividad, 
Orcutt, Quail, Salinas, San 
Miguelito, San Pedro, Santa 
Rosa, Santa Ynez, Uvas 

Carbonera, Carpinteria, 
Chorro, Llagas, Lompico, 
Los Osos, Old Salinas, 
Pajaro, Salinas, San 
Lorenzo, San Luis Obispo, 
Schwan, Shingle, 
Tembladero  

Blanco, Elkhorn Slough, Espinos, 
Moro Cojo, Moss Landing, Old 
Salinas, Tembladero, Watsonville 
Slough 

Los Angeles Calleguas, Las Virgenes, Malibu, Medea, Triunfo 
Canyon 

   Las Virgenes, Los 
Angeles, Malibu 

 Palo Verde Beach - Shoreline 

Central 
Valley 

Fall, Humbug, Panoche Pitt, Feather North Fork, Pitt, 
Yuba, Willow Creek 

Bear Creek, Butte Slough, 
Lower Calaveras, French 
Camp, Fresno, Honcut, 
Kellog, Lone Tree, Los 
Banos, Old, Pit, Pleasant 
Grove, Sand, Spring, 
Temple 

Arcade, Bear, Berenda, 
Calaveras, Comanche, Coon, 
Curry, Deadman, Del Puerto, Dry, 
Duck, Elbow, Elder, Elk Bayou, 
Elk Grove, Feather, Ingram, 
Kaseberg, Kings, Lone Tree, 
Lower Merced, Miles, 
Mokelumne, Morrison, Mustang, 
Old, Orestimba, Sacramento, San 
Joaquin, Sand, Spring, Stony, 
Tuolumne, Ulatis  

Lahontan Bronco, Clearwater, Squaw, Truckee, Ward, Wolf, 
Blackwood, Walker, Gray, Heavenly, Hot Springs, 
Susan, Wolf Creek 

   Blackwood, Carson, Cold, 
General, Heavenly Valley, 
Hilton, Sheep, Susan, 
Swauger, Trout, Truckee, 
Ward 

  

Colorado 
River 

 Alamo, Imperial Valley Drains, New River   New River Alamo, Coachella, Imperial , New 
River, Palo Verde Lagoon 

Santa Ana Rathbone   Chino, Grout, Mill, 
Rathbone, Summit 

San Diego Creek  

San Diego  Tijuana River   Aqua Hedionda, Aliso, 
Buena, Chollas, 
Cloverdale, Escondido, 
Murrieta, Rainbow, San 
Diego, Santa Margarita, 
Sweetwater, Tecolote, 
Tijuana, Warm Springs 

Arroyo Trabuco, Buena, Chollas, 
Cottonwood, English, Escondido, 
Long Canyon, Murrieta, 
Redhawk, San Juan, San Marcos, 
Santa Gertrudis, Temecula, 
Tijuana River, Warm Springs 

http://www.swrcb.ca.gov/
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 ERA Impact Evaluation 

Effects of the VTP program on water resources (water quantity and water quality) were evaluated 
in Section 5.7 using a modified form of the Equivalent Roaded Area (ERA) method. As described in 
Section 5.7.3, the ERA method was limited to analysis of treatments within the VTP program area and 
did not consider the cumulative effect of disturbance from other activities in a watershed. To examine 
potential cumulative effects the ERA method was expanded to include timber harvesting, roads, and 
fuel reduction projects on federal lands. The ERA analysis was applied to watersheds where VTP 
projects are likely to occur. For each watershed an ERA value is calculated as follows: 

 ( )( ) 100*/*5

1

3

1

2

1
WEAERA

p t r ptrptr∑ ∑ ∑= = =
=    where: 

 
 A  = acres treated 
 E  = ERA coefficient 
 W  = total planning watershed area 
 p  = treatment practice (p = (1 = prescribed burning; 2 = mechanical; 3 = manual; 4 = 
 herbicide; 5 = grazing) 
 t  = time since disturbance (t = (1 = 1 year; 2 = 5 years; 3 = 10 years) 
 r  = fire regime (r = (1 = surface; 2 = crown) 
 

The ERA methodology is a disturbance index method that the US Forest Service developed for 
California; calculations result in an index of the activity level in a watershed (Reid, 2010). It is a 
“lumped, conceptual model that quantifies total disturbance in the watershed through the use of 
empirical coefficients and recovery curves for each activity (MacDonald et al., 2004).” The primary 
limitations of the ERA model are: 1) it does not separate effects on sedimentation from peak flows; 2) 
evaluation of recovery time is linked to causes of the effects rather than the effects themselves; 3) 
results are not spatially explicit (location of the project in the watershed, including and especially 
proximity to streams, is not accounted for); 4) ERA describes a level of risk due to management 
activities but does not offer an index of actual effects; and (5) there is no assurance that a single 
screening tool can adequately address multiple, unrelated impact mechanisms (Menning et.al., 1996; 
MacDonald et al., 2004; Reid, 2010). Additionally, climatic variability can mask linkage between 
hillslope activities and stream channel response (McGurk and Fong, 1995). Despite these shortcomings, 
ERA has been used since the 1980’s in California (primarily on National Forest timberlands) as a 
quantitative accounting procedure for estimating potential effects of management activities on water 
quality and peak flows (Menning et al, 1996.). The ERA index assumes that the potential for impacts 
from cumulative effects increases with the intensity of land use disturbance within a given watershed.  

The ERA method includes the concept of a “Threshold of Concern” (TOC) for each watershed, 
which is an estimate of the maximum amount of disturbance in a watershed that can occur without 
initiating adverse water quality or peak flow effects. The statewide TOC of 10-14% was used as a 
threshold to determine if effects are detectable and potentially significant. Distinct TOCs for 
geographic regions and/or specific beneficial uses of water are preferred, however, over statewide 
average values (McGurk and Fong, 1995).  
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The ERA results for the VTP program alone are presented in Section 5.7. The ERA values in Section 
5.7 are based solely on the estimated disturbance associated with the Proposed Program and the 
alternatives. To address potential cumulative watershed effects, ERA values were estimated that 
include the VTP program and other land use activities and forms of disturbance including: timber 
harvesting, roads, fuel reduction projects on federal lands, and wildfires. Statewide 98% of the 
Calwater planning watersheds had an ERA that was estimated below an ERA threshold of 10%. About 
one percent of the Calwater planning watersheds had an ERA value that was well above the threshold 
(15-20%). The ERA calculation provides a rough index for cumulative effects, but likely underestimates 
disturbance in most watersheds. This is due in part to limitations in data available for a statewide 
analysis and other forms of disturbance that may occur in a watershed, but for which statewide GIS 
data was not readily available (e.g., mining, development and land conversion).  

Also, it is important to note that the US Forest Service developed the ERA methodology so that 
second and third order watersheds would generally be evaluated for project planning, while larger 
fourth and fifth order watersheds (planning watersheds or larger) would be evaluated for forest 
planning. Haskins (1987) suggested that second and third order (500 to 2000 acre) watersheds be 
evaluated with the ERA methodology, stating that if the size of the watershed is too large, the effects 
of clumping of activities into a subwatershed within it will not show up in the analysis. Carlson and 
Christiansen (1993) state that the planning watershed is used as the first level of examination to give a 
landscape level analysis with the ERA methodology, but that planning watersheds may need to be 
further subdivided depending on the number and location of projects and the geomorphology of the 
area. Therefore, the analysis provided in this document is to be considered as a landscape level 
analysis.  

The data were also analyzed by Bioregion (Table 6.4.2A-F). Under baseline conditions, with the 
exception of the South Coast bioregion, most bioregions have a very small number of watersheds with 
ERA values above the 10% threshold. Under the Proposed Program the most noticeable changes in ERA 
values are for the Sacramento Valley and the South Coast bioregions. Alternatives 2 and 3 also show 
substantial increases in ERA values above the 10% threshold for the Sacramento Valley, while 
Alternatives 1 and 4 show only minor changes. This is in part an artifact of the small number of 
watersheds delineated for the Sacramento Valley Bioregion and reflects the historical placement of 
fuel treatment projects (i.e., large areas of prescribed burns in grasslands). The Proposed Program, 
Alternatives 2 and 3, all show a moderate increase in ERA values above 10% for the Sacramento Valley 
and South Coast Bioregions. 

The analysis of 5,600 planning watersheds in the VTP program area estimates that 98% of the 
watersheds have an ERA value of less than 10%. The addition of the VTP program resulted in about 
0.5% of the watersheds in the program area moving above an ERA threshold of 10%. Alternatives 2 and 
3 resulted in the greatest number of watersheds shifting above a threshold ERA value of 10%, but this 
was still a small number of watersheds (e.g. less than 40 planning watersheds) compared to the total 
number watersheds across the program area (e.g. 5,600). Given the assumptions and limitations in the 
data and analysis methods (see Section 5.7.3), the relative size of the VTP program is small and it is 
unlikely that the addition of the VTP program will create a significant adverse cumulative effect or 
further degrade a watershed that is currently impaired.  
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Table 6.4.2A  
Baseline ERA Values: Percent of Watersheds in Each Bioregion That Fall Into ERA* 
Disturbance Categories 
  
 Bioregion 

Equivalent Roaded Acre Values per Watershed After 10 Years 
 

0-1% 1-2% 2-5% 5-10% >10% 
Bay Delta 29 64 5 1 0 
Central Coast 55 34 4 3 4 
Colorado Desert 82 16 3 0 0 
Modoc 15 70 11 2 2 
Mojave 37 51 8 2 1 
North Coast 93 3 1 0 3 
Sacramento Valley 90 8 0 0 1 
San Joaquin 95 5 1 0 0 
Sierra Nevada 30 61 5 2 2 
South Coast 15 46 22 10 6 
  Average 54 36 6 2 2 

*Note: The ERA values represent conditions prior to the Proposed Program or alternatives 
 
 

Table 6.4.2B 
ERA Cumulative Effects: Percent of Watersheds in Each Bioregion That Fall Into ERA* 
Disturbance Categories for the Proposed Program and Other Non-VTP Sources 
 Equivalent Roaded Acre Values per Watershed After 10 Years 

0-1% 1-2% 2-5% 5-10% >10% 
Bay Delta 18 71 9 1 0 
Central Coast 27 54 11 3 4 
Colorado Desert 63 18 16 3 0 
Modoc 12 71 13 2 2 
Mojave 35 53 9 2 1 
North Coast 92 3 1 0 3 
Sacramento Valley 27 30 17 13 14 
San Joaquin 63 21 11 3 1 
Sierra Nevada 20 67 9 2 2 
South Coast 9 40 26 15 9 
  Average 37 43 12 4 4 

Note: The ERA values for Cumulative Effects considers disturbance from both VTP and non-VTP sources and the 
range of values differs from the results in Table 5.7.4. 
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Table 6.4.2C  
Era Cumulative Effects: Alternative 1- Percent of Watersheds in Each Bioregion that Fall 
Into ERA* Disturbance Categories for the Proposed Program and Other Non-VTP Sources 
  
 Bioregion 

Equivalent Roaded Acre Values per Watershed After 10 Years 

0-1% 1-2% 2-5% 5-10% >10% 
Bay Delta 24 67 7 1 0 
Central Coast 43 44 6 3 4 
Colorado Desert 68 24 8 0 0 
Modoc 15 70 11 2 2 
Mojave 37 51 8 2 1 
North Coast 93 3 1 0 3 
Sacramento Valley 48 38 7 6 1 
San Joaquin 76 22 2 1 0 
Sierra Nevada 27 64 6 2 2 
South Coast 12 45 25 11 7 
  Average 44 43 8 3 2 

Note: The ERA values for Cumulative Effects considers disturbance from both VTP and non-VTP sources and the 
range of values differs from the results in Table 5.7.4. 

 
 
 

Table 6.4.2D  
Era Cumulative Effects: Alternative 2- Percent of Watersheds In Each Bioregion That Fall 
Into ERA* Disturbance Categories for the Proposed Program and other Non-VTP Sources 
  
 Bioregion 

Equivalent Roaded Acre Values per Watershed After 10 Years 
 

0-1% 1-2% 2-5% 5-10% >10% 
Bay Delta 16 72 9 1 1 
Central Coast 25 56 11 4 4 
Colorado Desert 61 21 16 3 0 
Modoc 11 72 13 2 2 
Mojave 34 54 9 2 1 
North Coast 92 4 1 0 3 
Sacramento Valley 24 30 21 8 17 
San Joaquin 60 23 10 5 2 
Sierra Nevada 21 67 9 2 2 
South Coast 10 38 28 15 9 
  Average 35 44 13 4 4 

Note: The ERA values for Cumulative Effects considers disturbance from both VTP and non-VTP sources and the 
range of values differs from the results in Table 5.7.4. 
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Table 6.4.2E  
ERA Cumulative Effects: Alternative 3 -- Percent of Watersheds in Each Bioregion That Fall 
Into ERA* Disturbance Categories for the Proposed Program and Other Non-VTP Sources 
  
 Bioregion 

Equivalent Roaded Acre Values per Watershed After 10 Years 
 

0-1% 1-2% 2-5% 5-10% >10% 

Bay Delta 16 72 10 1 0 
Central Coast 25 57 11 3 4 
Colorado Desert 58 24 13 5 0 
Modoc 11 71 13 2 2 
Mojave 34 54 9 2 1 
North Coast 91 4 1 0 3 
Sacramento Valley 28 27 17 15 13 
San Joaquin 62 22 11 3 2 
Sierra Nevada 20 67 9 2 2 
South Coast 10 37 29 15 9 
  Average 36 44 12 5 4 

Note: The ERA values for Cumulative Effects considers disturbance from both VTP and non-VTP sources and the 
range of values differs from the results in Table 5.7.4. 

 
 
 
 

Table 6.4.2F  
ERA Cumulative Effects: Alternative 4 - Percent of Watersheds in Each Bioregion That Fall 
Into ERA* Disturbance Categories for the Proposed Program and Other Non-VTP Sources 
  
 Bioregion 

Equivalent Roaded Acre Values per Watershed After 10 Years 
 

0-1% 1-2% 2-5% 5-10% >10% 

Bay Delta 23 69 7 1 0 
Central Coast 41 47 6 3 4 
Colorado Desert 68 26 5 0 0 
Modoc 14 70 11 2 2 
Mojave 36 52 9 2 1 
North Coast 92 4 1 0 3 
Sacramento Valley 37 42 14 4 3 
San Joaquin 73 23 3 1 0 
Sierra Nevada 26 64 6 2 2 
South Coast 13 41 26 12 7 
  Average 42 44 9 3 2 

Note: The ERA values for Cumulative Effects considers disturbance from both VTP and non-VTP sources and the 
range of values differs from the results in Table 5.7.4. 
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Determination of Significance 

Impact A: Substantially alters runoff and water yield (threshold 4) 
 - Less than significant 

The environmental effects of removal of vegetation for fuel reduction has received limited study 
to date. See Elliot et al., (2010) for a comprehensive review of existing information on the subject. A 
thinning for fuel reduction could be considered comparable to a heavy single tree selection harvest and 
less intensive than a clear cut. Studies have shown no measurable increase in runoff from thinning 
operations that remove less than 15 percent of forest cover, in areas with less than 18” of annual 
precipitation, and that measurable increases in runoff typically persist for less than 10 years 
(Robichaud, 2005; MacDonald and Stednick, 2003). In addition, the ERA analysis estimates that 97% of 
the watersheds will experience only a slight change in the amount of area disturbed (i.e., addition of 
ERA < 2% due to the VTP) as a result of implementing the proposed VTP program. Given the limited 
extent of the VTP program and the expected intensity of disturbance, it is unlikely that the VTP 
program will result in significant impacts to runoff and water yield at the planning watershed scale. 
Note, however, that flow effects are considerably more pronounced and easier to detect in small 
headwater basins (e.g., second order) when compared to the much larger planning watershed scale 
(typically fourth order) (Ziemer and Lisle, 1998). Thus, there is greater likelihood of measurable impacts 
to occur in small headwater basins. 

Impact B: Substantially degrades water quality (no impact with mitigation) (thresholds 1 – 3) 
 - Less than significant with mitigations 

- Water quality parameters include: sediment, temperature, nutrients, and herbicides. Mechanical Treatments 
(Thinning) and Prescribed Burning 

As is the case with timber harvesting, removal of vegetation for fuel reduction requires access, 
often to vehicles and heavy equipment. For commercial timber operations, road construction and the 
legacy of extensive road networks has a pronounced effect on erosion and sediment yields. However, 
VTP projects will only use existing roads, as no program funding is available for new road construction. 
Typically, the degree of ground disturbance is minor and depending on the method should not result in 
extensive exposure of bare soil. Simulation models in forest settings predicted higher sediment yields 
from wildfires than from management activities (Elliot, 2002). Wildfires tend to be episodic in 
occurrence while management related sediment sources are typically chronic. As new vegetation 
grows back the erosion impacts from individual fuel treatments are likely to be short term. However, 
the cumulative effect of fuel treatments, repeated every 10-20 years, when combined with the impacts 
of road maintenance and use, could be similar to the pulse impact from wildfire (Robichaud et al., 
2010). Based on the location of existing sediment-impaired watersheds, sediment and erosion are 
most likely to be widespread issues for projects in the North Coast bioregion and for selected 
watersheds in the Sierra and South Coast bioregions, particularly those with erodible soil types (e.g., 
decomposed granitic soil). 

The removal of organic material from prescribed burning has the potential to disturb soil and 
generate soil erosion. This is dependent both on the intensity of the fire and the moisture conditions of 
the material being consumed. Prescribed burns are designed to produce low severity fires that remove 
litter while retaining the organic material in the upper soil layers. With low severity fires under typical 
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prescribed burns, the potential for increased peak flows or increased erosion rates is relatively small 
(Robichaud et al., 2010). Alternative 4 (Air Quality) greatly restricts prescribed burning and is the least 
likely to contribute to cumulative effects that are associated with prescribed burning. 

Herbicides – Potential Cumulative Effects on Water Quality 

Herbicide use by the proposed VTP program and similar projects on federal lands represents a 
potential cumulative effect to water quality. The VTP program does not call for the direct use of 
herbicides in or near waterbodies. However, through erosion processes the potential exists for 
herbicides, attached to soils particles, to be transported into streams or other waterbodies. The 
likelihood of herbicides being transported through surface runoff to streams varies with distance from 
stream, soil infiltration rate, rate of surface flow, and adsorptive characteristics of surface materials 
(Brown, 1980). The active ingredients of the most commonly used herbicides in the VTP (see Chapters 
4 and 5 for detailed discussion) are not considered highly toxic to fish, amphibians, and wildlife (see 
Section 5.17). However, it is possible that effects could be concentrated at a local level, in watersheds 
that are targeted as high priority for treatment, or in watersheds where there are significant federal 
lands with similar treatment activities occurring. With the exception of the Alternative 3 (no herbicide 
use) and Alternative 1 (No Project), all other alternatives (Program and Alternatives 2, 4, and 5) expect 
some herbicide use as part of the program. 

The expected contribution of the proposed VTP program to the total amount of pesticides used in 
California is quite small. In 2005, Department of Pesticide Regulation (DPR) reported total pesticide use 
at 194,320,983 pounds. The use of herbicides on private forest lands accounts for 213,752 pounds, or 
less than 1% of the total. This was applied at an average rate of 1.4 lbs per acre (DPR, 2005). As 
described in Section 5.17, the VTP program would use herbicides on up to 19,620 acres annually (Table 
5.17.3). If applied at an average rate of 1.4 lbs per acre that would result in an additional 24,500 
pounds of herbicides being applied annually, adding 11.5% to the total amount of herbicides used on 
forest lands and adding 0.0126% to the total pesticide use statewide. Given the limited use of 
herbicides, less than 1% of total pesticide use statewide, the Proposed Program and the alternatives 
are not expected to have a significant effect on water quality from herbicide use. Alternative 3 is the 
“No Herbicide” alternative and as such would have the least impact. 

In addition, as stated in Section 5.7, the vast majority of watersheds (96-99%) across the state will 
receive so few VTP projects (< 3 in ten years), combined with minimal ground disturbance from 
treatment methods, that water quality effects are unlikely. The cumulative effect of multiple projects 
(VTP and non-VTP) in a single watershed is not likely to be intensive enough to substantially impact 
runoff, water yield, or water quality. The analysis of 5,600 planning watersheds in the VTP program 
area estimates that 93% of the watersheds have an ERA value of less than 10%. Statewide, the addition 
of the VTP program resulted in about 5% of the total planning watersheds in the program area to move 
above an ERA threshold of 10%. At a bioregional level, the Sacramento Valley was the only bioregion 
where the implementation of the program, or alternatives 2 and 3, would shift a substantial number of 
watersheds beyond a 10% ERA threshold. Potential cumulative effects in this bioregion can be 
minimized by following the mitigations, minimum management requirements, and avoiding a high 
concentration of fuel treatment projects in any one planning watershed, or subwatershed within a 
planning watershed. The cumulative effect of fuel treatments are related to their location and 
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concentration within a given second or third order sub-basin, as well as the degree and frequency of 
disturbance for each activity. 

Thus given the limitations in the data and analysis methods (see Section 5.7.3), the relative size of 
the VTP program is small and it is unlikely that the addition of the VTP program will create a cumulative 
effect or further degrade a watershed that is currently impaired. With the mitigations measures stated 
in Section 5.7.9 any cumulative effect to runoff or water yield and water quality should be less than 
significant. 

Comparison of Alternatives 

The Proposed Program and Alternative 2 have similar effects to water quality. Both expect to treat 
on average 217,000 acres annually per decade and have a comparable proportion of treatment 
methods (Table 3.11) (with the exception that under Alternative 2, where there is no use of 
herbicides). Alternative 3 is designed to offer the greatest protection to water quality. Under 
alternative 3 the program would also operate with a cap of 217,000 acres average per decade, but the 
stream buffer widths are increased to be equivalent to those in the California Forest Practice Rules. In 
addition, under Alternative 3 treatments would not be applied on areas where the post-treatment 
Erosion Hazard Rating (EHR) would be high. Alternative 1 and Alternative 4 offer the least protection 
for water quality. Alternative 1 is the status quo and the program would operate without the additional 
protections as stated in the MMRs. Under Alternative 4 the program would treat fewer acres (93,000), 
but the use of mechanical treatments as the predominant method for vegetation management would 
likely result in greater effects to water quality through increased site disturbance. 

Mitigation(s) 

Impact A: Substantially alters runoff, water yield, or water quality 

Cumulative Equivalent Roaded Acres (CERA) watershed disturbance screening 

For each VTP project, the calculated Cumulative Equivalent Roaded Acres (CERA) will be used as a 
screening tool to determine the likelihood of cumulative impacts that are associated with land 
disturbance, both from the VTP project and other forms of land disturbance in the planning watershed. 
This approach uses a modified version of the ERA methodology to produce a disturbance index. The 
intent of the index is to identify planning watersheds where previous treatments or other forms of land 
disturbance have been concentrated. Depending on the number, size, and location of past projects in 
second and third order sub-watersheds and the geomorphic sensitivity of the landscape, additional 
consultation with hydrologists, geologists, or other resource specialists may be needed and CERA may 
be required to be calculated at the sub-watershed scale. The box and procedure shown below is 
included in the environmental checklist. 
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Cumulative Equivalent Roaded Acres Calculation Procedure outline: 
1) Calculate and sum raw ERA acres of four types of existing disturbance (other VTP projects; 

timber harvests; high intensity crown fires; development) that have occurred in the 
planning watershed over the past 5 years; 

2) Convert into a percentage ERA subtotal by dividing total by the area of the planning 
watershed; 

3) Add ERA percentage contributed by roads and proposed VTP project to get Total ERA 
 
Within the same planning watershed, put in estimated total acres over the last 5 years, of: 
          Acres           raw ERA 

a. Other VTP projects    _______ * 0.15  = ________ 
b. Timber harvest     _______ * 0.20  = ________ 

 c. High intensity or Crown wildfires  _______ * 0.30  = ________ 
d. Development (of >20% impervious surface area) _______ * 0.50  = ________ 

e. Subtotal acreage of a. through d.    = ________ 
f. Total acreage of planning watershed     = ________ 

  g. Subtotal Percent ERA (divide f. by e., mult. by 100) = ________ 
 
        h. Enter value for approximate road density** (miles/(sq mi)) in planning watershed: 
    0 – 3  1.7% 
    3 – 7  4.0% 
    7+  5.7%     = ________ 
      i. Current VTP project ERA in % (from Mit. Meas. 5.7-1)  = ________ 
 

j. Total estimated planning watershed Percent ERA 
  (Cumulative ERA = sum of g., h. and i.)    =________ 
 

ERA disturbance coefficients for a., b., c., d., and h. were generalized and adapted from Menning et al., 1996. 
**Road density ERA based on average road width of 30 feet. 

CERA Evaluation 

A cumulative ERA (CERA) of less than 10% will not require further analysis with reference to this 
mitigation, unless consultation with resource specialists regarding past project number, size, and 
location in sensitive sub-basins dictates that further analysis is required, including possible CERA 
calculation at the sub-watershed scale. 

For CERA values from 10% to 13%, the project documentation will provide a brief discussion of 
how resources in the planning watershed may be impacted by the project and related activities and 
any actions being taken to reduce environmental impacts: 

• watershed resources (sediment, hydrology, water temperature, soil productivity) 
• biological resources (presence of threatened or endangered species, wildlife or habitat 

issues) 
• visual and recreational resources 

Further analysis will be required if consultation with resource specialists regarding past project 
number, size, and location in sensitive sub-basins dictates that further analysis is required, including 
possible CERA calculation at the sub-watershed scale.   
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For projects where the computed CERA exceeds 13% after project implementation, the project 
proponent will have to quantitatively “predict” potential impacts and “verify” that actual impacts did 
not exceed projected impacts through monitoring. Prediction could be based on extrapolation of 
empirical data (i.e., sediment budgets or studies of similar treatments in similar settings), modeling 
(e.g., WEPP FuME, SEDMODL2), or calculating a specific ERA using a smaller sub-basin of the larger 
planning watershed (i.e., second or third order watershed). Verification can be based on checklist type 
hillslope monitoring, recording physical evidence of rilling, gullying or sediment delivery at the project 
site after 1 or 2 winters and reporting results to CAL FIRE. Without pre-project data, water column 
monitoring is not likely to be feasible or useful, and is not recommended. 

Other Water Quality Mitigations 

Based on the underlying soils and geology, some watersheds are more sensitive than others to 
ground disturbance. Mitigation measures and management requirements presented in Section 5.7 are 
designed to reduce water quality effects and are also effective in reducing cumulative effects to water 
quality. Minimum Management Requirements (MMRs) included in the VTP include provisions that are 
designed to moderate potential effects to water quality. The MMRs establish minimum buffers on each 
side of Class I and II watercourses, from which heavy equipment is excluded and disturbance of 
vegetation providing shade to the stream is prevented. There are also provisions to restrict operation 
of heavy equipment on known or potentially unstable areas or saturated soils.  

To avoid significant cumulative effects from the use of herbicides in the Proposed Program or the 
program alternatives, the VTP program will adopt mitigations discussed in Chapter 5 and implement 
project level monitoring as discussed in Chapter 7. The use of buffers, Minimum Management 
Requirements, and landscape constraints are anticipated to reduce effects to a less than significant 
level. 

Landscape Constraints and Minimum Management Requirements place restrictions on operating 
in riparian areas on Class I and Class II watercourses. The following constraints will further reduce the 
likelihood of cumulative effects to water quality. 

Landscape Constraints – specific to water quality 

Landscape constraints 1, 2, and 3 are designed to protect water quality and act to constrain 
treatments from sensitive landscapes. See Chapter 2, Section 2.2 for additional information. 

1. A watercourse or lake protection zone (WLPZ) will be established on each side of all Class I and II 
watercourses (see Glossary for definitions) that is equal to the widths specified in the CA Forest 
Practice Rules, which vary between 75-150 feet on each side of Class I watercourses and from 50-100 
feet on each side of Class II watercourses. WLPZs are measured by slope distance from the high water 
mark of the watercourse. Vegetation significant to maintenance of watercourse shade will not be 
disturbed within Class I and II watercourses. Vegetation within and adjacent to Class III watercourses 
will be retained, as feasible, to protect water quality. 

2. Heavy earth-moving equipment will not operate within the WLPZ of any Class I or II watercourse, as 
indicated above (50 feet for all projects except CFIP projects) except at existing or designated 
crossings. An exception to this practice may be allowed when conducting fish and wildlife habitat 
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improvement or forestland conservation projects (see 3, below). Wider protection zones may be 
required on some sites if so indicated by environmental review of the project. 

3. Treatment of wet meadows, marshes, vernal pools, and other wet areas, as well as the use of wet 
areas as natural barriers for containing prescribed fire, are permitted when such projects will result in 
improvement of habitat for native plant and/or animal species. Necessary measures to minimize 
damage to wetlands will be incorporated into each such project. 

Minimum Management Requirements – specific to water quality 

See Chapter 2, Section 2.3 for additional information on Minimum Management Requirements. 

1. No tractors, trucks, cars, or other machinery will be serviced adjacent to lakes or watercourses, or 
within wet meadows and other wet areas, or in other areas where such servicing could allow grease, 
oil, fuel, or other toxic substances to enter lakes, watercourses, or wet areas. 

2. Heavy equipment will not operate on soils that are saturated. This means that equipment will not 
operate when soils are sufficiently wet that heavy equipment operations displace soils in amounts 
sufficient to cause a visible increase in turbidity to Class I, II, III, or IV waters or turbidity increases 
which would violate applicable water quality requirements. 

3. When drafting water from waterbodies containing special status fish, reptiles and amphibians (e.g. 
for standby firefighting equipment for prescribed fire, for watering roads, etc.) the applicants’ 
operations will generally conform to the current CA Forest Practice Rules for water drafting, at 14 CCR 
916.9(r) [936.9(r), 956.9(r)]. 

6.4.2 Cumulative Effects – Soils and Geology 

This section summarizes potential cumulative effects to soils and to geology due to implementing 
either the Proposed Program or any of the alternatives. 

Significance Criteria 

The same criteria used in Section 5.15 (Soils and Geology) is used to evaluate potential cumulative 
effects to soils and geology: 

a) Soil erosion rates, loss of topsoil, or soil quality; 
b) Exposure of people or structures to the risk of loss, injury, or death involving landslides; 
c) In a geologic unit or soil that is unstable, or that would become unstable as a result of the 

Program or Alternatives, and potentially result in on- or off-site landslides, lateral spreading, 
subsidence, liquefaction, or collapse. 

Thresholds of Determination 

The Program and Alternatives are considered to create a significant effect when a treatment or treatments 
causes: 

Cumulative effects on geologic hazards and soils from the program or any alternatives were 
considered significant if proposed treatments would: 

• substantially increase mass wasting in the form of landslides or other geologic hazards;  
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• substantially increase soil erosion rates; or 
• substantially reduce soil productivity. 

Impact Evaluation 

Cumulative effects to soils on private and public lands currently exist throughout the state from 
different types of land disturbance including: site disturbance (natural or anthropogenic); resource 
extraction (e.g., mining); livestock grazing; road construction; timber harvesting; wildfires; recreational 
activities; agriculture; and development. In addition, an increased frequency of high severity wildfires 
may also affect soil productivity through the loss of ground cover and accelerated post-fire erosion 
rates (Moody and Martin, 2001). 

The removal of biomass associated with fuel reduction projects can affect soil temperature and 
moisture, pH, organic matter, nutrients available for plant use, and susceptibility to erosion. 
Cumulative effects that occur in soils as a result of fire can manifest in significant changes in soil 
physical, chemical, or biological properties (Neary et al., 2005). Both wildfires and prescribed fires can 
result in increased soil exposure through partial or full removal of the vegetative canopy. Fires can 
cause nutrients to be lost from the site, either as gases or as part of the smoke. The weight and 
vibration from ground-based equipment can compact the soil, which can result in reduced water 
infiltration, reduced aeration, reduced root penetration, increased overland flow, and increased 
erosion (Page-Dumroese et al., 2010). Thinning of a Lake Tahoe Basin stand using a masticator revealed 
that there was no significant difference in soil compaction for 13 of 15 comparisons of soil profile 
resistance values at several distances from the machine track (Hatchett et al., 2006). While research is 
limited, mastication appears to be an effective thinning treatment for overstocked Lake Tahoe Basin 
timber stands with few negative impacts on soil compaction or soil erosion (Hatchett et al., 2006). In 
general, the magnitude of any soil changes increases with increased frequency and intensity of 
disturbance. 

Impacts from Mechanical Treatments 

Fuel reduction activities under the Vegetation Treatment Program are likely to involve repeated 
entries into forest stands or repeated burns to maintain fuel loads at a desired level over time. The use 
of heavy mechanical equipment to make multiple entries, as well as associated road maintenance and 
use, has the potential to generate impacts through site compaction and erosion (Robichaud et al., 
2010). In watersheds with mixed private and federal ownership there may be a cumulative impact 
from similar activities taking place on federal lands. As described in Curran et al., (2005), multiple stand 
entries over time can increase soil impacts so that cumulative effects at the stand and watershed scale 
become significant. 

The repeated entries that are needed to maintain desired fuel loads have the potential to produce 
cumulative effects through soil compaction, growing space loss, surface soil loss, and loss of organic 
matter. Site conditions are highly variable, making it difficult to assess impacts through a programmatic 
document. The development of BMPs is likely the best strategy for avoiding cumulative effects and 
protecting soil productivity for a program of this size and scope.  
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Impacts for Prescribed Burning 

Impacts from prescribed burning can vary from beneficial to negative depending on the severity of 
the burn. In addition to the surface temperature of the fire, the transfer of heat into the soil column 
also varies with the duration of exposure, soil water content, and soil pore distribution (Wohlgemuth, 
2006). Hatten et al., (2005) conducted a study in Ponderosa Pine / Douglas-fir forests in Washington 
State and found no significant differences in soil properties for unburned versus low severity burned 
sites. The authors state that, “a low severity prescribed fire, if similar to a lightning-strike fire, is likely 
to have little direct effect on the soils’ physical and chemical properties, suggesting that little effort will 
be needed for below ground restoration as long as efforts are made to minimize indirect effects on the 
soil.” 

The impact of prescribed burning on soil properties and nutrient dynamics has been studied in 
mixed conifer forests adjacent to Sequoia National Park. Research has shown that a large proportion of 
forest nutrients are retained in the litter (Stohlgren, 1988b). These nutrients are unavailable to plants 
until the litter is broken down and the nutrient elements are mineralized, which can occur through the 
action of soil organisms, or fire. St. John and Rundel (1976) determined that fire in the Sierra Nevada 
sequoia-mixed conifer forest caused a significant decrease in nitrogen, carbon, and cation exchange 
capacity, and a significant increase in phosphorus, calcium, magnesium, potassium, and pH. These 
authors concluded that fire was an effective mineralizing agent, and that despite the loss of some 
nutrients, fire generally enhanced the short-term nutritional environment for plants. The impact of fire 
may differ for other components of the soil. While studies conducted to date are limited, recent 
research has shown that prescribed fire in the Lake Tahoe basin had no effect on soluble reactive 
phosphate and only minimal effects on nitrate in stream waters (Stephens et al., 2005). An additional 
study found prescribed burning to result in a net decrease of inorganic N and P concentrations in 
surface runoff at a site near North Lake Tahoe (Loupe et al., 2007). 

Neary et al., (2005) developed a conceptual model representing watershed response along a 
continuum of low to high fire severity. In this model prescribed burning typically occurs under 
conditions with lower air temperature, higher relative humidity, higher soil moisture and variable fuel 
loadings. These conditions are expected to have lower fire intensities and result in less damage to soil 
and water resources. For example, in chaparral, sediment yields after moderate severity prescribed 
fires have been reported as generating approximately 10% of the sediment yields generated after high 
severity wildfires (Meixner and Wohlgemuth, 2004). 

Hydrophobic Soils  

Under certain conditions high severity fires can promote hydrophobic soils that greatly restrict 
water infiltration. This layer is impermeable and prevents water from reaching all but the first few 
inches of soil, but at the same time slows the process of evaporation in the root zone. The extent and 
depth of a hydrophobic layer will depend upon the type of soil present. Relatively dense clay soils tend 
to resist this condition; however, sandy and sandy loam soils appear to be far more susceptible to 
hydrophobic conditions (DeBano, 1987). Prescribed burning prescriptions typically are successful at 
keeping severity low enough to prevent formation of hydrophobic soils (DeBano, 1989).    

The depth at which these hydrophobic layers form is further the result of such factors as fire 
intensity, and the content of soil moisture levels (DeBano, 1987). The chaparral ecosystems in 
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Southern California are where these conditions are most likely to occur. Under these conditions water 
quickly saturates the thin layer of permeable soil above the hydrophobic zone not being slowed by a 
vegetative canopy. Slower infiltration rates result in an increased intensity of surface runoff and soil 
erosion. While hydrophobic soils affect watershed function, more recent research has shown that: 1) 
post-fire sediment yields are primarily due to the loss of surface cover rather than fire-enhanced soil 
water repellency; 2) surface cover is important because it inhibits soil sealing; and 3) the presence of 
ash temporarily prevents soil sealing and reduces post-fire runoff and sediment yields (Larsen et al., 
2009). 

Nutrient Cycling 

Nitrogen is often a limiting factor in plant growth. During wildfires nitrogen is released. The 
amount of nitrogen released is greatly influenced by the maximum surface temperatures associated 
with a wildfire. At higher temperatures nitrogen becomes volatized and escapes in gaseous forms. For 
prescribed burns, where temperatures remain low (seldom producing temperatures exceeding 200 oF), 
the release of nitrogen may encourage plant growth (Neary et al., 2005). 

A recent study in Ponderosa pine forests of Montana found that increasing nitrogen heterogeneity 
increased plant diversity (Gundale, 2006). Forest stands treated with prescribed fire exhibited greater 
nitrogen and plant diversity than control plots where fire had been excluded. No significant difference 
was found in plots where mechanical treatments were applied. 

Determination of Significance 

Impact 2a substantially increase unstable areas or other geologic hazards (thresholds B and C) 
Less than significant impact with mitigation 

Removal of vegetation through fuel reduction and other VTP projects can increase soil moisture 
retention by reducing evapo-transpiration rates and reducing interception losses. As soil moisture 
levels and pore water pressures increase, frictional forces between bedding planes and soil particles 
decrease, which increases the potential for landslides (California Division of Mines and Geology, 1997). 
The cumulative impact of multiple vegetation treatment projects within a single watershed in a short 
period of time may increase the potential for landslides, depending on the location of projects and the 
ability of project planning to avoid activities on landslide-prone hillslopes. The Proposed Program 
includes Minimum Management Requirements (MMRs) that restrict operation of heavy equipment of 
known or potentially active unstable areas or saturated soils.  

Project alternatives with prescribed fire and mechanical treatments both have the potential to 
increase risks of erosion and landslides through the removal of vegetation and a reduction in root 
strength. Alternatives that utilize grazing as a treatment method may have the least impact. 

Impact 2b substantially increase soil erosion rates or degrade soil productivity (thresholds A) 
No impact with mitigation 

Land disturbance and exposed soil from multiple vegetation treatments or other projects within a 
watershed has the potential to accelerate soil erosion rates. As described in the background Section, 
burning from fires has the potential to mobilize and volatize nutrients which through cumulative 
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treatments has the potential to affect soil productivity. The magnitude of these effects are largely site 
dependent and are best evaluated at the project scale (Page-Dumroese et al., 2010). 

Project alternatives that rely on prescribed fire as a primary treatment have the greatest potential 
to remove vegetation cover and expose soil. The use of mechanical treatments in Alternatives 1-4 may 
have effects on soil erosion through soil compaction and removal of surface cover. 

Mitigation Measure(s):  

- No additional mitigation measures beyond those listed in Section 5.15.1 through 5.15.13 

6.4.3 Cumulative Effects – Wildfire Severity and Extent 

This section evaluates potential cumulative effects of implementing the Proposed Program and 
Alternatives on wildfire severity and wildfire extent. Section 5.2 provides an evaluation of direct effects 
of the program and alternatives on wildfire severity. 

Significance Criteria 

The impact criteria and determination threshold used to evaluate potential cumulative effects on 
wildfire severity is the same as the criteria developed in Section 5.2. 

The Program and Alternatives would create a significant effect if treatments: 

a) Expose people or structures to the risk of loss, injury or death involving wildfires, including 
where wildlands are adjacent to urbanized areas or where residences are intermixed with 
wildlands. 

Determination Threshold  

The Program and Alternatives will have a significant adverse effect if treatments ultimately result 
in an: 

a) Increase of 50% or more in the short term size and intensity of individual fires; or 
b) Increase of 50% or more in the frequency of large-scale fires 

Fifty percent was chosen as the threshold because year-to-year differences are such that changes 
less than 50% are likely to be masked by the large variation of wildfire size and large-scale wildfire 
frequency both today and in the future. For instance, the yearly average acreage burned by wildfire in 
California since 1950 is 230,000 acres plus or minus 195,250 acres, which is a coefficient of variation of 
85%.  

Determination of Significance 

-Beneficial effect; no mitigation needed 

The effect of the program and alternatives on wildfire severity is evaluated in Section 5.2. The 
finding suggests that the program and alternatives all are unlikely to increase the frequency of wildfires 
and have the potential to decrease the number of high severity wildfires that occur. Federal agencies 
are also implementing projects aimed at reducing high severity wildfires. On federal lands 
approximately 250,000 acres of fuel treatments are implemented annually. When combined with the 
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annual (over ten years) average of 217,000 acres treated in the Proposed Program, roughly 467,000 
acres of vegetation could be expected to receive treatment annually. The combined cumulative effect 
of both federal and state programs should result in a beneficial effect by reducing the frequency of 
high severity wildfires. However, the degree to which fire severity is decreased is not known1. What is 
known is that over the last seven years fuel treatment projects have been concentrated in the Sierra 
and North Coast bioregions. A substantial number of acres have been treated in the Sacramento 
Valley, Modoc, and San Joaquin Valley bioregions as well. When combined with efforts from the 
proposed state program, these bioregions are most likely to see the greatest reductions in frequency 
of high severity fires. The Central Coast, South Coast, and desert bioregions have received far fewer 
treatments. Given the size of the proposed VTP program combined with similar fuel reduction projects 
on federal lands, it is unlikely that the Proposed Program will result in an increase (50% or more) in 
short-term size and intensity of individual fires or an increase (50% or more) in the frequency of large-
scale fires. 

Fuel reduction projects on private and public lands are being conducted not with the intent of 
eliminating wildfires, but with the intent of reducing the risk of high severity wildfires, particularly near 
areas with high asset values. These efforts to change wildfire behavior are relatively new and there are 
limited studies on the effects of fuel reduction projects. There are many examples of situations where 
fuel treatment projects have effectively reduced the intensity of a wildfire as it passed through a 
treated forest stand (Finney et al., 2005; Agee et al., 2000; Pollet and Omi, 2002; Murphy et al., 2007; 
Safford et al., 2009). Mechanical treatments have the ability to more precisely alter stand structure 
than does prescribed fire (Graham et al., 2004). 

Research has suggested that about 35% of a watershed needs to be treated over a 10 year time 
period to effectively change wildfire behavior (Finney, 2001). The proposed VTP program and similar 
federal programs for fuel reduction are still unlikely to achieve this target for most watersheds. With 
limited funds, fuel treatment projects are typically targeted for areas with high asset values.  

The proposed VTP program when combined with federal efforts for fuel reduction is likely to have 
a cumulative effect that is beneficial for watersheds where treatments are conducted and maintained. 
The beneficial effect is greatest for the Proposed Program and Alternatives 2 and 3, that are expected 
to treat about 217,000 acres annually in any given ten year period. Alternatives 1 (status quo) and 
Alternative 4 treat a fewer number of acres and the ability to reduce wildland fire is less. 

Mitigation(s) 

- No mitigations necessary. 

6.4.4 Cumulative Effects – Air Quality 

This section evaluates potential cumulative effects to air quality that may result from 
implementing the Proposed Program or any of the alternatives. (Table 6.4.3) 

                                            
1 Historically, it is estimated that the annual acreage burned prior to the arrival of European settlers (pre-1800) was 4.5 
million acres (Stephens et al., 2007).  
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Significance Criteria 

The following is a subset of the criteria presented in Section 5.6 (Air Quality) and used here to 
evaluate potential cumulative effects to air quality. Based on CEQA, Appendix G, cumulative effects to 
air quality are considered significant if the program or alternatives: 

a) Conflict with or obstruct implementation of the applicable air quality plan; 
b) Violate any air quality standard or contribute to an existing or projected air quality violation; 
c) Result in a cumulatively considerable net increase of any criteria pollutant for which the region 

is in non-attainment under an applicable federal or state ambient air quality standard, 
(including releasing emissions that exceed quantitative thresholds for ozone precursors); 

d) Expose sensitive receptors to substantial pollutant concentrations. 

Determination Threshold  

U.S. EPA and California Air Resources Board (CARB) each establish ambient air quality standards 
(NAAQS and CAAQS) for the following pollutants: ozone (O2), Carbon Monoxide (CO), Particulate 
Matter (PM10), Nitrogen Dioxide (NO2), and Sulfur Dioxide (SO2). Air quality standards are presented 
in Chapter 5, Table 5.6.1. Appendix A and Chapter 4 are also applicable in evaluating cumulative effects 
to air quality. 

Impact Evaluation 

Prescribed burning is an essential tool for restoring and maintaining the health of fire dependent 
ecosystems. However, as discussed in Section 5.6 (Table 5.6.4), prescribed burning is also the primary 
treatment method that has the greatest potential to impact air quality. Other treatment methods 
(mechanical, hand, herbicides, and herbivory) are considered to have minor effects to air quality that 
are considered less than significant. 

Emissions (see Section 5.6, Air Quality) for the Proposed Program was estimated by determining 
the total fuel load (tons/acre) for each vegetation type, determining the fuel consumption value, and 
then applying the emissions factor that corresponds to the appropriate fuel type.  

Emissions data is also presented in the environmental setting (Section 4.6). To examine potential 
cumulative effects from prescribed burning, emissions were estimated for prescribed burns that took 
place in 2005 on both private and federal lands (Table 6.4.3). Projects on private and state lands are 
vegetation management projects that CAL FIRE undertook. In 2005, a total of 266 prescribed burns 
were recorded. Of these, 44 projects were CAL FIRE funded projects, and 212 were federal projects 
(USFS, BLM, NPS, and Military). With fewer projects a much smaller portion of the total emissions were 
associated with CAL FIRE prescribed fire projects. For example, prescribed burning under CAL FIRE 
represented 24% of total emissions for PM10 and 46% for PM2.5. There were however regional 
differences. The greatest concentration of CAL FIRE projects, and sources of emissions, was located in 
the North Central Coast, South Central Coast, and Sacramento Valley Air Basins. Conversely, there were 
no federal prescribed burns in the Central Coast Air Basins. The greatest emission sources from federal 
prescribed fires were located within the Sacramento Valley, Northeast Plateau, and Mountain Counties 
Air Basins. 
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Table 6.4.3  
Emissions Estimates for Prescribed Burn Projects that were Recorded in 2005 
(Units are in Total Tons) 
BASIN  Emission Type 
PRIVATE or STATE PM10 PM2.5 CO2 CO SO2 NOX NMHC CH4 
 Great Basin Valleys  - - - - - - - - 
 Lake County  3 2 404 20 0 2 2 1 
 Lake Tahoe  0 0 22 2 0 0 0 0 
 Mountain Counties  5 5 781 50 0 2 3 2 
 North Central Coast  209 178 33,235 1,667 9 125 195 68 
 North Coast  2 2 310 17 0 1 1 1 
 Northeast Plateau  - - - - - - - - 
 Sacramento Valley  111 94 17,774 890 5 65 101 38 
 San Diego County  12 11 2,068 95 1 8 12 4 
 San Francisco Bay  9 8 1,494 73 0 5 8 3 
 San Joaquin Valley  - - - - - - - - 
 South Central Coast  64 55 10,481 499 3 41 62 20 
 South Coast  6 5 1,222 48 0 4 5 3 
Sub-Total  421 359 67,791 3,360 18 253 389 141 
Percent of Total 24% 46% 26% 8% 26% 37% 36% 20% 
BASIN Emission Type 
FEDERAL  PM_10 PM_2.5 CO2 CO SO2 Nox NMHC CH4 
 Great Basin Valleys  78 52 12,172 1,204 3 42 65 27 
 Lake County  28 17 4,028 474 1 11 18 12 
 Lake Tahoe  - - - - - - - - 
 Mountain Counties  319 51 43,991 11,696 12 77 123 150 
 North Central Coast  - - - - - - - - 
 North Coast  15 8 2,259 313 1 7 10 6 
 Northeast Plateau  315 89 45,264 10,003 12 103 162 137 
 Sacramento Valley  366 148 53,862 9,696 15 142 222 150 
 San Diego County  - - - - - - - - 
 San Francisco Bay  5 4 782 36 0 3 4 2 
 San Joaquin Valley  180 55 25,698 5,556 7 55 88 81 
 South Central Coast  - - - - - - - - 
 South Coast  0 0 39 2 0 0 0 0 
Sub-Total  1,307 424 188,094 38,980 51 439 692 565 
Percent of Total 76% 54% 74% 92% 74% 63% 64% 80% 
Total 1,728 783 255,885 42,340 69 692 1,081 706 

 

Contribution of the VTP program to Air Quality Emissions 

Table 6.4.4 compares estimated emissions from the proposed VTP program with other sources. 
Baseline conditions are represented for 2005 and future conditions with the impact of the VTP 
program are estimated for 2010. For all pollutants the cumulative addition of emissions from the VTP 
program was less than 1% of total emissions. Overall emissions from Carbon Monoxide (CO) are shown 
to decrease between 2005 and 2010 due to reductions in emissions from mobile sources. The 
additional cumulative impact of the VTP is 0.6% of total CO emissions. Particulate matter, PM10 and 
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PM2.5, are both expected to show moderate increases between 2005 and 2010. The additional 
cumulative impact of the VTP program is 0.3% for PM10 and 0.7% for PM2.5. There is no overall 
increase expected for nitrogen dioxide (NO2) and a slight increase expected for sulfur dioxide (SO2). 
The expected contribution of the VTP program beyond the status quo is 0.1% of total emissions for 
both NO2 and SO2.  

Table 6.4.4 
Air Quality from All Sources 

Ca
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 CO 

Mobile 
Sources 

Area Sources: 
Rx Burning 
(Existing) 

Area Sources: 
VTP Proposed 

Area Sources: 
Ag Burning 

Stationary 
Sources 

Other 
Sources 

Total From All 
Sources 

CO 2005 
(ton/yr) 

 4,080,222    639,089   60,656  106,405    138,080  5,024,451  

% of Total 81.2% 12.7%  1.2% 2.1% 2.7% 100% 

CO 2010 
(ton/yr) 

 3,198,123  649,474  23,883  59,907    112,690    143,507   4,187,584  

% of Total 76.4% 15.5% 0.6% 1.4% 2.7% 3.4% 100% 

Pa
rt

ic
ul
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M
at

te
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0 PM10 2005 
(ton/yr) 

 40,767   63,006    562,042    117,928   23,670   807,413  

% of Total 5.0% 7.8%  69.6% 14.6% 2.9% 100% 
PM10 2010 

(ton/yr) 
 41,595    63,919   2,690    566,706   126,838  23,634   825,382  

%of Total 5.0% 7.7% 0.3% 68.7% 15.4% 2.9% 100% 

Pa
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M
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r 2

.5
 PM2.5 2005 

(ton/yr) 
33,087    56,214     178,032    27,156   20,834   315,324  

% of Total 10.5% 17.8%  56.5% 8.6% 6.6% 100% 
PM2.5 2010 

(ton/yr) 
 33,474    57,079   2,367    180,336    29,335   20,725   323,315  

% of Total 
10.4% 17.7% 0.7% 55.8% 9.1% 6.4% 100% 

N
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 NO2 2005 
(ton/yr) 

 952,077    10,859    19,090    148,529   44,519   1,175,074  

% of Total 81.0% 0.9%  1.6% 12.7% 3.8% 100% 

NO2 2010 
(ton/yr)  775,249    1  1343  16,312    153,150   44,501   1,001,750  

% of Total 77.4% 1.1% 0.1% 1.6% 15.3% 4.4% 100% 

Su
lfu

r D
io
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de

 SO2 2005 
(ton/yr) 

 86,567    2,493    4,015   14,768   2,365   110,208  

% of Total 78.6% 2.3%  3.6% 13.3% 2.1% 100% 
SO2 2010 
(ton/yr) 

 96,955    2,493  117  4,037  17,129   2,026   122,640  

% of Total 79.1% 2.0% 0.1% 3.3% 14.0% 1.7% 100% 

 Source: CARB, 2005 
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Comparison of Alternatives 

As shown in Table 3.10, the Proposed Program treats on average 217,000 acres per year over a ten 
year period, and is likely to result in higher emissions through the increased use of prescribed fire (53% 
of total acres), but also has the greatest potential to reduce high severity fires through a greater 
reduction in fuel loads (see Section 5.6 for estimated reduction in emissions from wildfires). Alternative 
1 (status quo) uses prescribed fire as a treatment at a higher rate than the Proposed Program (63%), 
but treats a smaller number of acres (47,000 per year average over a decade). Alternative 4, treats 
fewer acres (93,000 average per year over 10 years) and reduces the use of prescribed fire (8% of total 
acres treated), and is likely to have the lowest contribution to air pollution. However, by treating fewer 
acres it is less likely to reduce the frequency of high severity wild fires. Alternatives 2 and 3 operate 
under the same cap as the Proposed Program and would be expected to have the similar impact on air 
pollution. See Table 5.6.6 for a comparison of pollutants emitted by alternative. 

Determination of Significance 

With many of California’s air basins in non-attainment for PM10 and Ozone, the program is likely 
to be operating in an impaired environment and has the potential to add to the cumulative effects 
already present. Given the distribution of federal lands, cumulative effects to air quality are most likely 
to occur in the Mountain Counties, Sacramento Valley and San Joaquin Valley. 

The use of prescribed fire is necessary both to protect communities (people and structures) and to 
maintain the health of fire dependent ecosystems. Prescribed burns both on private and federal lands 
are intended to reduce hazardous fuel loads and reduce the risk of high severity fires. Chapter 5, Tables 
5.6.7 and 5.6.8 summarize potential reductions in emissions from wildfires as a result of the Proposed 
Program. The analysis suggests that treatments from the Proposed Program could reduce wildfire 
severity from severe to low/moderate on 29,000 acres (average burned annually). The analysis 
suggests that the estimated reduction in severe wildfires could decrease CO emissions by 36,000 tons, 
PM10 by 3,100 tons and PM2.5 by 2,500 tons. These are considered rough estimates with a low level 
of certainty. Due to the complexity of wildfire behavior and limited information on federal lands, the 
cumulative effect of a potential reduction in air pollutants, as a result of decreases in high severity 
wildfires from implementing fuel treatments across all lands was not evaluated quantitatively. As 
stated in Chapter 5, there is a likely reduction in high severity wildfires from implementing fuel 
reduction projects, but presently this cannot be predicted with a high degree of certainty. 

Until a substantial number of fuel reduction projects are implemented that effectively reduce the 
frequency of high severity fires, it is possible that without effective mitigations air pollution may 
increase. This may result in an increase in emissions from a short term increase in prescribed burning 
coupled with the same or higher level of wildland fires. In the long run, it is anticipated that there will 
be a cumulative effect that is beneficial (i.e., reduction in air pollutants) with a noticeable decrease in 
the frequency of wildland fires. 

Impact A: Air Quality Cumulative Effects (violate any air quality standard) 
- Less than significant impact with mitigations 

Section 5.6 (Air Quality) found that emissions from five of six criteria pollutants in the Proposed 
Program may exceed thresholds for CO, PM10 and ozone precursors (NMHCs) in all air basins except 
for the Lake Tahoe Air Basin. The findings state that this is a potentially significant effect because total 
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emission of criteria pollutants will likely exceed California’s Ambient Air Quality Standards. However, 
when compared to other sources, the additional emissions from the proposed VTP program are 
relatively small and represent less than 1% of total emissions for all criteria pollutants (see Table 6.4.4). 

Prescribed fire in combination with other management techniques is needed to restore wildland 
forests and to reduce the buildup of fuels and the risk of high severity wild fires. Given the current 
concerns about increased risks of wildland fires it is likely that the use of prescribed fire will increase 
over the next decade on both private and federal lands. Unfortunately, prescribed fire has the 
potential to degrade ambient air quality, impact visual quality and temporarily expose the public to 
unhealthy pollutants. Regulatory agencies and the public must balance the trade-off between the 
shorter term effects associated with prescribed fire and the longer terms effects associated with 
increases in number and frequency of high severity wildland fires. With the increased use of prescribed 
burning, the potential exists for cumulative impacts to air quality which will require appropriate 
mitigations. 

The potential also exists for longer term beneficial effects. To the degree that fuel treatment 
projects on private and federal lands can reduce the size and frequency of wildfires there should be 
reductions in air pollution from wildfires. Studies have shown that emissions from wildfires are 30% - 
40% greater than that of prescribed burns (Ahuja, 2006). In addition, the potential particulate matter 
(PM10) from a wildfire is twice the amount as from a prescribed fire of the same size. As more and 
more areas are treated and maintained over time there should be a reduction in the frequency of large 
high severity fires and a corresponding reduction in air pollution from wildfires. 

In the short-term the increased use of prescribed fire through the state VTP and federal projects 
may contribute to adverse cumulative impacts on air quality in Air Basins that are currently impaired. 
However, the expected emissions from the VTP program are relatively small compared to all other 
existing sources (see Table 6.4.4). In addition, there are many existing programs in place to minimize 
impacts to air quality from prescribed burning. California's Smoke Management Program addresses 
potentially harmful smoke impacts from prescribed burning on forest and range land. The Smoke 
Management Guidelines for Agricultural and Prescribed Burning (CARB, Title 17) allows for the 
controlled use of prescribed burning while establishing specific protocols that minimize environmental 
impacts (California Air Resources Board (CARB)). Under these guidelines the ARB determines 
permissive burn days. This measure reduces the likelihood of burning occurring in impaired conditions, 
where the proposed project is likely to further degrade air quality, and add to an adverse cumulative 
impact. In addition, a Burn Plan is required for all prescribed burn projects greater than 10 acres. 
Through the development of Burn Plans, and compliance with all other elements of title 17, VTP burn 
projects will be designed to minimize air quality impacts. Title 17 has a number of requirements 
designed to reduce smoke impacts that include: submittal of a Smoke Management Plan, checking 
meteorological conditions, evaluation of alternatives, public notification, monitoring, and coordination 
with the Air Resources Board or local Air District. The specific requirements in Title 17 for prescribed 
burning can be found on the CARB web site: www.arb.ca.gov/smp/smp.htm.  

With these existing regulations and mitigation measures in place, the impact of the VTP program 
on air quality will be reduced to a level that is less than significant. 
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Impact B Air Quality Cumulative Effects – Visibility  

- Less than significant; no mitigation necessary 
(see Sections 4.6.6 and 5.6 for additional information) 

Smoke from wildfires and prescribed fires can have a cumulative impact that leads to poor local 
visibility and regional haze. The regional haze rule, developed by the U.S. EPA, is a set of regulations 
that require states to review how pollution emissions across a broad region within the state affect 
visibility in Class I areas (EPA, 1999). Class I areas include national parks and wilderness areas. These 
rules also require states to make reasonable progress in reducing effects of this pollution on visibility 
conditions in Class I areas and to prevent future impairment of visibility. The state is required by the 
rule to find a way to improve air quality in class I areas from current condition to natural condition 
within 60 years. Natural condition is a term used in the Clean Air Act (CAA) that refers to the condition 
where no human-caused pollution impairs visibility. 

Visibility is an important public welfare consideration because of its significance to enjoyment of 
daily activities in all parts of the country. Protection of visibility as a public welfare consideration is 
addressed nationally through the secondary PM NAAQS, which are equivalent to the primary PM 
NAAQS. Visibility protection is particularly important in the 29 mandatory Class I Federal areas, “Areas 
of Great Scenic Importance,” and is addressed for these areas by the special provisions of Sections 
169A and 169 B of the CAA. 

The Western Regional Air Partnership (WRAP) is developing guidelines for enhanced smoke 
management through the Fire Emission Joint Forum. States will utilize these guidelines to develop a 
state implementation plan (SIP) for visibility, as is required under the regional haze rule. WRAP 
considers that prescribed burns conducted for ecosystem maintenance and wildfires that are allowed 
to burn to restore native vegetation are part of the natural condition that is expected to occur across 
the landscape (Ahuja, 2006).  

CAL FIRE prescribed burns require a Smoke Management Plan (SMP). This is typically done with 
consultation from local Air Districts. The plans should help mitigate and avoid excessive contributions 
to regional haze and long term effects to visibility. SMPs establish a basic framework of procedures and 
requirements for managing smoke from fires managed for resource benefits. The purposes of SMPs are 
to mitigate the nuisance and public safety hazards posed by smoke intrusions into populated areas; to 
prevent deterioration of air quality and NAAQS violations; and to address visibility effects in mandatory 
Class I Federal areas. Smoke Management Plans are designed to minimize emission of air pollutants 
and operate under conditions that are favorable for smoke dispersion. 

Prescribed fire combined with naturally occurring wildfires has the potential to cumulatively 
contribute to reductions in visibility. However, since fire is a naturally occurring feature on the 
landscape it is difficult to separate the two, particularly in cases where prescribed fire is used as a tool 
for ecosystem maintenance. In addition, the visible impairments from prescribed burns are in most 
cases a short term impact (1-2 days). The small size of the projects compared to the much larger 
contribution of wildfires makes the contribution less than significant. Any mitigations that are needed 
will be incorporated into Smoke Management Plans. 
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Mitigation(s) 

The following Minimum Management Requirements address potential cumulative effects from air 
quality and should lessen the potential for cumulative effects to air quality: 

MMR 3 - All state and local air quality regulations and ordinances will be complied with and the 
local Air Pollution Control District (APCD) or Air Quality Management District (AQMD) will be 
contacted to determine local requirements (and/or potential exemptions for fuels reduction 
projects). 

MMR 4 - Burning will only occur on Burn Days as determined by the Air Resources Board except 
1) in areas declared to be fire hazards, or 2) if a permit to burn on No-Burn Days has been obtained 
from an Air Pollution Control District based on a determination that denial to burn would threaten 
imminent and substantial economic loss. 

In addition, the California Air Resources Board (CARB) has developed a Prescribed Fire Incident 
Reporting System (PFIRS). PFIRS is a web-based system that allows land managers to enter information 
that is part of a Smoke Management Plan. VTP projects that use prescribed burning as a treatment will 
be required to submit project level information to the PFIRS database. This will allow CARB, CAL FIRE, 
and other responsible entities to evaluate emissions and potential cumulative effects from multiple 
burn projects. 

6.4.5 Cumulative Effects – Archeological and Cultural Resources 

This section evaluates potential cumulative effects to archeological and cultural resources that 
may result from implementing the Proposed Program or any of the alternatives. 

Significance Criteria 

The significance criteria and thresholds used for evaluating archeological and cultural resources in 
Section 5.8 are appropriate for addressing cumulative effects as well. 

Appendix G of the CEQA Guidelines, the CEQA Environmental Checklist, specifies that the Program 
and Alternatives would have a significant adverse effect to prehistoric, historic, and paleontological 
resources if any of them would:  

a) Cause an adverse change in the significance of a historical resource, as defined in Section 
15064.5 of the California Environmental Quality Act Deskbook (Bass et al., 1999); 

b) Cause an adverse change in the significance of an archaeological resource, pursuant to Section 
15064.5 of the CEQA Deskbook; 

c) Directly or indirectly destroy a unique paleontological resource or site or unique geologic 
feature; 

d) Disturb any human remains; including those interred outside of formal cemeteries. 
e) Cause an adverse change to locations associated with the traditional beliefs of Native 

Americans, including areas used or assumed to be used for ceremonial activities, or 
f) Cause an adverse change to locations and or resources used by Native Americans to carry out 

or support economic, artistic, or other cultural practices.  
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Determination Threshold 

The thresholds used are the same as those presented in Section 5.8.2. 

Archaeological Resource 

Any change in the classification or potential classification of an archaeological resource that 
reduces it from significant or potentially significant (in the historical sense, as described above) to less 
than significant is considered a significant adverse impact (in environmental assessment terminology) 
from the program. 

Historical Resource 

A “substantial adverse change” in the significance of an historical resource means physical 
demolition, destruction, relocation, or alteration of the resource or its immediate surroundings such 
that the significance of an historical resource would be materially impaired. 

The significance of an historical resource is materially impaired when a project demolishes or 
materially alters in an adverse manner the physical characteristics of a historical resource so that it 
would no longer be included in the California Register of Historic Places or a local register of historical 
resources (Bass et al., 1999). The criteria for listing are included in Section 4.8.2 of this document. 

Ethnographic Resource 

An adverse change to an ethnographic resource is one that would lessen the ability of Native 
Americans to access traditional sites, as defined above, or to utilize such sites or the resources therein 
for their traditional purposes. 

Determination of Significance 

- No significant impact (see Section 5.8 for details) 

Section 5.8, addresses potential effects to cultural resources that include: prehistoric, historic, 
ethnographic, and paleontological. Given the abundance of cultural resources across the state, the 
increase in vegetation treatments that would result from the Proposed Program and alternatives has 
the potential to contribute to a cumulative effect. The potential impact from different treatment 
methods and appropriate management methods to prevent significant adverse effects are addressed 
in Section 5.8. The review procedures as described in Archaeological Review Procedures for CAL FIRE 
Projects (January, 2003, updated November, 2006), and included under Minimum Management 
Requirement 7, include an evaluation of the potential for cumulative effects. With the increased 
number of prescribed burns and other vegetation management projects on private and federal lands, 
the potential exists that archaeological, historical and ethnographic resources could be disturbed with 
a greater frequency and hence the impact could be cumulative. The CAL FIRE project protocol, which 
includes review by professional archaeologists as needed, and the Minimum Management 
Requirement (MMR 7) should reduce the impact to less than significant. See Section 5.8 for additional 
information on the CAL FIRE protocol for archaeological review. 

Mitigation(s) 

No mitigation measures required.  
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6.4.6 Cumulative Effects – Visual / Aesthetic Resources 

This section summarizes the effects to visual and aesthetic resources due to implementing either 
the Proposed Program or any of the alternatives. Program effects to visual and aesthetic resources are 
analyzed in Section 5.13. The following significance criteria and thresholds were identified and are used 
here to evaluate potential cumulative effects. 

Significance Criteria 

The significance criteria and thresholds used for evaluating archeological and cultural resources in 
Section 5.8 are appropriate for addressing cumulative effects as well. According to Appendix G of the 
CEQA Guidelines: the CEQA Environmental Checklist, an aesthetic impact would be considered 
significant if the Program and Alternatives would: 

a) Have an adverse effect on a scenic vista, 
b) Damage scenic resources, including, but not limited to, trees, rock outcroppings, and historic 

buildings within a state scenic highway, 
c) Degrade the existing visual character or quality of the site and its surroundings. 

Determination Threshold 

Visual effects from the program would be considered significant if the acreage of treatments 
causing adverse and long term effects, as determined through the analysis process, exceeds more than 
10% of the scenic byways viewshed acreage within that bioregion in any 10 year period. 

Determination of Significance 

 - Less than significant; no mitigations needed 

Visual effects from vegetation treatments tend to have very localized and project specific effects. 
Treatments effects that may impair visual or aesthetic conditions in one location don’t combine to 
degrade conditions at another location. When treatments occur in the same area they may 
cumulatively add to the total amount of viewshed acreage that is temporarily impaired. The perceived 
impact to visual quality varies substantially with the treatment method. Scorched ground and tree 
trunks from a prescribed fire are likely to be viewed negatively, especially if the fire kills overstory 
trees. However, this is not a permanent impact. Studies have shown that the perception of visual 
quality of a forested area can improve within one to two years following a low intensity prescribed fire 
(Jakes, 2006a). Mechanical treatments also can affect visual quality.  

The public tends to perceive clearcuts negatively (Bliss, 2000), while thinning that reduces stand 
density has been shown to improve visual quality (Jakes, 2006b). Treatment of slash is another factor 
that affects visual quality. Studies have shown that increasing amounts of slash and downed woody 
material decrease the perception of visual quality. 

The threshold of 10% or more of the viewshed acreage in a bioregion in a 10 year time period is a 
measure of the potential cumulative effects of the program. The findings resulted in a determination of 
a negligible or less than significant impact. At a programmatic level there is unlikely to be a noticeable 
impact at the bioregion or state level. Any project level effects are likely to be short-term effects to 
visual resources that results from vegetation treatments. In addition, many projects occur on private 
lands where public access is limited and the opportunity for visual impairments is less likely. 
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Prescribed burn projects generate smoke which has the potential to contribute to short term 
effects to visibility and longer term effects to regional haze. These issues are addressed in Sections 4.6, 
5.6, and under cumulative effects to air quality. Consistent with the findings in Section 5.6, the 
cumulative effects to visual resources are considered less than significant. 

Mitigation(s) 

- No mitigations needed. 

6.4.7 Cumulative Effects – Noise 

This section evaluates potential cumulative effects to noise due to implementing either the 
Proposed Program or any of the alternatives. Program effects to noise are analyzed in Section 5.12. 
Evaluation of cumulative effects to noise is based on the same criteria and thresholds presented in 
Sections 5.12.1 and 5.12.2. 

Significance Criteria 

The significance criteria and thresholds used for evaluating noise in Section 5.12 are appropriate 
for addressing cumulative effects as well. 

Noise effects would be considered significant if the Program and the Alternatives would cause: 

A. Exposure of persons to or generation of noise levels in excess of standards established in 
the local general plan or noise ordinance, or applicable standards of other agencies;  

B. Exposure of persons to, or generation of, excessive ground-borne vibration or ground-borne 
noise levels; 

C. Substantial permanent increase in ambient noise levels in the project vicinity (above levels 
existing without the project); or 

D. Substantial temporary increase in ambient noise levels in the project vicinity (above levels 
existing without the project). 

Determination Threshold 

The Program and Alternatives are evaluated using thresholds established in Section 5.12 and are 
considered to create a significant effect when a treatment or treatments creates:  

A. Noise in excess of 90 dBA at 50 feet, or in excess of 65 dBA at 1,600 feet at sensitive 
receptors (e.g. schools, residential units, churches, libraries, commercial lodging facilities, 
and hospitals, or care facilities).  

B. Noise levels in excess of 70 dBA Ldn.  
C. The Program and Alternatives are considered to create moderately adverse effects when 

noise levels are between 60 and 70 dBA Ldn (State Office of Noise Control 1976). 
Potential effects related to noise from proposed project activities, or any of the alternatives, are 

described in Section 5.12 (Noise). That section discusses the potential for noise effects from 
management activities that include: mowing, operating heavy machinery (dozers, excavators, etc.), 
chain saws, trucks, helicopters, and hand equipment. Noise effects occur only if the noise is heard or 
felt by a receptor. Sensitive human receptor concerns given particular consideration in Section 5.12.4 
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are recreation areas and residential areas. Wildlife also can be a sensitive noise receptor, particularly 
during the reproduction season (see Table 4.12.2). 

Disturbances associated with mechanical treatments could be substantial, though short in 
duration. Equipment associated with mechanical treatments can generate noise levels ranging from 
approximately 75 to 90 dBA at 50 feet, depending upon the equipment being used. Typical operating 
cycles may involve two minutes of full-power operation, followed by three or four minutes of 
operation at lower levels. With most projects occurring in rural areas, it is unlikely that project noise 
will combine with other sources of noise to create a chronic or persistent impact. VTP projects 
particularly within WUI could have a cumulative impact to noise. However, the effects are short lived 
and implementing management measures should reduce the impact to less than significant. 

For a cumulative noise related effect, VTP projects would need to add to existing ambient noise 
levels to cause a significant adverse impact, or that noise from two or more individual projects 
combines to create such an impact. Standards for what constitutes a significant cumulative noise 
impact in rural forest and range settings, where most projects occur, are not well defined. For effects 
to occur, cumulative noise must be heard or felt. 

Determination of Significance 

Implementation of the VTP Proposed Program or any of the alternatives will not result in a 
measurable bioregional cumulative effect contribution to noise after mitigation measures are applied 
at the project scale. The majority of projects will occur in remote areas and VTP projects occurring 
concurrently with other noise producing land management activities are expected to be few in number 
and are generally undeterminable at the scale of the bioregion.  

Substantial permanent or temporary increase in ambient noise levels or exposure of persons to 
noise or vibration levels above applicable local general plan, noise ordinance or other agency standards 
are not expected with the application of project specific mitigation measures and are similarly not 
cumulatively measurable when assessed at the scale of the bioregion. When examined at the scale of a 
bioregion, VTP projects typically occur in a wildland or wildland/urban interface setting. The vast 
majority of the noise generated from the Proposed Program and Alternatives is located significant 
distances away from sensitive receptors. Noise effects arising from the Proposed Program or any of the 
alternatives are of short duration (<10 weeks per project on average) and limited to typical workday 
hours that may also be seasonally limited. Additionally, VTP projects are expected to be relatively few 
in number and occurrence. For the Proposed Program, on an annual basis, 88% of watersheds within 
the program area will not receive any VTP treatments. For the 12% of watersheds that do support a 
VTP project, 98% of them will receive 3 treatments or less and most (83%) will only receive 1 treatment 
annually (Table 5.0.6). 

Some projects will likely occur in the WUI (Wildland/Urban Interface) where operations could 
occur adjacent to residences and other sensitive receptors. Noise in these situations is generally 
recognized as a necessary element toward achievement of other desirable land condition objectives. 
Few VTP projects are expected to occur immediately subsequent to other noise generating land 
management activities and thus the cumulative duration of noise generation is negligible. It is highly 
unlikely that a single residential or commercial area will be affected by the noise from more than one 
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watershed treated annually and concurrent with or subsequent to other noise generating land 
management activities.  

The cumulative contribution to duration of unwanted noise levels to sensitive receptors is 
negligible at the scale of the bioregion. Adoption of Proposed Program mitigation measures reduces 
individual project level effects to a negligible level that are unlikely to create a cumulative impact to 
baseline noise levels. Mitigation measures are presented in Section 5.12.9. No contribution to 
cumulative duration of noise effects is expected. 

Mitigation(s) 

- No additional mitigation is needed beyond those listed 5.12.9. 

6.4.8 Cumulative Effects – Transportation 

This section evaluates potential cumulative effects to transportation due to implementing either 
the Proposed Program or any of the alternatives. Program effects to transportation are analyzed in 
Section 5.10. Evaluation of cumulative effects to transportation is based on the same criteria and 
thresholds presented in Sections 5.10.1 and 5.10.2. 

Significance Criteria 

A cumulative effect will be considered significant if results of the analysis indicate that any of the 
following criteria will be met due to implementation of the Program or Alternatives:  

1. An increase in traffic that is substantial in relation to the existing traffic load and capacity of 
the street system (i.e., result in a substantial increase in either the number of vehicle trips, the 
volume to capacity ratio on roads, or congestion at intersections).  

2. Exceed, either individually or cumulatively, a level of service standard established by the 
county congestion management agency for designated roads or highways. 

Determination Threshold 

The following threshold is used to determine whether there is a substantial adverse effect to local 
residential or commercial development due to traffic generated by the Program or any of the 
Alternatives: 

• Traffic increases in excess of 10% Average Daily Trips (ADT) of the capacity of roads that serve 
residential and/or commercial areas near project areas. 

Potential effects related to transportation from proposed project activities, or any of the 
alternatives, are described in Section 5.10 (Transportation/Traffic). That section discusses the potential 
for transportation effects associated with increases in traffic volume associated with trips to and from 
the project site. The findings suggest that most projects are likely to have 5-10 vehicles traveling to and 
from the work site each day, which result in 10-20 average daily trips (ADT) per project. 

Implementation of the VTP Proposed Program or any of the alternatives will not result in a 
measurable cumulative effect contribution to traffic volume. No substantial increase in vehicle trips, 
volume to capacity ratio or increase in intersection congestion is detectable at the scale of the 
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bioregion. Similarly, no cumulative effect contribution to level of service standards established by 
county congestion management agency for roads or highways is detectable at the scale of the 
bioregion. The majority of projects will occur in remote areas and background traffic and 
transportation levels on these road systems are generally well below road capacity.  

Individual VTP projects conducted under any alternative may have local and short-term effects on 
transportation/traffic impact measures. These effects may be detectable at the scale of the project and 
are mitigated to negligible or less than significant levels as a part of project planning and 
implementation at that scale of analysis. For the Proposed Program, on an annual basis, 88% of 
watersheds within the program area will not receive any VTP treatments. For the 12% of watersheds 
that do support a VTP project, 98% of them will receive 3 treatments or less and most (83%) will only 
receive 1 treatment annually. Additionally, the number of ADT generated per project is expected to be 
well below the capacity of typical low volume roads. It is highly unlikely that vehicle traffic associated 
with VTP project implementation will occur concurrently with other land management activities in a 
remote wildland setting and utilizing the same or redundant portions of an established road system. 

Determination of Significance 

No significant cumulative effects are expected from implementing the Program or any of the 
Alternatives. 

Mitigation(s) 

- No mitigation necessary beyond those listed in Section 5.10.8. 

6.4.9 Cumulative Effects – Population and Housing 

This section summarizes the potential for cumulative effects to Population and Housing due to 
implementing either the Proposed Program or any of the alternatives. Program effects to Population 
and Housing are analyzed in Section 5.9. The following significance criteria and threshold were 
identified and are used here to evaluate potential cumulative effects. 

Significance Criteria 

Appendix G of the CEQA Guidelines, the CEQA Environmental Checklist, contains only one 
question, which is relevant to the VTP program. The Program and Alternatives would be considered to 
create a significant effect if treatments: 

Induce substantial population growth in an area, either directly (for example, by 
proposing new homes and businesses) or indirectly (for example, through extension of 
roads or other infrastructure). 

Determination Threshold 

As stated in Section 5.9.3, there is not an accepted threshold for evaluating a significant change in 
population. Population increases less than 0.5% were considered negligible.  
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Determination of Significance 

There is no growth inducing effects associated with VTP projects. The only changes to population, 
as discussed in Section 5.9.3, are temporary increases associated with workers traveling into an area to 
complete a vegetation management project. 

No significant cumulative effects are expected from implementing the Program or any of the 
Alternatives. 

Mitigation(s) 

- No mitigation necessary. 

6.4.10 Cumulative Effects – Recreation 

This section summarizes the potential for cumulative effects to Recreation due to implementing 
either the Proposed Program or any of the Alternatives. Program effects to Recreation are analyzed in 
Section 5.14. The same significance criteria and thresholds that were identified in Section 5.14.1 and 
Section 5.14.3 are used here to evaluate potential cumulative effects. 

Significance Criteria  

Appendix G of the CEQA Guidelines, the CEQA Environmental Checklist, poses the following 
questions to be considered in determining whether the Program or Alternatives would cause 
significant effects to recreation: 

The Program and Alternatives would create significant effects if they would: 

a) Reduce quality of recreational experience resulting from presence of highly visible blackened 
areas; 

b) Reduce quality of recreational experience resulting from presence of highly visible areas cleared 
of vegetation by mechanical or manual treatments; 

c) Reduce quality of recreational experience resulting from presence of highly visible areas of 
dead and browned vegetation resulting from herbicide control of non-native exotic plants 
and/or noxious weeds; 

d) Reduce recreational enjoyment due to the presence of increased smoke; 
e) Require temporary exclusion of visitors from or closure of recreational facilities during 

treatments. 

Determination Threshold 

An effect is considered significant if it would: 

1) Close more than 1% of state park lands, or other public recreational area because of VTP 
treatments during the peak visitor season over a calendar year. 

2) Severely reduce visual quality (more than 80% burned and black, cleared of vegetation, 
or comprised of dead plants) on more than 10% of the area of any one state park, or 
other public recreational area, during the peak visitor season over a calendar year. 
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The estimation of effects (Section 5.14) is based on the temporal and spatial extent of VTP 
treatments that are likely to occur on state parks or other public lands where the VTP operates. 
Evaluating cumulative effects includes considering potential effects from multiple VTP projects, as well 
as similar projects on other public lands that could result in a substantial reduction in access to 
recreational areas. 

Implementation of the VTP Proposed Program or any of the alternatives will not result in a 
measurable bioregional cumulative effect to recreation. No substantial increase in lands of severely 
reduced visual quality or access during the peak visitor season is detectable at the scale of the 
bioregion. VTP projects are expected to be relatively few in number and occurrence. For the Proposed 
Program, on an annual basis, 88% of watersheds within the program area will not receive any VTP 
treatments. For the 12% of watersheds that do support a VTP project, 98% of them will receive 3 
treatments or less and most (83%) will only receive 1 treatment annually (Table 5.0.6).  

Public recreational pursuits generally take place on State Parks, National Parks and Recreation 
Areas, National Forests, Bureau of Land Management lands, county parks, and other public lands. A 
cumulative effect could potentially occur where VTP project acres are adjacent to or within the same 
watershed as other land management activities in similar states of implementation and vegetation 
recovery that impact the recreational experience or opportunity. Given the expected distribution of 
VTP project acreage and number of projects conducted within a bioregion, it is highly unlikely that VTP 
projects (an average size of 260 acres) would combine with other land management activities to 
contribute to a cumulative impact to recreational experience, enjoyment, or access to facilities. 
Individual project effects to recreational values are considered negligible (Table 5.14.2) across all 
bioregions and methods of vegetation treatment. Land open to public recreation constitutes 
approximately 3.4 million acres in the 34 million acre CAL FIRE-VTP jurisdiction program area (10%). 
Annual acreage treated within the program area is expected to be about 217,000 acres over a ten year 
period. Project associated effects across all bioregions and considering all treatment methods would 
not close more than 1% of state park lands or other public recreational areas as a result of VTP 
treatments during peak visitor periods over a calendar year. Similarly, no severe reduction in visual 
quality is expected on state park or other public recreational area during peak visitor periods. VTP 
project effects to recreational resources are likely to be small scale, short term, and insignificant. From 
a cumulative effects perspective, at the scale of the bioregion, it is unlikely that short or long term 
changes in vegetation condition and recreational access associated with VTP projects would combine 
with other past, current or planned land disturbing management activities to produce a significant 
cumulative impact on recreational experience or access. VTP projects are not likely to exceed two 
weeks in duration. Similarly, prescribed fire is the most common treatment type and is not likely to 
occur during the summer and peak periods of public use. 

There is a low likelihood that more than 10% of a given recreational area (state park, conservancy, 
etc.) would be treated in a single year, unless the recreational area was very small. Many recreational 
areas (state parks, conservancies, etc.) encompass parts of multiple watersheds and it is unlikely that 
all watersheds within a given recreation area would be intensively treated (>10% area) in a single year, 
therefore less than 10% of most recreational areas would be simultaneously treated. Similarly, when 
considering the likelihood of cumulative effects, many high use recreational areas on lands potentially 
subject to VTP projects (state parks, conservancies, wildlife management areas, ecological reserves, 
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etc.) are not subject to significant land disturbing management activities related to resource extraction 
(timber harvest, mining etc.). These lands of limited or constrained land use further reduce the 
likelihood of a cumulative effect arising from implementation of a VTP project in concert with another 
land disturbing management activity that negatively affects recreational values or access. 

In watersheds of mixed ownership (public-USFS/BLM and private CAL FIRE/VTP jurisdiction), VTP 
projects could occur simultaneously or sequential to other land disturbing activities. This scenario 
could result in a short-term cumulative effect to recreational value or access. Data are not available to 
evaluate the likelihood of the spatial and temporal relationship of VTP projects and those on public 
land at the bioregional scale. Although speculative, it appears unlikely that bioregional scale negative 
project impacts on recreational values or access would arise from the needed intersection of variables 
such as occurrence of crown fire vegetation type (tree and shrub), CAL FIRE jurisdiction within a project 
area of mixed ownership and of high recreational use, and of sufficient VTP and other land disturbance 
activity acreage of sufficient treatment intensity to produce a cumulative effect. 

Prescribed fire can also provide maintenance and improvements to the visual aesthetics of 
recreation areas. Prescribed fire tends to open up forest stands and can increase the number and 
visibility of flowering plants (Wade, 1988; DeBano et al., 1998). 

Determination of Significance 

It is unlikely that VTP projects, under the Proposed Program or any of the alternatives, will result in 
closure of more than 1% of recreational areas where the VTP program can operate. Further, it is 
unlikely that similar projects on other public lands will occur at rate that would substantially decrease 
or degrade public recreational areas. In addition, VTP treatments can have longer term beneficial 
effects that may be cumulative if projects are in the same recreational area. 

Mitigation(s) 

- No mitigation necessary beyond those listed in Section 5.14.11. 

6.4.11   Cumulative Effect - Biological Resources 

This section discusses cumulative effect mechanisms or the types of effects that can occur under 
the VTP and related treatments from other vegetation treatment programs for terrestrial wildlife and 
plants, aquatic resources, and measures of riparian ecosystem function. Individual proposed project 
and alternative impact evaluations for wildlife, plant, and aquatic resources are discussed in Section 
5.5. Included here is additional information that is relevant specifically to cumulative effects and the 
potential for the proposed project or alternatives to contribute to other land disturbing management 
practices that may result in a significant cumulative impact to terrestrial wildlife and plants, aquatic 
resources, and measures of riparian ecosystem function. 

Overview of Cumulative Effect Potential 
The environmental setting for biological resources is described in Chapter 4 (Section 4.5). 

Cumulative impact analysis specific to biological resources assumes that the number of acres subject to 
modification under the Vegetation Treatment Program and other land uses (timber production, 
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grazing, development, and agricultural conversion (see Table 2.2) includes the maximum allowed 
under approved or Proposed Programs and the best estimates currently available. 

Cumulative effects to biological resources could occur from fire hazard reduction, timber stand 
improvement and other vegetation treatment efforts included in the VTP when considered in the 
context of other existing and proposed land uses. The incremental contribution of the VTP to an 
evaluation of cumulative effects is determined by the number of acres treated annually under that 
program in combination with the acreage modified or expected by other land uses.  

Plant communities, including the biological resources they support, potentially impacted by VTP 
activities have for the most part evolved under the influence of periodic fires of varying intensity, 
frequency, and size, and other agents of change. Change in California wildland (forests, woodlands, 
shrub and grasslands) disturbance regime as a result of settlement, resource extraction, plant species 
composition, and disturbance management (i.e., fire suppression) have significantly altered the 
ecological processes under which these plant and animal communities have evolved. Complicating 
these relationships is the fact that disturbance effects on biological resources vary depending on 
species vagility, time of year, and other aspects of their natural history.  

For several reasons, biological resources and dynamics of plant community change present one of 
the more challenging areas to address with respect to cumulative effects determinations. For example, 
fire can have two markedly different effects on wildlife habitats. Large fires do not burn evenly and as a 
result produce a mosaic of vegetation and post-fire plant community succession. Alternatively, at a 
smaller scale, an intense stand-replacing fire can reduce habitat heterogeneity and foster a uniformity 
of food and cover value particularly in areas of similar slope, aspect, and soil type. Both outcomes may 
either be positive, negative, or exhibit no particular effect depending on the degree of habitat 
patchiness, the wildlife species of concern, and other topographic, climatic, and biological variables 
influencing fire effects. Thus, simple generalization of the effects of post fire or other disturbance 
induced habitat conditions and their implications for biological resources are not informative. Different 
species may be favored, negatively affected, or exhibit no particular response to the post fire or 
disturbance environment. While disturbance-caused modification of one habitat type into another may 
in many cases be “value-neutral,” in other cases, such as the loss or fragmentation of habitat for a 
threatened or endangered species, resource managers and the public may be very concerned about 
conversion of habitat type. For example, scientists have identified wildfire and its potential impact on 
the mature forest habitat of the California Spotted Owl as one of the biggest threats to the species. 

Cumulative positive, neutral, or negative effects may also arise temporally. For example, 
vegetation treatments may be detrimental for some species in the short-term but lead to long-term 
improvements in habitat quality or help prevent other long-term detrimental effects such as habitat 
loss or change in plant community species composition from wildfire. In addition, impacts can be 
seasonal in nature depending on habitat use. 

Overall, it is impossible to precisely specify at the scale of the state or region both the biophysical 
and economic ramifications of interaction between disturbance and biological resources. In the case of 
fire as an agent of disturbance, a number of experts have indicated that when one considers 
qualitatively the effect of fire (prescribed and otherwise) on biological resources, fire regimes, and 
wildland habitats at the scale of the state, it is likely that fire, at least over the short term, has had a 
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net neutral if not beneficial effect (Sugihara et al., 2006). On the other hand, specific fires in specific 
places at specific times can have significant adverse effects on particular species and/or their habitat. 
Given the dynamic nature of vegetation and population response, these effects are of the greatest 
concern for species near the lower bound of population viability (i.e., state and federally listed 
species). 

Cumulative effects occurring at the scale of the state or the region may not inform project level 
cumulative effects analysis. The checklist developed as part of the state or region wide cumulative 
effects analysis is designed to provide guidance to project scale cumulative effects analysis. Cumulative 
effects, either negative or positive, can potentially occur to individual species of concern, the 
distribution and sustainability of special habitat elements such as snags and down logs, wildlife 
disturbance issues as a result of project area access, change in vegetation structure, and other 
biological resources. Cumulative effects attributable to these kinds of impact mechanisms are generally 
most reliably assessed at the scale of the individual project and lands immediately adjacent. In some 
cases, information from larger regional studies is needed to supplement information on the local 
project area. 

The programmatic VTP EIR cumulative impact analysis, conducted at the scale of the watershed or 
bioregion, identifies and assesses impact mechanisms that may influence landscape scale biological 
resource issues such as wildlife movement or habitat capability across broad regions, likelihood of 
genetic interchange, change in plant community composition as a result of non-native species 
establishment, or change in species distribution. Recognition of the scalar nature of assessment and 
management is not a new concept to existing resource management institutions. For example, the 
federal Endangered Species Act envisions the maintenance and recovery of ecosystems upon which 
Threatened, Endangered or Candidate species exist as the preferred approach over individual species 
management. Similarly, recognition of the interaction of human-altered or working landscapes and 
wildlands is central to the science of landscape ecology and the sustainability of biological diversity. 

Riparian function encompasses a wide variety of processes (hydrologic, geomorphic, biotic) across 
a range of spatial and temporal scales. These processes interact to ultimately determine the character 
of the riparian zone and aquatic habitat quality. The metering of sediment, water flow, nutrients, 
organic matter, and structural complexity of the stream environment is a function of underlying 
geology, topography and condition of adjacent vegetation both near the stream and in upland 
environments. Vegetation management practices have the potential to alter these ecological processes 
directly within the riparian zone or indirectly through management of uplands. Vegetation 
management activities may result in or contribute to significant adverse effects to aquatic species 
through 1) changes in stream temperature, 2) increased sediment and other water quality parameters 
(e.g. dissolved oxygen, nutrients), 3) altered composition and abundance of fish, amphibians and other 
aquatic species, 4) increased stream bank erosion and streamside mass wasting, 5) reduction of in-
stream structural complexity, 6) reduction in large woody debris recruitment and 7) altered peak and 
base flows. Strategies to address these potential adverse effects will vary regionally and protections or 
management of riparian zones is ultimately dependent on state and federal regulations in effect, site 
specific variation in vegetation composition, site-tree height, geology, slope, and other baseline 
conditions. 
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The potential for cumulative effects arising from vegetation treatment program practices on water 
quality (e.g., sediment load, water temperature, and nutrient composition) are addressed elsewhere in 
this chapter. This section considers the recruitment potential of large woody debris, riparian canopy 
condition, and effects of vegetation management along the continuum of stream classification as a 
determinant of habitat quality for aquatic species, particularly salmonid and amphibian populations. 

Fire as an example of a bioregional land disturbance agent and vegetation treatment tool 

The following discussion of fire as a land disturbing agent as well as tool for vegetation treatment 
is included here to orient the reader to the predominant vegetation treatment method used in the 
VTP. Approximately 53% of the acreage treated annually under the Proposed Program and Alternatives 
2 and 3 (115,000 acres), and 63% of treated acres under Alternative 1 (29,600 acres), will be completed 
with prescribed fire annually. Under Alternative 4, Minimize Air Quality Effects, approximately 8% of 
the acreage treated would be completed with prescribed fire (7500 acres) (Table 3.11).  

It is generally recognized that the continued health and integrity of fire-adaptive habitats depends, 
in part, on our ability to understand the ecological role of fire, the effects of changes in fire regime on 
ecosystem structure and function, and management practices designed to mitigate negative effects to 
negligible or less than significant levels. Our ability to implement those management practices will 
ultimately depend on policy and management decisions about balancing tradeoffs among issues of 
public safety, environmental protection (e.g., air quality), and long-term ecosystem health/ 
management. 

The fire regime changes currently of greatest concern to the fire protection community are those 
that pose risks of catastrophic fires to life and property, and some natural resources. These include 
many areas where the occurrence of low intensity fires has been successfully reduced through fire 
protection practices, and so fuels have built up. While Sierra Nevada westside forests and southern 
chaparral offer prominent examples of the effects of fire regime changes, the exclusion of fire may be 
causing similar or more gradual changes in other habitats as well, where they pose less threat to public 
safety but may still threaten the long term health or viability of plant and wildlife habitats. Finally, 
other habitats may be threatened by changes in fire regimes that result in more - rather than less - 
frequent fires, and drive habitat type conversions or increases in non-native species (Keeley et al., 
2011) (e.g., eastside pine/bitterbrush or transition zones). In sagebrush steppe plant communities large 
fires of sufficient intensity that result in a type conversion may result in a cumulative effect to wildlife. 
While rate of juniper and other encroaching species may be slowed as a project objective, it is also 
likely that habitat conditions conducive to the establishment of non-native grasses are also produced. 
Development of project level management measures and implementation methods are necessary to 
minimize likelihood of type conversion. Sagebrush obligate species population recovery (e.g., Sage 
Grouse) is unlikely in areas of shrub to grass conversion. 

The potential ecological effects of fire regime changes - and our management practices for 
mitigating them - are further compounded by scale and pattern of the affected habitat. For areas that 
are limited in size, fragmented in distribution, or contain rare or endangered plants or animals, a 
wildfire or any disturbance may result in short-term or even permanent negative effects that we would 
not otherwise be concerned with in fire-adapted environments. These landscape constraints may 
increase their vulnerability to loss and decrease their inability to recover from either catastrophic 
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wildfire or certain types of pre-fire treatments used to "protect" them. While these relationships are 
complex, the concepts need to be articulated in a way that promotes comprehensive approaches to 
management and protection, brings in the appropriate range of disciplines, and avoids one-size-fits-all 
pre-fire management prescriptions. 

The Sierra Nevada Ecosystem Project (SNEP, 1996) determined that the lengthening of fire return 
interval in mixed conifer forests of the Sierra Nevada has a strong likelihood of engendering higher 
intensity fires than would be expected under a natural fire regime. Higher intensity fires threaten a 
number of important ecological features, particularly late successional forest, as well as important 
economic resources, such as timber and structures. While several agencies have proposed to expand 
prescribed burning by an order of magnitude in the Sierra and therefore supposedly replace high 
intensity wildfires with low intensity prescribed fires, it is certain that wildfire, rather than prescribed 
fire, will characterize the fire regime of the Sierra for decades to come. While wildfires, particularly 
those portions with low intensity, may perform several key ecological functions and therefore be 
preferred to no fire whatsoever, it remains important to mitigate the effects of unnaturally high levels 
of high intensity fires in order to conserve key structural characteristics such as large, old trees and 
snags that have otherwise become relatively rare in the Sierra. 

Reducing the extent of stand terminating events, particularly in late successional stands, while 
simultaneously allowing or promoting low intensity wildfire, was identified by SNEP (1996) as a key 
strategy in the restoration and management of Sierra Nevada forests. 

Significance Criteria  

1A. Potential to have a substantial adverse effect, either directly or through habitat 
modifications, on any species identified as a listed, candidate, sensitive or special status species 
in local or regional plans, or regulations, or by CAL FIRE, DFG, US Fish and Wildlife Service, or 
National Marine Fisheries Service (see Section 5.5 Biological Resources). 

1B. Reduce the number or restrict the range of a rare or endangered plant or animal. 

1C. Interfere substantially with the movement of any native resident or migratory species or 
with established native resident or migratory species corridors, or impede the use of native 
species nursery areas; and permanently alter the habitat value of established wildlife corridors. 

1D. Conflict with the provisions of an adopted Habitat Conservation Plan (HCP), or other 
approved local, regional or State HCP. 

1E. Cause a population to drop below self-sustaining levels or threaten to eliminate a terrestrial 
plant or animal community. 

1F. Create conditions favorable to the establishment or expansion in range of invasive non-
native species. 

1G. Result in a substantial reduction in the occurrence, quality or sustainability of habitat 
elements such as snags or down logs in the terrestrial environment. 
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Additional Aquatic and Riparian Function Specific Impact Criteria 

1H. Substantial alteration of sediment or heat inputs to the aquatic environment or floodplain 
and riparian areas particularly in watersheds listed as sediment or temperature impaired under 
Section 303(d) of the federal Clean Water Act.  

1I. Short or long-term reduction of large woody debris recruitment and delivery potential. 

1J. Substantial reduction in stream bank stability. 

1K. Reduction of headwater or spring/seep environments to function as amphibian habitat or 
provide sediment retention, nutrients, and woody debris to downstream environments. 

1L. Substantial reduction in forest canopy nutrient input to stream systems. 

Determination Threshold 

No unique thresholds beyond those presented in Chapter 5 (Sections 5.5.1, 5.5.2, 5.5.3) were 
considered. 

Setting for Cumulative Effects Evaluation  

For a variety of ecological questions and conservation issues, a regional scale analysis like that 
done for this document can provide guidance to examine trends and, when data is available, spatially 
explicit landscape design concepts. For other questions and conservation issues, more detailed analysis 
is necessary and must be carried out at the scale of the watershed or other planning unit (Urban et al., 
1987). The regional or programmatic scale disclosure provided within this document is intended to 
examine the likelihood of a bioregional or statewide cumulative effect, but also to provide context to 
the determination of cumulative effects at the project scale. Project scale cumulative effects analyses 
may make findings specific to project level implementation that support or disagree with those made 
at the programmatic scale. 

County based bioregions were used to determine percent ground disturbance attributed to both 
current and future conditions under the proposed VTP and the relative contribution of the proposed 
VTP to other similar ground disturbing programs. The analysis assumes that historic ground disturbing 
activities and acreage affected will continue at a similar rate in the future. Vegetation acreage is limited 
in extent to those types potentially treated. Additionally, no attempt was made to account for the 
relative differences in the rate of recovery that is specific to the type of vegetation treated. For 
example, grass dominated systems frequently attain pre-project conditions in less than 5 years while 
other vegetation types may take markedly longer to attain pre-project conditions.  

County based bioregions do not share the same boundaries as the ecologically derived bioregions 
used in Chapter 5 and therefore total bioregion acreage will differ from that analysis. Federal and state 
databases tracking treated acres are not consistent in their reporting at scales larger than the county. 
Alternatives 2 and 3 would be implemented at the program acreage cap of 2,500,000 acres per decade 
and would result in a comparable estimate of area disturbed to that of the Proposed Program. 
Alternative 1 (status quo) would be implemented at a program cap of 47,000 acres per year over a 
decade, and Alternative 4 (air quality) operates with a cap of 93,000 acres per annum over the same 
period. Both of the latter alternatives would result in less ground disturbance than the Proposed 
Program or Alternatives 2 or 3. 
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Statewide, annual VTP acreage disturbed is about 2% above that occurring as a result of other 
major but similar ground disturbing events (Table 6.2.11). At the scale of the bioregion, annual VTP 
acreage disturbed ranges from 0% in the Colorado Desert to 0.05% in the Central Coast Bioregion 
(Table 6.2.11). 

From the scale perspective of a programmatic bioregional assessment of cumulative effect, the 
amount of acreage eligible but not receiving treatment under the VTP would likely result in a negligible 
or deminimus cumulative effect on biological resources. Wildfires would continue to occur in California 
having both negative and positive effects on biological resources and wildlife habitat condition; the 
magnitude of effect being dependent on a wide suite of physical and biological variables controlling 
that ecosystem driver.  

It is unlikely that sufficient acreage can be treated under the VTP as proposed to result in a 
measurable cumulative impact over the no treatment option when assessed at the scale of a bioregion.  

There may indeed be potential adverse effect to small scale biological resources (e.g. hot spots, 
rare plants, etc.) that occur at a localized scale that will need to be addressed at the project level and 
incorporated through the use of an environmental checklist and consultation with subject matter 
experts as needed. In general, VTP treated acreage will not be extensive enough or result in significant 
alteration of treated vegetation types to result in a negative cumulative effect to wildlife species when 
the VTP contribution to that cumulative effect is considered with other land management activities, 
implementation of project level mitigation, management and environmental checklist measures, and 
when assessed at the scale of the bioregion. Indirect effects of desired fuel condition and vegetation 
regeneration diminish over time as treated areas, in the absence of retreatment or wildfire, recover 
pretreatment vegetation structure. Rate of change is dependent on a large number of environmental 
variables and short or long term effects on a given species are similarly variable. 

VTP projects that result in an extensive or long term or permanent type conversion are most likely 
to result in a measurable or significant contribution to negative cumulative effects to the wildlife 
community. VTP projects implemented in grass and forb dominated plant communities generally 
return to pretreatment conditions within a few years although change in species composition is a 
concern at the scale of the project (Keeley et al., 2011). Long term or permanent type conversion is 
most likely in shrub dominated plant communities that are not fire adapted and/or are vulnerable to 
establishment and expansion of competing non-native species post treatment. Conversion of shrub 
dominated habitat, may in conjunction with other similar shrubland disturbing land use effects, result 
in a negative cumulative effect on shrub dwelling fauna. VTP projects in tree dominated communities 
typically focus on modification of midstory or understory vegetation structure or alteration of tree 
overstory canopy closure levels. Historically, invasion of invasive plants following site disturbance has 
been less common in higher elevation forests it is of potential concern and could become more 
common under warmer climate scenarios (Keeley et al., 2011). 

However, the likelihood of multiple projects occurring in the same watershed or otherwise in close 
proximity temporally and thus contributing to a significant “cumulative effect” is very low given the 
small number of possible VTP projects in shrubland habitats sharing these characteristics and when 
assessed at the scale of the bioregion. Cumulative effect identification and development of appropriate 
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mitigation or management measures, including avoidance, is most effectively done at the scale of the 
project when the spatial and temporal juxtaposition of multiple project effects can be evaluated. 

The following section evaluates potential cumulative effects to biological resources arising from 
implementation of the Proposed Program or the alternatives. The potential for a cumulative effect is 
discussed for each impact criterion. 

6.4.11a   Cumulative Effects Potential – Criterion 1A  

Potential to have a substantial adverse effect, either directly or through habitat modifications, on 
any species identified as a listed, candidate, sensitive or special status in local or regional plans, or 
regulations, or by CAL FIRE, US Fish and Wildlife Service, or National Marine Fisheries Service. 

Determination of Significance – Criterion 1A 

Pre-project scoping at the scale of the project and, if necessary, implementation of surveys to 
determine presence will assess the likelihood of project level impact to species of concern. 
Implementation of Minimum Management Requirements and other mitigation or planning measures 
will further provide for the protection of plant and animal species of concern. When considered at a 
bioregional or programmatic scale, the small amount of acreage treated, recovery potential of plant 
communities treated, and project specific planning processes and mitigations (in combination with 
other land disturbing activities and mitigative measures at the bioregional scale) results in a deminimus 
or negligible VTP contribution to cumulative effects. For example, the Proposed Program annual 
treatment acreage for each of California’s Bioregions ranges from 0.06% in the Mojave Bioregion to 
2.0% in the Sacramento Valley Bioregion (Table 2.4). Additionally, the average annual amount of 
disturbed acreage by county based on bioregion and inclusive of similar land disturbing activities on 
federal, state and private lands range from an average annual 0.0 % in the Colorado Desert Bioregion 
to 1.41% in the South Coast Bioregion (Table 6.2.11). The cumulative impact of VTP with other related 
actions is considered less than significant with adopted implementation and mitigation measures. 

6.4.11b   Cumulative Effects Potential – Criterion 1B 

Reduce the number or restrict the range of a rare or endangered plant or animal. 

California is the most biologically diverse state in the contiguous United States, and has the largest 
state population. As a result, threats to the continued existence of native species and the natural 
communities on which they rely are also increasing. 

Taxa listed in Table 6.4.5 are composed of species, subspecies, distinct populations, or 
evolutionary significant units that appear on either the federal or State ESA or are listed under both 
acts. The number of listings continues to rise, increasing from 195 taxa in 1987 to 444 in 2009 (Table 
6.4.5). 
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Table 6.4.5 
Cumulative Number of Officially Listed* Taxa**, 1987 to 2009 
Year Plants Gastropods Crustaceans Insects Fish Amphibians Reptiles Birds Mammals Total 
1987 118       18 8 9 20 22 195 
1990 215 1 2 12 18 8 9 26 25 316 
1993 218 1 2 13 18 8 13 28 26 327 
2000 254 2 8 20 26 10 13 28 28 389 
2009 282 4 8 23 33 15 13 30 36 444 
*Official listed animal species refers to state listed as threatened or endangered (T&E), federally listed as T&E or on both the 
state and federal list as T&E Official listed plant species refers to those that are state listed as threatened, endangered, or 
rare (TE&R), federally listed as T&E, or both state and federally listed as T&E. 
**Includes species, subspecies, distinct populations, Evolutionary Significant Units (ESU). 
Source: California Department of Fish and Game. 2009. Threatened and Endangered Species. 
http://www.dfg.ca.gov/wildlife/nongame/t_e_spp/index.html 

Determination of Significance – Criterion 1B 

Wildfires typically influence markedly greater amounts of acreage than that to be treated under 
the proposed VTP or any of the alternatives. The likelihood of reduction in number or distribution of 
plant or animal species of concern is potentially markedly higher under large and uncontrolled land 
disturbance events like those arising from wildfire. Effects of wildfire are varied and include influence 
on animal movements, direct mortality, seed dispersal, enhancement of habitat for non-native invasive 
species. Over the past eight years, 97.6% of the total acreage burned in wildfires was the result of fires 
greater than 300 acres in size. A total of 33 wildfires in a variety of vegetation types exceeded 10,000 
acres in size from 1997 to 2006. VTP projects are unlikely to reduce the number or distribution of plant 
or animal species of concern as assessed at the scale of the bioregion. VTP program contributions to 
cumulative effects of land disturbing events that reduce the number or range of species of concern is 
negligible and may result in an overall but immeasurable beneficial effect to the degree that wildfire 
events are reduced in frequency, extent or intensity. The cumulative impact of VTP with other related 
actions is considered less than significant with adopted implementation and mitigation measures. 

See also Determination of Significance Criterion 1A 

6.4.11c    Cumulative Effects Potential – Criterion 1C 

Interfere substantially with the movement of any native resident or migratory species or with 
established native resident or migratory species corridors, or impede the use of native species nursery 
areas. 

The ability of wildlife to move across the landscape is essential to long-term sustainability of 
populations and the maintenance of regional biological diversity. In environments that are heavily 
impacted by urbanization or agricultural land uses, the pattern of habitat loss, associated habitat 
fragmentation, and disruption of movement patterns has a marked influence on ecosystem processes 
(Forman, 1997). Conserving well-connected networks of large wildland areas where ecological and 
evolutionary processes function over large spatial and temporal scales requires adequate landscape 
connections. Establishing or maintaining linkages between areas of wildland is a well-recognized tenet 
of conservation biology and positively influences the ability of wildlife populations to respond to 
stochastic environmental influences such as fire, flood, or non-native species as well as longer term 

http://www.dfg.ca.gov/wildlife/nongame/t_e_spp/index.html
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directional effects such as climate change, and maintains long term population viability above that of 
otherwise isolated wildlife populations.  

Countering the effects associated with habitat loss and fragmentation at the landscape scale 
requires a systematic approach for identifying, protecting, and restoring functional connections. For 
example, early regional conservation planning for the Northern Spotted Owl identified landscape scale 
linkages and hypothesized habitat conditions between population centers necessary for successful 
movement and subspecies interaction (Thomas et al., 1990). Similarly, the South Coast Missing 
Linkages Project (Penrod et al., 2003) identified 15 areas where habitat retention was necessary to 
maintain movement patterns of focal wildlife species across the landscape.  

Landscape scale corridor identification or other areas of reproductive importance (nursery areas) 
are typically an element described in species conservation planning documents such as Habitat 
Conservation Plans, Recovery Plans, and Natural Community Conservation Plans (see Cumulative Effect 
Potential Criterion 1D). 

Determination of Significance – Criterion 1C 

Land disturbance activities resulting from any of the vegetation treatment options have the 
potential to alter the habitat suitability of identified landscape linkages, making them unsuitable for 
movement of certain focal species. Cumulative and direct and indirect effects to landscape linkages are 
a determination made at the scale of the project as described in the project check list. Alternatively, 
these same practices have the potential to protect linkages from catastrophic loss or enhance habitat 
value within those landscape scale features. As assessed at the scale of the bioregion, VTP effects are 
expected to be negligible or immeasurable. VTP program contributions to cumulative effects of land 
disturbing events that interfere substantially with the movement of any native resident or migratory 
species or with established native resident or migratory species corridors, or impede the use of native 
species nursery areas is negligible. The VTP may result in an overall but immeasurable beneficial effect 
to the degree that wildfire events are reduced in frequency, extent or intensity. Based on average size 
of VTP prescribed burn project area (260 acres), frequency of occurrence, and expected spatial 
distribution, the cumulative impact of VTP with other related actions is considered less than significant 
with adopted implementation and mitigation measures when assessed at the scale of a bioregion. 

6.4.11d   Cumulative Effects Potential – Criterion 1D 

Conflict with the provisions of an adopted Habitat Conservation Plan (HCP), or other approved 
local, regional or State habitat conservation plan. 

Natural Community Conservation Plans (NCCP) authorized under California’s Natural Community 
Conservation Planning Act and Endangered Species Act, as well as Habitat Conservation Plans and 
other planning vehicles provided for under the federal Endangered Species Act are being increasingly 
used in California as a means to conserve species of concern and ecosystem processes; as well as 
providing for incidental take und ESA and CESA. As additional acreage of wildland and urban-rural 
interface lands are enrolled under these planning efforts, the potential for off-site and indirect 
cumulative effects also increases. There are 39 active (approved and implementing or in planning 
phase) NCCPs covering more than 32 million acres of which 23 have been approved and permitted. The 
NCCP for the Desert Renewable Energy Conservation Plan alone covers 23.4 million acres. As of April 
2012 a total of 133 HCPs had been completed, and 6 additional plans are in review, having submitted 

http://www.dfg.ca.gov/nccp/displaycode.html
http://www.dfg.ca.gov/nccp/displaycode.html
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permit applications. Several other types of conservation agreements are also possible 
(http://ecos.fws.gov/conserv_plans/public.jsp) to address species listed under the federal ESA and 
within California, including 10 Safe Harbor Agreements, 9 Candidate Species Conservation Agreements, 
and one Candidate Species Conservation Agreements with Assurances. 

The NCCP program of the Department of Fish and Game is an unprecedented effort by the State of 
California and numerous private and public partners that takes a broad-based ecosystem approach to 
planning for the protection and perpetuation of biological diversity. An NCCP identifies and provides 
for the regional or area wide protection of plants, animals, and their habitats. The primary objective of 
the NCCP program is to conserve natural communities at the ecosystem scale while accommodating 
compatible land use. The program seeks to anticipate and prevent the controversies and gridlock 
caused by species' listings by focusing on the long-term stability of wildlife and plant communities and 
including key interests in the process. 

The NCCP program is a cooperative effort to protect habitats and species. The program, which 
began in 1991 under the State's Natural Community Conservation Planning Act, is broader in its 
orientation and objectives than the California and Federal Endangered Species Acts. These laws are 
designed to identify and protect individual species that have already declined in number significantly. 

Habitat Conservation Plans (HCPs) are long-term agreements between an applicant and the U.S. 
Fish and Wildlife Service and/or NOAA National Marine Fisheries Service. They are designed to offset 
any harmful effects that a proposed activity might have on federally-listed threatened and endangered 
species. The HCP process allows development to proceed while providing a conservation basis to 
conserve the species and provide for incidental take. The purpose of the habitat conservation planning 
process and subsequent issuance of incidental take permits is to authorize the incidental take of 
threatened or endangered species, not to authorize the underlying activities that result in take. This 
process ensures that the effects of the authorized incidental take will be adequately minimized and 
mitigated to the maximum extent practicable. 

Determination of Significance – Criterion 1D 

VTP projects will as part of project planning and checklist compliance, review applicable local and 
regional HCPs. Conflicting objectives will be identified at the project level and resolved through 
coordination with appropriate State or federal fish and wildlife agencies. In addition, opportunities to 
further the objectives of local and regional conservation plans through vegetation treatments 
conducted under the VTP will also be identified and implementation coordinated through appropriate 
State or federal fish and wildlife agencies. Therefore, the cumulative effect of the VTP, with related 
programs, will not significantly conflict with established conservation programs or plans. The 
cumulative effects are less than significant and potentially beneficial. 

6.4.11e    Cumulative Effects Potential – Criterion 1E 

Cause a population to drop below self-sustaining levels or threaten to eliminate a terrestrial plant 
or animal community. 

Terrestrial wildlife and plant populations can be extirpated or fall to levels where formal listing is 
warranted if habitat conditions are degraded to a point that populations are no longer self-sustainable. 
However, it is unlikely that VTP treatment acreage in conjunction with other similar programs and 

http://ecos.fws.gov/conserv_plans/public.jsp
http://www.dfg.ca.gov/
http://www.dfg.ca.gov/nccp/displaycode.html
http://www.dfg.ca.gov/hcpb/ceqacesa/cesa/cesa.shtml
http://endangered.fws.gov/


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-67 

 

vegetation treatment efforts will be sufficiently extensive and concentrated in time and space to 
threaten population sustainability or eliminate a plant or animal community. Statewide, average 
annual acreage disturbed by the VTP is 0.64% above that occurring as a result of other major but 
similar ground disturbing activities including wildfire (Table 6.2.11). Cumulatively, and by county based 
bioregions, the percent of disturbed acreage potentially added by the proposed VTP ranges from 0% in 
the Colorado Desert Bioregion to 0.05% in the Central Coast Bioregion. When all similar ground 
disturbing acreage (excluding wildfire) is included the average annual future percentage of disturbed 
acreage ranges from 0% in the Colorado Desert Bioregion to 1.4% in the South Coast Bioregion (Table 
6.2.11). 

Significant cumulative direct and indirect effects on listed, sensitive, and common species are not 
expected to occur for several reasons. 

• The potential for cumulative direct and indirect effects is minimal given the small average size 
of VTP projects (260 acres) and low likelihood of temporal and spatial adjacency to similar 
effects from non-VTP management efforts. 

• Implementation of avoidance and other mitigative measures to eliminate direct effects or 
reduce indirect effects to a negligible or less than significant on special status species at the 
scale of the project. Similar avoidance measures and mitigations are routinely employed by 
other agencies as required by statute and through environmental review. 

• Species considered common and terrestrial plant and animal communities will not experience 
sufficient cumulative habitat alteration from the VTP and other similar vegetation treatment 
programs to threaten plant or wildlife population or community sustainability given the spatial 
and temporal limits described above. In addition, to management and mitigative measures 
that address certain species, habitat types, and landscape features; duration of cumulative 
effect is further ameliorated by recovery and reoccupancy rate of populations and habitat 
structure. Rate of response will vary by species and pre-treatment vegetation structure, 
condition of untreated or adjacent habitat, and treatment method. However, the Schedule of 
Treatment Maintenance (See Section 2.5 G) provides one broad measure of rate of habitat 
recovery at the level of the lifeform. Grasslands would again be candidate for treatment in as 
little as 3 years after the initial treatment. Shrublands and forestlands (given treatment of the 
shrub component of the latter) may again be suitable for treatment 10 to 30 years after the 
initial treatment; it is highly variable depending site conditions. 

Determination of Significance – Criterion 1E 

As described in Chapter 5, no terrestrial wildlife or plant populations are expected to drop below 
self-sustaining levels as a result of VTP implementation. Similarly, no terrestrial community will be 
eliminated. Analysis of the direct and indirect effects associated with the proposed VTP and 
alternatives concluded that for representative species of concern, no alternative would result in a 
significant adverse effect after application of identified mitigation measures. The cumulative impact of 
VTP with other related actions is considered less than significant with adopted implementation and 
mitigation measures when assessed at the scale of a bioregion. In general, conditions for terrestrial 
and aquatic species are expected to show continued improvement over time as plant communities are 
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incrementally protected from the effects of unnaturally intense wildfire and as plant communities 
adapted to periodic fire are reintroduced to this important driver of ecosystem processes.  

6.4.11f    Cumulative Effects Potential – Criterion 1F 

Create conditions favorable to the establishment or expansion in range of invasive non-native 
species. 

The introduction of exotic species can be a serious threat to native plant and animal communities. 
Invasive non-native species alter ecosystem structure, composition, and processes and out-compete 
and exclude native plants and animals. Those non-native species that have successfully established 
themselves and expanded their range in California’s diverse environments have had far reaching 
effects. These effects include direct competition or hybridization with and subsequent exclusion of 
native species, and also as an agent for the change of ecosystem function. Ecosystem effects include 
alteration of disturbance regimes, such as frequency and intensity of fire and potential changes in soil 
erosion rates. 

Invasive plant species generally exhibit certain characteristics that make them effective 
competitors and which facilitate their establishment and dispersal. These include large numbers of 
easily dispersed seed, ability to reproduce by both seed and vegetative growth, and ability to persist 
under variable environmental conditions such as dry or wet soil conditions. Geographically separate 
biological regions now share an increasing number of species in common. Invading non-native species 
that are successful at establishing viable populations are generally symptomatic of landscapes and 
ecosystems that have been altered or exhibit a marked reduction in some of their original productive 
capacity. 

Ecologists increasingly recognize that ecosystems are dynamic in nature—that change is the 
predominant and common feature. Rates of change may vary with time and are expressed by 
differences in species densities and occurrence such that composition of any ecosystem is not static. 
Opportunities for invasive species to successfully establish themselves and expand their distribution 
are enhanced during periods of rapid ecosystem change.  

In some cases the rate of spread, once successfully established, has been exceptionally rapid. 
Three examples of rapidly spreading plant species are yellow starthistle (Centaurea solstitialis), cheat 
grass (Bromus tectorum), and scotch broom (Cytisus scoparius). Yellow starthistle has expanded its 
range in California from 1.2 million acres in the late 1950s to 15 million acres in 1999 (Pitcairn et al., 
1998; Maddox et al., 1996; Bossard et al., 2000; DiTomaso, 2005). Cheat grass, following its 
introduction in the late 1800s, now dominates much of the western United States and the eastern 
slope of the Sierra Nevada. This species, given its rapid maturation, short green period, and domination 
of disturbed sites has low value as a forage plant and reduces rangeland productivity. Cheat grass in 
shrub/grass plant communities also provides a fuel source that increases fire hazard. Scotch broom in 
coastal and foothill regions now covers more than 618,000 acres and has displaced native vegetation. 
This aggressive weed is of little value to wildlife. Roadways provide both the disturbance needed for 
establishment and corridors for dispersal. Scotch broom is expected to continue to expand its range 
with the increasing rate of rural development (Schwartz et al., 1996).  

Change in land use is generally associated with alteration of ecological processes. As such, it 
provides a medium for the introduction, successful establishment, and expansion of non-native plant 
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and animal species. Disturbance is a natural part of ecosystem function in many systems. However, 
society’s large-scale alteration of the type and frequency of disturbances results in changed ecosystem 
states and increased opportunities for invasive species establishment, to the general detriment of 
native species (Hobbs, 2000). Plant communities vary in response to fire but in general, fire 
suppression leads to an accumulation of fuels and increased burn intensity, resulting in a greater level 
of disturbance and opportunity for establishment of non-native invasive plant species. VTP objectives 
and those of other similar programs are to reduce fuel accumulations and potential for large scale 
disturbance events and conditions suitable for establishment of invasive species. 

Several State and federal programs are actively working to identify and control the introduction 
and successful establishment and spread of non-native invasive species in California 
(http://www.cdfa.ca.gov/phpps/ http://www.cdfa.ca.gov/phpps/ipc/ http://www. ipm.ucdavis.edu/). 
The California Department of Food and Agriculture and the California Invasive Weed Awareness 
Coalition have recently developed an action plan to address noxious and invasive weeds in California 
(http://www.CAL FIREa.ca.gov/phpps/ipc/noxweedinfo/pdfs/noxious_weed_plan.pdf). The primary 
purpose of the plan is to enhance existing protection efforts, coordinate weed control activities and 
ensure cost effectiveness, and partner with federal weed control agencies. 

Determination of Significance – Criterion 1F 

Land disturbance activities resulting from any of the VTP vegetation treatment options and other 
cumulative action have the potential to create or enhance land conditions that facilitate the 
establishment or spread of non-native invasive species. Although treated acreage within the VTP 
Proposed Program and alternatives is low relative to other land disturbing management activities at 
the bioregional scale, range expansion of non-native invasive species into new areas could, considering 
difficulty of plant control and area affected, result in a significant cumulative effect. VTP management 
actions may also decrease the frequency, extent or severity of wildfire and as a consequence the 
extent of disturbed landscape available for establishment of non-native invasive species. Similarly, VTP 
projects can be developed to specifically target non-native invasive weed infestations as part of larger 
invasive plant control efforts. Project level mitigation and management practices are designed to 
reduce the probability of introduction, establishment, and spread of non-native invasive species. These 
practices include washing vehicles prior to entering a site for treatment, minimization of ground 
disturbance, treatment timing depending on plant composition of the treatment site, pre-project 
survey, and post project monitoring and follow-up action as appropriate. When assessed at the scale of 
the bioregion, VTP contributions to the cumulative effect of land disturbing events that create 
conditions favorable to the establishment or expansion in range of invasive non-native species is 
negligible. The VTP may result in an overall but immeasurable beneficial effect to the degree that 
infestations are controlled as a project objective or wildfire events are reduced in frequency, extent or 
intensity. However, there are other cases where disturbance from fire treatments allows for 
introduction or colonization from non-native species (Keeley et al., 2011). The cumulative impact of 
VTP with other related actions is considered less than significant with adopted implementation and 
mitigation measures. 

http://www.cdfa.ca.gov/phpps/
http://www.cdfa.ca.gov/phpps/ipc/
http://www.ipm.ucdavis.edu/
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6.4.11g   Cumulative Effects Potential – Criterion 1G 

Result in a substantial reduction in the occurrence, quality or sustainability of habitat elements 
such as snags or down logs in the terrestrial environment. 

Timber management activities on public and private forest lands have altered the structural 
characteristics of a number of forest habitats. The conversion of old-growth forests to rapidly growing 
but structurally simpler younger forests is a notable example. Generally, the goal of intensive timber 
management is to reduce the amount of time required to produce a new crop of trees. Shortening or 
eliminating certain pathways of forest succession that are dominated by grass, shrubs, or hardwoods 
can be associated with this objective. Management of forestlands for timber production frequently 
alters forest structure from multi-aged stands of mixed species in patch sizes determined by natural 
events, to young, even-aged stands with reduced tree species diversity. 

Snags (standing dead trees) and down logs (portions of or entire trees that have fallen to the 
ground) have been shown to have significant positive habitat value for many plants and animals, and 
are considered “special habitat elements”. This term refers to specific physical and biological attributes 
of the landscape without which certain species either are not expected to be present or will exist in 
greatly reduced numbers (Mayer and Laudenslayer, 1988). Intensive management that concentrates 
on the production of wood products can make it difficult for resource managers to provide many of the 
diverse structural components such as snags and down logs desired to support biological diversity. 
Repeated logging over relatively short time periods and reforestation and other activities may 
accelerate the loss of snags, reduce new snag and down log recruitment, and decrease the likelihood 
of trees becoming large enough to provide the habitat required by some species. Snags, down logs, 
and the capability of the land to produce these elements over time are of particular concern because 
adequate numbers, size, and decay classes of these habitat elements are required for the long-term 
persistence of dependent wildlife species. 

The benefits of down logs are many, including their contribution to forest soil nutrient levels and 
habitat for a large number of plant and animal species. Logs found on the forest floor as well as within 
or adjacent to streamsides are key structural elements to terrestrial and aquatic ecosystem function. 
Over time, trees become part of the down-wood component of the forest floor or aquatic 
environment. Forest stand characteristics then are ultimately responsible for the species, size, and 
recruitment rate of down logs. 

Wood utilization standards employed by forest managers, as well as a variety of economic 
considerations that influence merchantability, also affect the degree to which snags and down logs are 
retained (Spies and Cline, 1988). For example, in the intensively managed forest plantation, 
establishment is generally preceded by the removal of coarse woody debris that includes down log 
accumulations that were present prior to logging.  

Other differences exist between forests managed intensively for wood products and those that 
provide multiple uses. Harvest cycles occurring over short periods of time, as when a forest is thinned 
at regular intervals, minimizes the accumulation of down logs, and produces smaller diameter trees 
that decay faster than larger diameter material. Large plantations also reduce the input of coarse 
woody debris that alters the functional characteristics of the forested environment. Significant 
reductions in the amounts of coarse woody debris and down logs, below desired levels, impair habitat 
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value, forest productivity, and biological diversity (Spies and Cline, 1988). A variety of forest 
management practices are available to recruit snags and down logs. These include retaining green 
trees adjacent to or within a stand scheduled for harvest and maintaining areas as part of a longer 
rotation, thus allowing trees to reach not only a desired size but also desired structural attributes. 

Plot data from the United States Forest Service (USFS) Forest Inventory and Analysis (FIA) program 
was used to describe the abundance and characteristics of snags and down logs in a variety of 
California forest types and ownership categories. Currently available snag and down log levels reflect 
conditions as of 2000 for public lands while private land data was collected between 1991 and 1994. 
Although plot data collected on National Forest reserve lands is more recent than that on private lands, 
snag and down log densities are assumed (for the purposes of the comparative analysis) to not have 
markedly changed on reserved ownerships during the intervening time period. 

Comparing current densities of snags and down logs versus “historic” or “natural” levels can be 
problematic since historic information is only a snapshot of the conditions of that period. As such, the 
reference period is only a point in time within the natural range in variation of snag and down log 
densities and may not be representative of the historic reference period. In addition, there are few if 
any baseline reference areas from which to adequately sample and measure “naturally” occurring snag 
and down log densities and recruitment processes that have not been influenced by fire exclusion and 
historic management policies. Comparative historic data describing these structural attributes in 
forests of the nineteenth century are limited, but some case studies exist (Gruell, 2001; Skinner, 2006). 

In general, Private Industrial and Private Non-Industrial lands have 40 percent fewer snags of all 
size and decay classes than are found on National Forest reserve lands (3.7 per acre versus 6.2 per 
acre). The relative abundance of large snags across ownerships and management emphasis is also 
noteworthy. Private Industrial and Private Non-Industrial ownerships possess 70 (0.3 snags per acre) 
and 80 (0.2 snags per acre) percent fewer snags of greater than 30 inches DBH, respectively, than do 
National Forest reserve lands. On National Forest reserve lands (as an ownership class) approximately 
17 percent of all snags are in the largest size class, Private Industrial and Private Non-Industrial retain 
eight and five percent, respectively. Overall, these averages suggest that snag densities are markedly 
less on private versus National Forest reserve lands. 

When compared to down log densities on National Forest reserve lands, those on private lands 
exhibit markedly higher densities. Private Industrial lands carry a high level of total down logs per acre 
(35.4 down logs per acre) when compared to other ownerships. Statewide, they possess down log 
densities 65 percent higher across all log sizes and decay classes than those on National Forest reserve 
lands (12.4 down logs per acre). Similar elevated percentages relative to National Forest reserve lands 
are apparent when examining only large log densities on Private Industrial lands (4.4 down logs per 
acre) (64 percent) or a combination of medium (17.4 down logs per acre) and small (13.6 down logs 
per acre) log densities (65 percent). On the National Forest reserve land ownership class, 13 percent of 
all logs are in the largest size class (1.6 per acre), whereas Private Industrial and Private Non-Industrial 
ownerships show 12 percent (4.4 down logs per acre) and seven percent (0.7 down logs per acre) 
respectively. Down log densities of all size classes and within all forest types sampled on Private 
Industrial lands exceeded densities found on National Forest reserve lands by a large margin. 
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Determination of Significance – Criterion 1G 

Project alternatives that utilize prescribed fire as a vegetation treatment method have the 
potential to influence the retention of existing snag or down log densities. Depending on prescribed 
burn fire intensity, snag or down log size and location in treatment units, topography, and other site 
specific conditions, degree of consumption of these forest features by fire is also variable. Similarly, the 
sustainability of these types of forest structure over time is dictated by silvicultural practices and other 
environmental conditions that influence retention rate of green trees of sufficient size to achieve 
desired snag and down log characteristics and densities.  

Cumulative and direct and indirect effects to the quality and frequency of occurrence of these 
forest structural elements are determinations made at the scale of the project. Because plot sizes 
represent large areas ranging from hundreds to thousands of acres per plot, information is best used at 
bioregional or statewide scales and may not be applicable or reliable for any one forest stand. 
Variation among plots taken to measure snag and down log densities is generally high, particularly 
when small numbers of plots are considered or results are applied at small scales, such as the forest 
stand or a small watershed. Similarly, in landscapes of mixed ownership, snag and down log densities 
may be well represented when considered independent of ownership class. 

Comparing current densities of snags and down logs versus “historic” or “natural” levels can be 
problematic since historic information is only a snapshot of the conditions of that period. As such, the 
reference period is only a point in time within the natural range in variation of snag and down log 
densities and may not be representative of the historic reference period. In addition, there are few if 
any baseline reference areas from which to adequately sample and measure “naturally” occurring snag 
and down log densities and recruitment processes that have not been influenced by fire exclusion and 
historic management policies. Comparative historic data describing these structural attributes in 
forests of the nineteenth century are not available. 

There are a variety of factors potentially responsible for the differences in snag and down log 
densities between National Forest reserve and Private Industrial or Private Non-Industrial lands. 

• Different cutting practices on private lands were prevalent during the period from 1984 
through 1994 in which plot data were collected. These practices may have resulted in higher 
levels of down log and woody material retention on the forest floor as a result of difficulties 
associated with its effective removal while protecting trees remaining onsite after harvest. 

• Management policies on public lands include an active woody debris treatment program that 
reduces forest fuels as well as the amount of wood on the forest floor. Snag size and relative 
density could be expected to be higher on managed public lands given a concerted effort by 
managers to retain those elements along with a generally greater density of large sized live 
trees that provide snag recruitment to the larger size classes. 

• Private lands generally exhibit a greater efficiency at salvaging tree mortality as 
merchantable harvest volume. This capability also reduces actual and potential snag density 
levels on private lands managed principally for wood fiber production. 

• Utilization practices on private lands, regarding both live trees and salvage operations, 
concentrated on large tree removal and likely bypassed smaller trees during earlier decades. 
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As such, higher levels of down logs resulting from previous utilization practices were 
expected on private land when sampled during the early 1990s.  

With project level management and mitigation measures in place and as assessed at the scale of 
the bioregion the cumulative effects of VTP treatments and related activities on snag and down log 
densities are expected to be negligible or immeasurable. The cumulative effects are considered less 
than significant and no further mitigation additional to that implemented at the scale of the project is 
required. 

Cumulative Direct Effects of Herbicides to Wildlife and Botanical Resources 

Section 5.17 summarizes the environmental and human health effects arising from herbicide use 
under the Proposed Program or the Alternatives. This section discusses the cumulative direct effects of 
herbicide use on wildlife and botanical resources separate from the indirect effects of habitat 
alteration addressed above. Under the Proposed Program a total of 19,600 acres could be treated 
annually with lesser acreage treated depending on Alternative (Table 5.17.3). The acreage reported 
includes the use of herbicides used in conjunction with other treatment methods such as “brown and 
burn” and treatment maintenance. The Proposed Program also has a greater number of herbicide 
treatment projects (75) than any of the Alternatives (68 more than Alternative 1, 75 more than 
Alternative 2, 42 more than Alternative 3, and 57 more than Alternative 4). Thus, based solely on area 
treated, if the cumulative effect contribution of herbicide treatments in the Proposed Program is 
negligible or less than significant at the scale of a bioregion, then that finding would also apply to the 
Alternatives. 

Determination Threshold Applicable to Wildlife and Botanical Resources 

For the purposes of the following evaluation, impacts from the Proposed Program and the 
Alternatives are considered “significant” within an appropriate time-frame and ecological context if 
they cause relatively high magnitude, persistent, or permanent changes to: 

a) Biological resources protected by local, State, or Federal protection plans, policies, and 
 regulations. 

b) Population size, distribution, viability, or recovery potential of a special status species. 

Treatments to control or eradicate noxious weeds, to the extent that they are effective, will likely 
open new microsites for the expansion of adapted special status plants that are already growing in the 
treatment area, or can spread to it.  

The probability of indirect effects of herbicide treatments on special status plants or their habitats 
is low, but spray drift, wind erosion, surface or subsurface transport, accidental spills, or a combination 
of these could damage or kill individual plants and unknown populations. This is unlikely for clopyralid 
treatments under the Proposed Program due to protections provided by LCs 3 and 5 and MMRs 5, 6, 
and 11 through 16. 

Invasives 

Many of the noxious weeds that are aggressively invasive are adapted to disturbed sites with little 
or no shade. Conversions of shrubfields to rangeland, or even for wildlife habitat improvement, will 
generally only be done by mechanical, hand, or prescribed fire or herbivory treatments. But herbicide 
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treatments following the initial treatments will effectively prevent the regrowth of shrubs and 
perpetuate the microsite conditions that favor the establishment and spread of most species of 
noxious weeds. 

Herbicide maintenance treatments in shaded fuelbreaks in forest environments are not common, 
but may become more so if vegetation treatment funding levels decrease. In many locations in 
California shaded fuelbreaks are being established along road right-of-ways. Road openings provide 
abundant sunlight, which enhances the establishment and growth of new plants and the regrowth of 
sprouting species cut during fuelbreak establishment. To remain effective, these fuelbreaks will need 
to be maintained, which can be done cheaply and effectively using herbicides applied by backpack 
sprayers or from vehicles. 

However, some studies indicate that repeated herbicide treatments, by controlling selected 
species but not others and by creating favorable seedbeds, create microsites favorable to the invasion 
of noxious weeds. It is known that road openings are conducive to the spread of windborne seeds of 
such species as star thistle and pampas grass. So herbicide treatments of roadside shaded (or 
unshaded) fuelbreaks could result in invasion, reinvasion, or spread of noxious weeds found in the 
area. 

Herbicide treatments to control or eradicate noxious weeds, to the extent that they are effective, 
will likely open new microsites for the expansion of adapted native plants that are already growing in 
the treatment area, or can spread to it. To the extent that native plants are able to reoccupy and hold 
disturbed sites, there will likely be a reduction in the population of noxious weeds. 

Since clopyralid is primarily used to control invasive, broadleaved plants, it is likely to reduce local 
populations of noxious weeds. By so doing it is likely to enhance populations of native plants. 

Cumulative Effects to Aquatic and Riparian Resources 

The following section evaluates potential cumulative effects to aquatic resources and riparian 
ecosystem function arising from implementation of the Proposed Program or any alternatives  

With the exception of large point sources of pollution such as mine sites, it is highly unlikely that 
watersheds supporting listed species or waterbodies designated as impaired relative to beneficial uses 
are the product of a single land use associated impact in time. These watersheds and status of the 
resource values they support are therefore, by definition, the product of the cumulative effect of a 
variety of historic and contemporary land use practice effects and the rate of ecosystem recovery. The 
objective of the VTP PEIR cumulative effects analysis is to assess the likelihood that effects remaining 
after implementation of VTP projects and required management and mitigation measures will result in 
any impact greater than a negligible or deminimus contribution when assessed at the scale of the 
bioregion. 

A large number of environmental variables influence the structure and function of aquatic and 
riparian systems. Working landscapes generally exhibit a wide range of conditions and are the result of 
historical and contemporary practices. Other lands may exhibit minimal disturbance with little or no 
evident effects to aquatic and riparian resources values. Within forest and rangelands, major concerns 
vary by watershed and are typically assessed as “limiting factors,” or inputs to aquatic and riparian 
systems that limit the ability of the ecosystem to function at a level that produces desired values and 
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products. These factors include: sediment input; heat input related to streamside shading, large woody 
debris recruitment and delivery, streambank stability, condition of headwater environments, and 
forest canopy nutrient input to stream ecosystems. Cumulative effects significance criteria were 
developed for each of these areas and are addresses below. Other water quality related issues that 
also influence the aquatic environment and riparian resources and associated significance criteria are 
addressed elsewhere in this chapter as well as in PEIR Chapter 4 (Environmental Setting) and Chapter 5 
(Impact Evaluation). 

Little comparative baseline data is available to address long-term amphibian population trends in 
the western United States and California. True frog and toad species have exhibited the most 
significant declines. Forty percent of the toad species (four of ten) and 88 percent of the native frog 
taxa (seven of eight) have been removed from at least 45 percent of their historic California 
distribution. The documentation of an entire frog fauna declining in a large, diverse region is 
unprecedented. It is likely that a number of different factors are contributing to the documented 
declines. One possible explanation suggests that the long-term cumulative effects of multiple factors, 
where natural low points in amphibian population cycles synergize with widespread environmental 
alterations (e.g., urban development (loss of habitat), extended drought, changes in UV-B radiation 
levels, chemical pollutants and pesticides, predation by and competition with non-native species, and 
disease) will create extinction events. Species occurring in aquatic habitat types such as springs, seeps, 
marshes, and small headwater streams are at the greatest risk for continued population decline. 
Degradation and reduction of aquatic habitats has occurred statewide but some regions have 
experienced greater levels of habitat loss. 

The status of anadromous salmonid populations and their habitat can be taken as one measure of 
change in aquatic and riparian resource health. Annual estimates of salmonid population levels exhibit 
marked variation due to a large number of interacting environmental conditions. These include specific 
stream habitat availability to accommodate freshwater life history requirements, water quality and 
availability, rainfall pattern as an influence on stream flow and juvenile migration rate, oceanic 
conditions during early residence, level of commercial and recreational harvest, and historic and 
current land use activities (e.g., agriculture, water diversions, dispersed recreation, off-highway vehicle 
use, timber management, mining, grazing, and urbanization). These and other environmental 
conditions have resulted in long-term downward trends in population for specific salmonid stocks and 
for some, formal listing under the California and/or federal Endangered Species Act. 

Regional Water Quality Control Boards (RWQCBs) are required to identify waterbodies with 
impairments to beneficial uses, under section 303(d) of the Clean Water Act, using a method termed 
Total Maximum Daily Loads (TMDLs). This process identifies miles impaired, pollution types, and 
pollution sources. The RWQCBs then develop implementation plans to improve water quality. A review 
of the 2010 TMDL impairment lists reveals that California has over 26,000 miles of impaired streams. 
This represents about 14 percent of the total miles of streams and rivers in California. Impairment 
information for RWQCB watersheds provides a description of the cause of pollution that result in 
impairment. Most watercourses have many different potential causes and include silviculture, 
rangeland grazing, and agriculture as at least one of the causes of impairment (Table 6.4.6). The high 
percentage of impairments identified as unknown indicates uncertainty in identifying nonpoint 
pollution sources 
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Over 60 percent of the impaired waterbodies in the North Coast Region list silviculture as one of 
the causes of pollution. Rangeland grazing activities are one listed cause of impairment on 
approximately 42 percent of the impaired waterbodies in the Lahontan RWQCB region (Sierra Nevada 
Range). 

Table 6.4.6 
Sources of Non-Point Pollution in California’s Impaired Lakes, Wetlands, 
and Rivers, 2010 

 

SOURCE CATEGORY Rivers & 
Streams 

Lakes & 
Waterbodies 

Freshwater 
Wetlands 

Agriculture 67,925 1,343,575 76,643 

   Agriculture-grazing 2,490 925 - 

   Pasture Grazing-Upland/Riparian 3,038 349,986 - 

   Range Grazing-Upland/Riparian 10,886 5,394 - 

Atmospheric Deposition 477 2,320 - 

Construction/Land Development 14,045 1,271,815 62,590 

Groundwater Related 775 703,325 3,045 

Habitat Modification 74,165 98,874 - 
Hazardous Waste Sites And 
Storage 0 658,128 - 

Hydromodification 84,348 16,075 - 

Industrial Activities (Oil) 49 1,232,998 - 

Industrial Wastewater 5,595 738,044 - 

Marinas And Recreational Boating 12 135,184 - 

Miscellaneous 5,281 673,136 - 

Municipal Wastewater 8,814 336,763 - 

Natural Sources 21,522 1,288,535 62,591 

Other Runoff 2,879 385,677 - 

Recreation Areas And Activities 424 393,975 - 

Resource Extraction 18,183 628,675 3,045 

Sediment 42 279,524 - 

Silviculture 41,460 297,500 - 

Source Unknown 27,076 1,625,806 11,031 

Unpermitted Discharges 361 163,325 - 

Unspecified Nonpoint Source 30,650 3,078,228 62,590 

Unspecified Point Source 3,428 1,129,091 - 

Urban Runoff 8,785 1,658,526 - 

Waste Storage And Disposal 3,341 60,859 - 
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* Most waterbodies have more than one source of pollution. Therefore miles impaired by each 
pollution source do not add up to total miles impaired. See Sections 4.4 and 5.4 for additional 
information on water quality.  

6.4.11h   Cumulative Effects Potential – Criterion 1H 

Substantial alteration of sediment inputs to the aquatic environment or floodplain and riparian 
connectivity.  

Vegetation management activities in upland environments have the potential to alter watershed 
conditions by changing the quantity and size distribution of sediment. These alterations can lead to 
stream channel instability, pool filling by coarse or fine sediment, channel aggradation, increased 
turbidity, or introduction of fine sediment to spawning gravels. Stream sedimentation can result in 
significant effects to aquatic habitat and in turn on fish and other aquatic species populations. 

Fine sediment delivery to streams can be reduced significantly by streamside buffer strips. The 
ability of riparian buffer strips to control sediment inputs from surface erosion depends on several site 
characteristics, including the presence of vegetation or organic litter, slope, soil type, and drainage 
characteristics. These factors influence the ability of buffer strips to trap sediments by determining the 
infiltration rate of water and the velocity of overland flow. In addition, activities within the riparian 
zone that disturb or compact soils, destroy organic litter, or remove large down wood can reduce the 
effectiveness of riparian buffers as sediment filters (Spence et al., 1996). Burning within the riparian 
zone is one such action that can reduce or diminish buffer effectiveness in the short term until a new 
duff and vegetation layer redevelops. Although fires are not currently prescribed in riparian buffers, 
incidental burning could occur within them if adjacent prescribed burns move into the riparian zone. 

Sediment budgets and erosion studies have shown that sediment sources are not distributed 
uniformly across a watershed. The most predominant sources often represent a relatively small 
portion of the watershed. For the Van Duzen River basin, Kelsey (1980) attributed 50 percent of the 
sediment budget to six percent of the drainage area. Lewis and Rice (1991) reported an average 
harvest area erosion of 1,100 cubic meters (m3) per square kilometers (km2) based on measurement of 
erosional features. Their study noted that most sediment yield from harvest areas came from critical 
sites occupying a small portion of the landscape. 

Erosion from forest roads can be a persistent source of sediment in a watershed. For example, a 
sediment budget developed as part of the management plan for the Jackson Demonstration State 
Forest (JDSF) estimated the average sediment yield for JDSF to be 856 tons/mi2/year for the period 
from 1958-1997 (CAL FIRE, 1999). Road related surface erosion and landsliding were the dominant 
sources accounting for 74 percent of the sediment budget. Background surface erosion was low, 
suggesting that in undisturbed forests surface erosion plays a minor role in sediment delivery. A 
detailed sediment budget for Freshwater Creek produced similar results (CAL FIRE, 1999). From 1988-
1997, the average sediment input rate was estimated to be 420 tons/mi2/year. Management activities 
were shown to be a major source of the sediment budget. Surface erosion from roads was the largest 
contributor of management related sediment (59 percent), followed by road related landslides (29 
percent), and smaller inputs for harvest related landslides and surface erosion. Sediment inputs from 
natural sources represented more than a third of all sediment inputs over the 10-year period, but were 
highly variable among sub-basins.  
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Road networks in working landscapes are often extensive and difficult to maintain. Recent studies 
suggest that the connectivity of roads to stream channels increases sediment delivery and affects 
runoff processes. With forest roads, the highest erosion rates tended to be associated with the initial 
road construction period overlapping with major storms. However, a high incidence of landslides (mass 
wasting) is also correlated with steep slopes, unstable soils, and road location and design. Controlling 
road drainage and avoiding construction of roads on sidecast are shown to prevent fill failures and 
major debris torrents. Less erosion is observed with improved road design as well as location and 
roadside erosion control practices. Where forest roads cross streams, a culvert is the typical structure 
used to pass the stream flow under the road. When such culverts are sized too small, they may impede 
storm flows and associated debris. If they do, water will back up and may eventually overtop the road 
and erode all or part of the road surface and fill. This development results in a large input of sediment 
to the stream. 

Forest roads can be designed to significantly minimize erosion and downstream sedimentation in a 
cost effective manner. Low maintenance, low impact roads can be constructed on forests and 
rangelands (Weaver and Hagans, 1994). How road systems are built and managed has changed 
dramatically in the past two decades due to improved awareness of road effects on watershed health, 
along with heightened regulatory scrutiny for clean water and endangered aquatic species (Cafferata 
et al., 2007). National forest managers, for example, conducted a thorough roads analysis to determine 
the risks and opportunities for each road, especially the effect on water quality (Gucinski et al., 2000). 
The California Forest Practice Rules (FPRs) for roads have evolved to require increasingly stringent 
standards for roads associated with timber harvest on non-federal lands. Some low value roads are 
being “decommissioned,” meaning permanently removed from the transportation network. 
Timberland and ranch managers are learning and applying better practices. Because of all of the above, 
forest roads today are not all created or managed equally in California, and their impact on water 
quality varies tremendously. 

A variety of ecological relationships exists between riparian zones and, when present, the adjacent 
floodplain forest. Floodplains may act as both sources and sinks of organic material, coarse woody 
debris, and sediment. Organic materials within floodplains are processed into forms that are more 
easily transported and utilized by stream biota and during periods of high flows, these areas also serve 
as refugia for fish species, particularly the young age classes in overflow channels. Riparian and 
floodplain buffer widths necessary to maintain these values are dependent on site specific 
characteristics and flood magnitude (Cafferata et al., 2005). In general, the flood prone zone includes 
riparian forests that occur on floodplains and low terraces along channels that migrate over their valley 
floors. 

Determination of Significance – Criterion1H 

With project level management and mitigation measures in place and as assessed at the scale of 
the bioregion, the cumulative effects of VTP treatments and related activities on watercourse sediment 
levels are expected to be negligible or immeasurable. New roads will not be constructed and riparian 
buffer strips will be required. The cumulative effects are considered less than significant and no further 
mitigation additional to that implemented at the scale of the project is required. 
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6.4.11i   Cumulative Effects Potential – Criterion 1I 

Short or long-term reduction of large woody debris recruitment and delivery potential. 

Large woody debris from coniferous trees is an important determinant of stream structural 
complexity particularly in areas where geology and topography do not provide for other instream 
structural elements such as boulders, in the Coast Ranges for example. Numerous studies have shown 
that large wood is an important component of fish habitat (Swanson et al., 1976; Bisson et al., 1987). 
Trees entering stream channels are critical for sediment retention (Keller and Swanson, 1979; Sedell et 
al., 1988), gradient modification (Bilby, 1979), structural diversity (Ralph et al., 1994), nutrient 
production (Cummins, 1974), and protective cover from predators. 

The potential for trees to enter a stream channel from tree mortality, windthrow, and bank 
undercutting in the riparian zone is mainly a function of slope distance from the stream channel in 
relationship to tree height. As a result, the zone of influence for large wood recruitment is determined 
by specific stand characteristics rather than an absolute distance from the stream channel or 
floodplain. Slope and prevailing wind direction are other factors that can affect the amount of large 
wood recruited to a stream (Spence et al., 1996). 

May and Gresswell (2003) examined the relative contribution of processes that recruit and 
redistribute large wood in headwater streams. Stream size and topographic setting strongly influenced 
processes that delivered wood to the channel network. In small colluvial channels draining steep 
hillslopes, processes associated with slope instability and windthrow were the dominant means of 
large wood recruitment. 

Reid and Hilton (1998) documented wood recruitment source distances for a steep headwater 
second growth coast redwood watershed. They reported that about 90% of the instances of large 
wood input occurred from tree falls within 115 feet (35 m) of the channel in un-reentered second 
growth redwood/Douglas-fir forests in the North Fork of Caspar Creek, located in western Mendocino 
County.  

The Forest Ecosystem Management Assessment Team (FEMAT, 1993) concluded that the 
probability of wood entering the active stream channel from greater than one tree height is generally 
low. Two widely used models of large wood recruitment also assume that large wood from areas 
outside one tree height seldom reaches the stream channel (Van Sickle and Gregory 1990; Robison and 
Beschta, 1990). Additional studies support the contention that most large wood is recruited from 
within 20 m (66 ft) to 40m (130 ft) of the channel bank. For example, Benda et al., (2002) reported that 
in the absence of landsliding, wood recruitment in both old-growth and second-growth. Humboldt 
County study sites originated from within 20 to 40 m of the stream. The four main input mechanisms 
for their second-growth forest sites in the Van Duzen River watershed included bank erosion, 
mortality, landsliding, and anthropogenic (or logging related), and averaged 18%, 21%, 13%, and 50%, 
respectively.  

The potential size distribution of large wood is also an important factor when considering the 
appropriate activities in buffer strips relative to large wood potential recruitment. Larger pieces of 
wood form key structural elements in streams, which serve to retain smaller debris that would 
otherwise be transported downstream during high flows (Murphy, 1995). (Spence et al., 1996). The 
size of these key pieces is approximately 12 inches or more in diameter and 16 feet in length for 
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streams less than 16 feet wide and 24 inches or more in diameter and 39 feet in length for streams 
greater than 66 feet wide (Bisson et al., 1987). As a result, riparian management zones must ensure not 
only an appropriate amount or volume of wood, but wood of sufficient size to serve as “key pieces”. 

Coniferous large wood significantly outlasts deciduous large wood in the stream system (Harmon 
et al., 1986; Grette, 1985). Simply setting aside buffers of second-growth hardwoods does not provide 
optimal large wood input over the short term, because unassisted recovery of these areas to pre-
logging coniferous large wood recruitment levels may take 100 to 200 years.  

Land management and VTP activities that influence tree growth rate, stand density, and mortality 
rate will determine recruitment of aquatic large wood debris (LWD) (>10cm in diameter and >1m in 
length; Naiman et al., 2002). Ultimately, a sustained balance must be established between forest stand 
development through phases of stem exclusion (natural tree mortality and adjustment of stand tree 
density) or periodic pre-commercial/commercial thinning and the rate at which trees of a desired 
species and size can be recruited to the aquatic environment through windthrow, fire, lateral bank 
undercutting, or other means of tree mortality. These riparian forest stand composition variables are 
further influenced by site specific variables such as existing forest stand structure and composition, soil 
productivity, influence of competing vegetation, stream size and ability to transport LWD material, and 
current LWD loads and residence time. 

VTP thinning in conjunction with other land management actions conducted in the riparian zone 
have the potential to either enhance or diminish development and recruitment of LWD to the aquatic 
environment depending on silvicultural prescription applied, degree of impact to existing trees, and 
the ecological variables previously described. VTP management practices which may influence aquatic 
LWD development and recruitment potential are not readily assessed at the scale of the bioregion. 
Projects with that potential are expected to be uncommon, small in extent, and distributed over a wide 
area.  

Wildfire consumes debris jams, key pieces and reduces overall wood volume, while post wildfire 
increases in stream discharge increase transport and accumulation of existing LWD (Berg et al., 1998). 
To the degree that VTP projects reduce the frequency, extent or intensity of wildfire, aquatic LWD 
feature presence is likely benefited. 

Determination of Significance – Criterion 1I 

 With project level management and mitigation measures in place and as assessed at the scale of 
the bioregion, the cumulative effects of VTP treatments and related activities on aquatic large woody 
debris recruitment and delivery mechanisms are expected to be negligible or immeasurable. The 
cumulative effects are considered less than significant and no further mitigation additional to that 
implemented at the scale of the project is required. 

6.4.11j  Cumulative Effects Potential – Criterion 1J 

Substantial reduction in stream bank stability  

Streambank erosion is a natural process that occurs sporadically in forested and nonforested 
watersheds (Richards, 1982). Under natural conditions, this process is part of the normal equilibrium of 
streams. The forces of erosion (water), resistance (root strength and bank material), and sediment 
transport maintain an important balance. Human activity can accelerate streambank erosion. 
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The roots of riparian vegetation help bind soil together, which makes streambanks less susceptible 
to erosion. Riparian vegetation can also provide hydraulic roughness elements that dissipate stream 
energy during high or overbank flows, which further reduces bank erosion. In most cases, vegetation 
immediately adjacent to the stream channel is most important in maintaining bank integrity (FEMAT, 
1993); however, in wide valleys with shifting unconfined stream channels, vegetation throughout the 
floodplain may be important over longer periods. 

Riparian vegetation also can provide hydraulic elements that dissipates stream energy during high 
or overbank flows, which further reduces bank erosion. Although there are limited data quantifying the 
effective zone of influence relative to root strength, FEMAT (1993) concluded that most of the 
stabilizing influence of riparian root structure is probably provided by trees within 0.5 potential tree 
height of the stream channel. Overall, buffer widths for protecting other riparian functions (e.g., large 
wood recruitment and shading) are likely adequate to maintain bank stability if they are performing 
most of those functions. 

Harvesting of trees adjacent to streams can lead to a loss of root strength, thus making 
streambanks more susceptible to erosion. Important alterations of the system components that may 
result from timber harvesting activities include: 1) removing trees from or near the streambank; 2) 
changing the hydrology of the watershed; and 3) increasing the sediment load, which fills pools and 
contributes to lateral scour by forcing erosive stream flow against the streambank (Pfankuch, 1975; 
Cederholm et al., 1978; Chamberlin et al., 1991). With respect to the northern California coast, 
however, it is noteworthy that redwoods, the dominant conifer along many streams, resprout 
following harvesting. As a result, decreases in redwood root strength are typically lower than in other 
forest types. 

Reid et al., (2010) reported that in-channel erosion (including streambank erosion) associated with 
hydrologic change is an important source of postlogging sediment at Caspar Creek, where logging 
increased winter peak flows. Common sediment-control measures, such as use of riparian buffer strips 
and reduction of road surface erosion, are not effective for reducing sediment input from this source. 
VTP practices, however, are not anticipated to significantly increase winter peak flows, due to low 
prescribed burn intensities and lack of clearcutting watersheds. Robichaud et al., (2010) reported that 
if areas are burned at low severity, the potential for increasing erosion rates and peak flows is 
relatively small. 

VTP management practices which may influence streambank stability are not readily assessed at 
the scale of the bioregion. Streambank erosion is largely a localized process and determining relative 
contribution of effects that result in a significant cumulative effect contribution and assessed at the 
scale of a bioregion is not possible  

Wildfire consumption of upland vegetation and post wildfire increases in stream discharge can 
result in streambank instability depending on stream size, wildfire impact on streamside vegetation, 
and other environmental variables. To the degree that VTP projects reduce the frequency, extent or 
intensity of wildfire, streambank stability is likely benefited. 

Determination of Significance – Criterion 1J 

VTP projects with the potential to make a cumulative effect contribution to existing areas of 
streambank instability are expected to be uncommon, small in extent, and distributed over a wide 
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area. Increase in stream discharge as a result of watershed disturbance requires significant change in 
extent of vegetation cover (Lewis et al., 1998, Reid et al., 2010) and would likely exceed thresholds for 
consideration of a VTP project. With project level management and mitigation measures in place and 
as assessed at the scale of the bioregion the cumulative effects of VTP treatments and related activities 
on streambank stability are expected to be negligible or immeasurable. The cumulative effects are 
considered less than significant and no further mitigation additional to that implemented at the scale 
of the project is required. 

6.4.11k   Cumulative Effects Potential – Criterion 1K 

Reduction of headwater or spring/seep environments to function as amphibian habitat; or provide 
sediment retention, nutrients, and woody debris to downstream environments. 

Headwater streams and drainages (Forest Practice Rule Class II and III) are areas that contribute to 
stream ecosystem function. These areas can represent 60-80% of total channel length in mountainous 
terrain (May and Gresswell, 2003a). These small streams contribute structural components such as 
large woody debris, spawning gravels and stream substrate, and invertebrate and detritus inputs. 
These sites also contribute to water quality and provide for storage of potentially deleterious fine 
sediment. Similarly, they can have a strong influence on the rates of sediment and wood delivery to 
larger watercourses, and consequently, habitat value for a variety of aquatic and semi-aquatic 
vertebrates and other biota (Welsh et al., 1998). Management approaches aimed at restoration and 
management of watershed processes, rather than individual habitat characteristics, may be more 
effective in developing complex stream channel structure (May and Gresswell, 2003b). The underlying 
assumption is that movement toward restoration of natural processes and levels of sediment 
production, large woody debris recruitment, and other stream function processes, will be positive for 
stream biota.  

Disturbance as an Influence on Headwater Stream Ecosystem Structure and Function 

The structure and function of stream ecosystems has been extensively studied and reinforces the 
concept of the “river continuum” (Vannote et al., 1980). That being that energy and organic material 
inputs to stream processes change in a predictable way along the stream course from headwaters to 
downstream reaches. A variety of land uses, including timber harvest and forest management, can 
influence background erosion and sedimentation regimes, recruitment of large woody debris and other 
ecological processes. The delivery, time in residence, and transport of these additional sediments and 
woody debris influence stream channel conditions and associated biota. Change in vegetation in the 
vicinity of headwater streams can markedly alter the function of these stream types and those larger 
stream systems supported. Change in the efficiency of the channel to recharge groundwater, meter 
trapped sediments and water flow, and process organic material and other nutrients for use by aquatic 
biota downstream can be expected. Past management practices that reduced local sources of wood 
and rate of wood recruitment increase the relative importance of wood contributed by debris flows in 
colluvial tributaries where this means of recruitment occurs. Most debris flows in the northern 
California Coast Ranges originate from zero-order colluvial-filled hollows. The principle influence of 
vegetation along Class III channels on the mobilization of debris is the presence of in-channel large 
trees that could slow or stop mobilized sediment and debris under some circumstances or contribute 
large wood at other times. Because debris flow potential is not universal, WLPZ boundaries cannot be 
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used as a surrogate to actual site inspection for potential zones of failure (T. Spittler, pers. comm. 
10/28/04). 

Type disturbance has markedly different results on the structure and function of stream and 
associated riparian ecosystem processes. For example, floods, fire, and mass wasting events are 
generally less frequent and result in large localized changes to stream system processes, whereas, 
timber harvest, land conversion, agricultural and urban development are more frequent, but the area 
effected can be smaller in spatial extent. Treatment methods associated with the VTP and other similar 
land management activities can alter headwater stream system function and habitat quality. Significant 
vegetation removal by any means can release perched sediment deposits, alter habitat quality by filling 
interstitial spaces in the streambed, and reduce large woody debris and consequently volume of 
sediment storage capacity. In general, the topographic placement of many headwater stream and seep 
environments prevent or make impractical vegetation treatment by mechanical means. Similarly, 
where these environments are accessible to other VTP methods they are effectively avoided or 
excluded from treatment during project level planning and implementation. Prescribed fire as a 
vegetation treatment method has the greatest potential to negatively impact these stream 
environments by removing woody debris, releasing stored sediments and altering vegetation cover, 
habitat conditions, and microclimate.  

Headwater Habitat Relationships.  

Because of the small size of headwaters and close connection with uplands, these areas are readily 
influenced by adjacent land uses. Species that inhabit headwater environments can be especially 
vulnerable to habitat alteration. These species, amphibians and other taxa, generally achieve higher 
population densities in headwater habitats. In addition, individual species inhabiting headwater 
habitats generally exhibit low levels of vagility (mobility) sometimes spending their entire life cycle in a 
few square meters of habitat (Sheridan and Olson, 2003). Recolonization of suitable vacant habitat 
may require extensive periods of time or, lacking movement into vacant habitat, result in local 
population extirpation. 

Headwater stream reaches, lacking fish populations, provide areas with little or no fish predation 
pressure to the benefit of several aquatic and semi-aquatic amphibians. Amphibians that breed 
primarily in stream habitats represent a large component of stream biomass and in the Pacific 
Northwest may exceed fish in both numbers and biomass (Hawkins et al., 1983). Welsh and Ollivier 
(1998) examined the effect of sediments on aquatic amphibian densities in coast redwood. Three 
species were sampled in numbers sufficient to be informative: tailed frog (Ascaphus truei, larvae), 
Pacific giant salamander (Dicamptodon tenebrosus, paedomorphs and larvae), and southern torrent 
salamander (Rhyacotriton variegatus, adults and larvae). Densities of amphibians were significantly 
lower in the streams impacted by sediment. While sediment effects were species-specific, reflecting 
differential use of stream microhabitats, the shared vulnerability of these species to infusions of fine 
sediments was probably the result of their common reliance on interstitial spaces in the streambed 
matrix for critical life requisites, such as cover and foraging. Studies by Diller and Wallace (1996) and 
Wilkins and Peterson (2000) indicate persistence of headwater amphibians in managed forests and 
demonstrate the need to focus on importance of abiotic features such as parent geology, topography 
and channel characteristics to predict species distribution and responses to disturbance. 
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Determination of Significance – Criterion 1K 

Identifying the cumulative downstream effects on biota that result from modifications along 
headwater streams is recognized as a research gap (MacDonald, L. and D. Coe, 2007). Headwater 
stream ecosystems vary greatly in terms of how they function both locally and at a basin scale. This 
variability manifests itself in differences in channel morphology, hydrologic regime, and riparian and 
biological characteristics. The variability of these small headwater streams therefore challenges the 
manager’s ability to predict process and management effects at a large scale (MacDonald, L. and D. 
Coe, 2007). Several headwater stream protection measures are described in the project development 
checklist and include equipment limitation and exclusion zones and stipulations on the use of 
prescribed fire. With project level management and mitigation measures in place and as assessed at 
the scale of the bioregion the cumulative effects of VTP treatments and related activities on headwater 
stream and seep environments, ecological processes, and associated biota are expected to be 
negligible. The cumulative effects are considered less than significant and no further mitigation 
additional to that implemented at the scale of the project is required. 

6.4.11l   Cumulative Effects Potential – Criterion 1L 

Substantial reduction in forest canopy nutrient input to stream systems. 

Vegetation management practices can lead to changes in leaf litter distribution and dynamics in 
upland and riparian areas, which in turn affect availability in streams. Harvest intensity (i.e., the 
proportion of forest canopy removed) and cutting frequency affect the rate of nutrient removal from 
the system (Beschta et al., 1995). 

Detritus enters a stream primarily by direct leaf or debris fall, although organic material may also 
enter the stream channel by overland flow of water, mass soil movements, or shifting of stream 
channels. Few studies have been done relating litter contributions to streams as a function of distance 
from the stream channel; however, it is assumed that most fine organic litter originates within 100 feet 
or approximately 0.5 tree height from the channel (FEMAT, 1993). In most cases, however, buffers 
designed to protect most large wood recruitment would likely ensure nearly 100 percent of detrital 
input (Spence et al., 1996). Spence et al., (1996) concluded that a buffer width of 0.75 of a site-
potential tree height is needed to provide full protection for litter inputs. 

Stand age significantly influences detrital input to a stream system. Detrital input from outside the 
stream channel was estimated to be two times as high in old-growth forests as in either 30- or 60-year-
old forests (Richardson, 1992) and could be as much as five times as high in old-growth forests as in 
recently clearcut forests (Bilby and Bisson, 1992). However, reduced levels of detrital input into 
streams attributable to streamside timber harvesting is somewhat offset by concomitant increases in 
detritus production within stream channels (primarily dead algae and other aquatic plant debris). 
Reduced riparian forest canopy increases light levels and, therefore, the production of algae. The 
abundance and composition of detritivore (macroinvertebrates that process detritus) assemblages in 
streams are determined largely by the plant composition of riparian zones (Gregory et al., 1991). 
Therefore, changing the stand composition may alter the macroinvertebrate composition. 

In the North Fork of Caspar Creek within California’s redwood region, most macroinvertebrate and 
algal variables increased significantly after logging. Macroinvertebrates increased because of increased 
stream algae. Algae increased because of increased light, water temperature, and nutrients. Logging 
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effects on the North Fork of Caspar Creek biota were often not dramatic because forest practices 
minimized the effects. The three most important practices that ameliorated the effects were the 
presence of riparian buffer zones, absence of roads near the stream, and use of cable yarding which 
minimized soil disturbance (Bottroff and Knight, 1996). 

Determination of Significance – Criterion 1L 

With project level management and mitigation measures in place and as assessed at the scale of 
the bioregion the cumulative effects of VTP treatments and related activities on forest canopy nutrient 
input to stream systems is negligible. The cumulative effects are considered less than significant and no 
further mitigation additional to that implemented at the scale of the project is required. 

Summary 

Contribution of the VTP to existing, past or expected future land disturbance activities at a level 
that would result in a significant cumulative effect or any effect above a deminimus level is not 
expected to occur. Therefore no additional mitigations to address cumulative effects to aquatic 
resources or riparian function are required beyond those identified in Chapter 5. 

Landscape constraints and Minimum Management Measures identified for Wildlife (Section 5.5.2), 
Aquatic Resources (Section 5.5.1) and Water Quality and Quantity (Section 5.7) will, in the aggregate, 
reduce cumulative, direct and indirect effects to aquatic resources and riparian function to a less than 
significant or deminimus level as assessed at the scale of the bioregion. Reduction in the occurrence of 
high severity wildfire as a result of vegetation treatment technique application is expected to provide 
additional benefits to aquatic resources although to a degree not presently determinable. 

The statewide acreage ten-year average proposed for treatment within the VTP ranges from 
470,000 acres in Alternative 1 to 2,500,000 acres for the Proposed Program and Alternatives 2 and 3, 
which is per decade between 1% and 6% of the 37-million acre program area. This means that there 
will be very few projects spread over many acres, and the probability of numerous projects occurring in 
a single watershed is very low, even over 10 years. The treatment types, proportions by bioregion and 
percent of watersheds in varying disturbance classes are listed in Chapter 5 for the Program and 
Alternatives. 

Assuming that the percent area treated in a watershed is proportional to the percent of stream 
miles directly affected in a watershed allows use of Table 5.0.7 to roughly estimate the proportion of 
stream channels directly affected from implementing the Program and Alternatives 2 and 3. On an 
annual basis, 88% of watersheds in the state receive no treatment and 98% of watersheds have less 
than 10% of their area (proportional to stream length) treated (see Chapter 5). Alternatives 1 and 4 
treat even less area (Table 5.0.8). 

Similarly, when all land disturbing activities are summed by bioregion (Table 6.2.11), the relative 
contribution of VTP projects to similar land disturbing activities provides a relative impact contribution 
perspective. 

The majority of the VTP will utilize prescribed fire to meet vegetation treatment objectives 
(115,000 acres of the 217,000 acre ten-year average in the Proposed Program (Table 2.4)). Most of 
California’s ecosystems have evolved with recurring fire. The plant communities, topography, 
elevation, and climatic conditions influence the “fire regime,” the frequency and intensity of fire for a 
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specific plant community (McKelvey et al., 1996). In turn, the extent and intensity of fire influence 
ecological processes, shapes plant communities, and affects biological resources. A continuum of fire 
regimes has evolved in various plant communities. For example, historically, ponderosa pine-
dominated mixed conifer forests of the Sierra had a fire regime of frequent, low- to moderate- 
intensity fires. Before fire suppression, such a fire regime along with other conditions maintained a 
plant community of large, well-spaced trees. At higher elevations, lodgepole pine communities evolved 
with less-frequent but more-severe fires (McKelvey et al., 1996). Similarly, across the West, including in 
the Sierra Nevada and Modoc Plateau, aspen are in decline. Heavy livestock grazing reduced fire 
frequency, historically high numbers of foraging deer in the 1950s and 1960s, the drying of meadows, 
and conifer encroachment have all contributed to the decline of aspen stands. Less-frequent fire over 
the past century has limited aspen regeneration. The results of prescribed fires in the Sierra have 
shown excellent ecological benefits (Keifer et al., 2000). However, while the increasing use of 
prescribed fire is considered a necessary tool to restore ecosystems and reduce the risk of catastrophic 
wildfire, it is currently applied to too few acres in certain bioregions such as the Sierra. Returning fire 
to fire adapted plant communities presents great challenges. The fire threat to people and expanding 
communities, excessive fuel loads created by fire suppression and past management practices, effects 
on air quality and conflicts with clean-air laws, and liability all impose difficult constraints on the 
increased use of prescribed fire. Even with the land managers best efforts to reduce fire conflicts and 
risks, in many areas, reintroducing fire at the scale of the project will not be practical or politically 
possible, at least as a first treatment. Alternative vegetation treatment methods may need to be 
employed at potentially greater cost and with fewer ecological benefits. 

Cumulative Direct Effects of Herbicides to Aquatic and Riparian Resources 

Section 5.17 summarizes the environmental and human health effects arising from herbicide use 
under the Proposed Program or the Alternatives. This section discusses the cumulative direct effects of 
herbicide use on wildlife and botanical resources separate from the indirect effects of habitat 
alteration addressed above. Under the Proposed Program a total of 19,620 acres could be treated 
annually with lesser acreage treated depending on Alternative (Table 5.17.3). The acreage reported 
includes the use of herbicides used in conjunction with other treatment methods such as “brown and 
burn” and treatment maintenance. The Proposed Program also has a far greater number of herbicide 
treatment projects (75) than any of the Alternatives (68 more than Alternative 1, 75 more than 
Alternative 2, 42 more than Alternative 3, and 57 more than Alternative 4). Thus, based solely on area 
treated, if the cumulative effect contribution of herbicide treatments in the Proposed Program is 
negligible or less than significant at the scale of a bioregion, then that finding would also apply to the 
Alternatives. 

Herbicides will be potentially used in the Proposed Program and Alternatives 1, 3, and 4 to treat 
only terrestrial vegetation and only by applications from the ground While aquatic environments are 
not specifically buffered from spray projects, other than through court orders applicable to specific 
areas and chemicals, specific LCs (3 and 5) and MMRs (5, 6, 11 through 16) require buffers to protect 
special status aquatic species. While Landscape Constraint 1 does not preclude herbicide treatments 
within Class I or II watercourse buffers, it does require vegetation within and adjacent to Class III 
watercourses to be retained, as feasible, to protect water quality, which will preclude herbicide 
treatments. Although Landscape Constraint 3 permits herbicide treatments of wet meadows, marshes, 
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vernal pools, and other wet areas for habitat improvement, measures necessary to minimize damage 
to the wetlands are required. Such measures will likely preclude the application of 2,4-D (EHE ester) 
and may preclude all herbicide treatments. 

Determination Threshold Applicable to Aquatic and Riparian Resources 

For the purposes of the following evaluation, impacts from the Proposed Program and the 
Alternatives are considered “significant” within an appropriate time-frame and ecological context if 
they cause relatively high magnitude, persistent, or permanent changes to: 

• Biological resources protected by local, State, or Federal protection plans, policies, and 
regulations. 

• Population size, distribution, viability, or recovery potential of a special status species. 

The only herbicide analyzed that is highly toxic to sentient aquatic lifeforms is 2,4-D (EHE ester). 
One product label (Weed Rhap LV-6D) prohibits application of this herbicide “directly to water, or to 
areas where surface water is present or to intertidal areas below the mean high water mark.” It also 
prohibits applications “when weather conditions favor drift from the target area.” The main mode of 
2,4-D (EHE ester) transport offsite is by spray drift (see discussion above and in Appendix F. Drift will be 
minimized, as only ground spraying methods will be used. 2,4-D (EHE ester) is not likely to travel 
through groundwater into waterbodies. 

In 2005, 13,641 pounds of 2,4-D (EHE ester) were applied on 8,624 acres of forestland where 
reporting was required (state and private lands) and 394 pounds were applied on 1309 acres of 
rangeland (2005 PUR). This represents about 16.5% (pounds) and 7.9% (acres) of the total of all 
forestland herbicides analyzed in the Proposed Program and 2.6% (pounds) and 3.4% (acres) of the 
total of all rangeland herbicides analyzed. There is no reason to believe that the relative percentage of 
2,4-D (EHE ester) potentially applied in the Proposed Program will be less than in the past. Therefore, it 
can be concluded that about 734 acres of forestland per year and 220 acres of rangeland per year will 
potentially be treated with herbicide products containing 2,4-D (EHE ester) under the Proposed 
Program. 

The approximate percentage of forestland potentially treated with 2,4-D (EHE ester) in each 
bioregion is as follows: Sierra Nevada 41%, Sacramento Valley 29%, North Coast 24%, and Modoc and 
Bay Area 3% each. The approximate percentage of rangeland potentially treated with 2,4-D (EHE ester) 
in each bioregion is as follows: Central Coast 54%, South Coast 24%, Bay Area 18%, Sacramento Valley 
and Sierra Nevada 1% each. Adverse effects, if any, from this herbicide would most likely be to aquatic 
organisms found in forestland applications in the Sierra Nevada, Sacramento Valley, and North Coast 
Bioregions and in rangeland applications in the Central and South Coast and Bay Area Bioregions. 

In summary, with the exception of 2,4-D (EHE ester), the chemicals analyzed and likely to be 
applied under the Proposed Program are only slightly toxic to practically nontoxic, although no testing 
has been done on the effects to amphibians of most of the chemicals. At the normal application rates, 
methods of application (all ground based), and with the LCs and MMRs in the Proposed Program, short 
term, local effects to individual aquatic species are likely to be negligibly adverse and will most likely be 
due to improper handling (spills) or disposal of the herbicides. Long term, bioregional or statewide 
effects to individual aquatic species negligibly are also likely to be negligibly adverse. 
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Mitigations 

1A—None required with implementation of project level landscape constraints, minimum 
management requirements, and best management practices as assessed at the scale of the 
bioregion. 

1B— None required with implementation of project level landscape constraints, minimum 
management requirements, and best management practices as assessed at the scale of the 
bioregion.  

1C—As a management measure applied at the scale of the project, assess the likelihood of project 
scale effects to influence habitat condition of identified landscape scale linkages through 
coordination with local wildlife agencies. 

1D— None required VTP projects will not conflict with conservation plan provisions and may benefit 
attainment of plan goals and objectives. 

1E— None required with implementation of project level landscape constraints, minimum 
management requirements, and best management practices as assessed at the scale of the 
bioregion. 

1F—Implement snag and down log retention guidelines at the scale of the project and project level 
checklist. 

1G—Where the threat of non-native invasive plant establishment or range increase is substantial, 
utilize vegetation treatment methods and/or post-project follow-up measures to prevent 
establishment or where existing, control expansion. Implement procedures to minimize the 
likelihood of seed or propagule distribution from project equipment. 

1H—None required with implementation of project level landscape constraints, minimum 
management requirements, and best management practices as assessed at the scale of the 
bioregion. 

1I—None required with implementation of project level landscape constraints, minimum 
management requirements, and best management practices as assessed at the scale of the 
bioregion. 

1J—None required with implementation of project level landscape constraints, minimum 
management requirements, and best management practices as assessed at the scale of the 
bioregion. 

1K—None required with implementation of project level landscape constraints, minimum 
management requirements, and best management practices as assessed at the scale of the 
bioregion. 

1L—None required with implementation of project level landscape constraints, minimum 
management requirements, and best management practices as assessed at the scale of the 
bioregion. 
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6.5 Cumulative Effects Summary 
The following table provides a comparison of cumulative effects by resources topic and for each alternative. 

Table 6.5.1  
Summary of Potential Adverse and Beneficial Cumulative Effects at Project or Bioregional Scales of Assessment 

 

Cumulative Effects Potential for the Various EIR Alternatives* 
Potential for Significant Adverse Cumulative 

Effects 
Potential for Significant Beneficial Cumulative 

Effects 

Resource Area 

Yes after 
mitigation 

(a) 
No after 

mitigation (b) 

No reasonably 
potential 

significant adverse 
effects  

(c) 

Yes without 
mitigation 

(a) 

Yes after 
mitigation 

(b)  

No reasonably 
potential significant 

beneficial effects  
(c) 

Geology and Soils – 2a: increase landslides  X     
Geology and Soils – 2b: increase soil erosion  X     
Wildland Fire Risk and Severity   X  X   
Wildlife and Botanical Resources –1A, 1B: 
species of concern, habitat, or range    X  4 

Wildlife and Botanical Resources—1D: 
conservation plan objectives  X   X  

Wildlife and Botanical Resources--1C,1E: 
species movement and population 
sustainability 

   X   

Wildlife and Botanical Resources—1F: non-
native invasives  X   X  

Wildlife and Botanical Resources—1G: habitat 
elements  X   X  

Aquatic and Riparian Resources—1H, 1I, 1J: 
sediment, large woody debris, streambank 
stability 

 X     

Aquatic and Riparian Resources—1K: 
headwater stream processes       

Aquatic and Riparian Resources—1L: aquatic 
nutrient input       
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Table 6.5.1  
Summary of Potential Adverse and Beneficial Cumulative Effects at Project or Bioregional Scales of Assessment 

 

Cumulative Effects Potential for the Various EIR Alternatives* 
Potential for Significant Adverse Cumulative 

Effects 
Potential for Significant Beneficial Cumulative 

Effects 

Resource Area 

Yes after 
mitigation 

(a) 
No after 

mitigation (b) 

No reasonably 
potential 

significant adverse 
effects  

(c) 

Yes without 
mitigation 

(a) 

Yes after 
mitigation 

(b)  

No reasonably 
potential significant 

beneficial effects  
(c) 

Air Resources (Quality)  X 3  X  
Air Resources (Visibility)  X 3  X  
Visual / Aesthetic Resources   X    
Water Resources – 1a: alter flows   X    
Water Resources – 1b: degrade water quality  X     
Recreation Resources  X     
Archaeological and Cultural Resources   X X   
Noise  X     
Population and Housing  X     
Transportation and Traffic    X    

Note: Unless otherwise stated an “X” in the matrix refers to both the Proposed Program and the Alternatives. The number refers to the Alternatives 1 through 4. 
 

 
 
 
 
 
 
 
  
 



Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-a 

 

Literature Cited 
Agee, J.K., B. Bahro, M.A. Finney, P.N. Omi, D.B. Sapsis, C.N. Skinner, J.W. van Wagtendonk, and 

C.P. Weatherspoon. 2000. The use of shaded fuelbreaks in landscape fire management. 
Forest Ecology and Management 127: 55-66.  

Ahuja, P. S. 2006. Medicinal Plants in Mega diverse Countries: Feature Prospects. Pp. 145-158 
In: Verma, D. et al., (eds.), Perspectives on Biodiversity A Vision for Mega diverse 
Countries. Ministry of Environment and Forests, Government of India 

Bass, R., Herson, A., and K. Bogdan, CEQA Deskbook, Solono Press Books 

Benda, L.E., N.L. Poff, C. Tague, M.A. Palmer, J. Pizzuto, S. Cooper, E. Stanley, and G. Moglen. 
2002. How to avoid train wrecks when using science in environmental problem solving. 
BioScience 52:1127-1136. 

Berg, N., A. Carlson, and D. Azuma. 1998. Function and dynamics of woody debris in stream 
reaches in the central Sierra Nevada, California. Canadian Journal of Fisheries and 
Aquatic Science 55:1807-1820. 

Beschta, R.L., J.R. Boyle, C.C. Chambers, W.P. Gibson, S.V. Gregory, J. Grizzei, J.C. Hagar, J.L. Li, 
W.C. McComb, M.L. Reiter, G.H. Taylor and J.E. Warila. 1995. Cumulative Effects of 
forest practices in Oregon. Corvallis, Oregon: Oregon State University. Prepared for the 
Oregon Department of Forestry, Salem, OR. 

Bilby, R.E. 1979. The Function and Distribution of Organic Debris Dams In forest Stream 
Ecosystems. Ph.D. Dissertation. Cornell University, Ithaca, NY. 

Bilby, R.E. and P.A. Bisson. 1992. Allochthonous versus autochthonous organic matter 
contributions to the trophic support of fish populations in clear-cut and old-growth 
forested streams. Canadian Journal of Fisheries and Aquatic Sciences 49:540-551. 

Bisson, P.A., R.E. Bilby, M.D. Bryant, C.A. Dolloff, G.B. Grette, R.A. House, M.L. Murphy, K.V. 
Koski and J.R. Sedell. 1987. Large Woody Debris In forested Streams In the Pacific 
Northwest: Past, Present and Future. Pp. 143-190 In: E.O. Salo and T.W. Cundy (Editors), 
Streamside Management: forestry and Fishery Interactions. College of forest Resources, 
University of Washington, Seattle, WA.  

Bliss, J.C. 2000. Public Perceptions of Clearcutting. Society of American Foresters Journal of 
Forestry, vol. 98(12):4-9. 

Bossard, C.C., J.M. Randall and M.C. Hoshovsky (eds.). 2000. Invasive Plants of California’s 
Wildlands. University of California Press, Berkeley, CA. 

Bottorff, R.L. and A.W. Knight. 1996. The effects of clearcut logging on the stream biology of the 
North Fork of Caspar Creek, Jackson Demonstration State Forest, Fort Bragg, California-
1986 to 1994. Final Report. Contract No. 8ca63802.  

Brown, G.W. 1980. Forestry and water quality. Oregon State University, Corvallis, OR. 



Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-b 

 

CAL FIRE (California Department of Forestry and Fire Protection). 1999. Draft Habitat 
Conservation Plan/Sustained Yield Plan for Jackson Demonstration State Forest. 
Administrative Review Draft prepared by Stillwater Sciences, Berkeley, California 

CAL FIRE (California Department of Forestry and Fire Protection). 2003. California Fire Siege 
2003: The Story. California Department of Forestry and Fire Protection Web Site: 
http://www.fire. ca.gov/fire_er_siege.php.  

CAL FIRE, 2003b. The Changing California: Forest and Range 2003 Assessment. California 
Department of Forestry and Fire Protection, Forest and Resource Assessment Program, 
Sacramento, CA 

CAL FIRE, 2010. California’s Forests and Rangelands. 2010 Assessment. California Department of 
Forestry and Fire Protection, Forest and Resource Assessment Program, Sacramento, CA 

California Division of Mines and Geology. 1997. Factors affecting landslides in forested terrain. 
Note 50. Sacramento, CA.  

Caprio, A. C. and T. W. Swetnam. 1995. Historic fire regimes along an elevational gradient on 
the west slope of the Sierra Nevada, California. Pp. 173-179 In: Brown, J. K., R. W. 
Mutch, C.W. Spoon, and R.H. Wakimoto (Tech. Coords). Proceedings: Symposium on Fire 
in Wilderness and Park Management. USDA Forest Service; 1995; Gen. Tech. Rep. INT-
GTR-320.  

CARB (California Air Resources Board). 2005. http://www.arb.ca.gov/ei/see/see.htm 

Carlson and C. Christiansen, 1993. Eldorado National Forest, Cumulative Off-Site Watershed 
Effects (CWE) Analysis Process, Eldorado National Forest, Placerville, CA.  

Cederholm, C.J., L.C. Lestelle, B.G. Edle, D.J. Martin, J.V. Tagart and E.O. Salo. 1978. The effects 
of landslide siltation on the salmon and trout resources of Stequaleho Creek and the 
main Clearwater River, Jefferson County, Washington, 1972-1975. Final Report FRI-UW-
7804. University of Washington, Fisheries Research Institute. Seattle, Washington.  

Cedarholm, C.J. and E.O. Salo. 1979. The effects of logging road landslide siltation on salmon 
and trout spawning gravels of Stequaleho Creek and the Clearwater River Basin, 
Jefferson Co., Washington 1972-1978. Fisheries Research Institute, Seattle, WA.  

CH2M HILL. 1989. California livestock industry economic model. Sacramento, CA. 

Chamberlin, T.W., R.D. Harr and F.H. Everest. 1991. Timber Harvesting, Silviculture and 
Watershed Processes. Pp. 181-205 In: Influences of forest and rangeland management 
on salmonid fishes and their habitats. American Fisheries Society Special Publication 19. 

Cole, D. N. 1995. Defining fire and wilderness objectives: Applying limits of acceptable change 
In: Brown, J. K.; Mutch, R. W.; Spoon, C. W.; Wakimoto, R. H., tech. coords. Proceedings: 
Symposium on Fire in Wilderness and Park Management: Missoula, MT, March 30-April 
1, 1993. Gen. Tech. Rep. INT-GTR-320. Ogden, UT: U.S. Department of Agriculture, 
Forest Service, Intermountain Research Station: 42-47.  

Cummins, K.W. 1974. Structure and function of stream ecosystems. BioScience 24: 631-641. 

http://www.arb.ca.gov/ei/see/see.htm


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-c 

 

Curran, M.P., Maynard, D.G., Heninger, R.L., Terry, T.A., Howes, S. W., Stone, D.M., Niemann, T., 
Miller, R.E., and Powers, R.F. 2005. An adaptive management process for forest soil 
conservation. For. Chron. 81: 717–722. 

DPR (California Department of Pesticide Regulation). 2005. http://www.cdpr.ca.gov/  

DeBano, L.F. 1981. Water repellent soils: a state-of-the-art, Pacific Southwest Forest and Range 
Experimental Station, General Technical Report, PSW-46. Web Site: http://www.fs. 
fed.us/psw/publications/documents/psw_gtr046/psw_gtr046.pdf 

DeBano, L.F. 1987. Chaparral Soils, Pacific Southwest Forest and Range Experimental Station. 

DeBano, L.F., D.G. Neary, and P.F. Folliott. 1998. Fire’s Effects on Ecosystems. New York: John 
Wiley and Sons Inc.  

DeBano, L.F. 2000. The role of fire and soil heating on water repellency in wildland 
environments: a review, Journal of Hydrology, vol. 231-232, pp 195-206. 

Diller, L.V. and R.L. Wallace. 1996. Distribution and habitat of Rhyacotriton variegatus in 
managed, young growth forests in north coastal California. Journal of Herpetology 
30:184-191. 

DiTomaso, J.M. Yellow starthistle, 2005. eds. J.K. Clark and C.L. Duncan, in Assessing the 
Economic, Environmental and Societal Losses from Invasive Plants on Rangeland and 
Wildlands. Weed Science Society of America. Champaign, IL. 

DiTomaso, Joseph. “Yellow Star thistle Information,” Weed Science Program, University of 
California at Davis, http://wric.ucdavis.edu/yst/yst.html 

Dombeck, M.P., J.E. Williams and C.A. Wood. 2004. Wildfire policy and public lands: integrating 
scientific understanding with social concerns across landscapes. Conservation Biology 
18:883-889 

Elliot, W.J. 2001. Comparing RUSLE to WEPP Cropland and Rangeland Formats. Presented 
January 3-5, 2000, Honolulu, HI. In: Ascough II, J.C.; Flanagan, D.C., eds. Soil erosion for 
the 21st century: proceedings of the international symposium. St. Joseph, MI: ASAE. 
388-391. ASAE Pub. No. 701P0007. 

Elliot, W.J. 2002. Predicting sediment TMDLs for forest conditions with the WEPP model. Pp. 
554-559 In: Saleh, A., ed., Total Maximum Daily Load (TMDL) Environmental 
Regulations: Proceedings of the March 11-13 ASAE Conference, Fort Worth, TX. ASAE 
Publication Number 701P0102.  

Elliot, W.J. and I.S. Miller. 2002. Estimating Erosion Effects from Implementing the National Fire 
Plan. In: 2002 ASAE Annual International Meeting, July 28-July 31, 2002, Chicago, Illinois, 
American Society of Agricultural Engineers, Paper Number: 02-5011. 

Elliot, W.J., I.S. Miller, and L. Audin. Eds. 2010. Cumulative watershed effects of fuel 
management in the western United States. Gen. Tech. Rep. RMRS-GTR-231. Fort Collins, 
CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 
299 p. 

http://wric.ucdavis.edu/yst/yst.html
http://forest.moscowfsl.wsu.edu/cgi-bin/engr/library/searchpub.pl?pub=2001f
http://forest.moscowfsl.wsu.edu/cgi-bin/engr/library/searchpub.pl?pub=2002f


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-d 

 

Finney, M. A. 2001. Design of regular landscape fuel treatment patterns for modifying fire 
growth and behavior. Forest Science 47(2):219-228. 

Finney, M.A., C.W. McHugh, and I.C. Grenfell. 2005. Stand- and landscape level effects of 
prescribed burning on two Arizona wildfires. Canadian Journal of Forest Research 
35:1714-1722. 

Florsheim, J.L., E.A. Keller and D.W. Best. 1991. Fluvial sediment transport in response to 
moderate storm flows following chaparral wildfire, Southern California. Geologic Society 
of America Bulletin 103:504-511. 

Forest Ecosystem Management Assessment Team (FEMAT). 1993. Forest Ecosystem 
Management: An Ecological, Economic and Social Assessment. Report of the forest 
Ecosystem Management Assessment Team. U. S. Forest Service and USDI Bureau of 
Land Management. 1993-793-071. U.S. Government Printing Office. 

Forman, R., 1997. Land Mosaics: The Ecology of Landscapes and Regions. 

GAO (General Accounting Office). 2003. Wildland fire management additional actions required 
to better identify and prioritize lands needing fuels reduction. Washington, D.C. 

GAO (General Accounting Office). 1999. Western National Forests: A Cohesive Strategy is 
Needed to Address Catastrophic Wildland fire. Threats, April 1999, (GAO/RCED-99-65) 
(http://www.gao.gov). 

Graham, R.T., S. McCaffrey, and T.B. Jain (tech. eds.). 2004. Science Basis for Changing Forest 
Structure to Modify Wildfire Behavior and Severity. General Technical Report RMRSGTR-
120: SDA Forest Service, Rocky Mountain Research Station, Fort Collins, CO.  

Gregory, S.V., F.J. Swanson, W.A, McKee, and K.W. Cummins. 1991. An ecosystem perspective 
of riparian zones. Bioscience 41:540-551.  

Grette, G.B. 1985. The role of large organic debris in juvenile salmonid rearing habitat in small 
streams. Master’s Thesis, Seattle: University of Washington. 

Gundale, M.J., K.L. Metlen, C.E. Fiedler, and T.H. Deluca. 2006. Nitrogen spatial heterogeneity 
influences diversity following restoration in a ponderosa pine forest, Montana. 
Ecological Applications 16(2):479-489. 

Gucinski, H., M. Furniss, R. Ziemer, and M. Brookes. 2000. Forest Roads: A Synthesis of Scientific 
Information. USDA Forest Service, Pacific Northwest Research Station, Gen. Tech. Rep. 
PNW-GTR-509:117 pgs. 

Harmon, M.E., J.F. Franklin, F.J. Swanson, P. Sollins, S.V. Gregory, J.D. Lattin, N.H. Anderson, S.P. 
Cline, N.G. Aumen, J.R. Sedell, G.W. Lienkaemper, K. Cromack, Jr. and K.W. Cummins. 
1986. Ecology of coarse woody debris in temperate ecosystems. Advances in Ecological 
Research 15: 123-132. 

Haskins, D. M. 1987. A management model for evaluating cumulative watershed effects. In 
Proceedings of the California Watershed Management Conference, Wildland Resources 

http://www.gao.gov/


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-e 

 

Center, Report 11, edited by R. Z. Callaham and J. J. DeVries, 125-30. UC Berkeley, 
Wildland Resources Center. 

Hatchett, B., M. Hogan, and M. Grismer. 2006. Mechanical Mastication Thins Lake Tahoe Forest 
with Few Adverse Impacts, California Agriculture, 60(2): 77-82. 

Hatten, J., D. Zabowski, G. Scherer, and E. Dolan. 2005. A comparison of soil properties after 
contemporary wildfire and fire suppression. Forest Ecology and Management 220:227-
241.  

Hawkins, C.P., M.L. Murphy, N.H. Anderson, and M.A. Wilzbach. 1983. Density of fish and 
salamanders in relation to riparian canopy and physical habitat in streams of the 
northwestern United States. Canadian Journal of Fisheries and Aquatic Sciences 40-
1173-1185. 

Hobbs, R.J. 2000. Land-use changes and invasion. Pp 55-64 In: H.A. Mooney and R.J. Hobbs, 
editors. Invasive species in a changing world. Island Press, Washington DC 

Istanbulluoglu, E., D.G. Tarboton, R.T. Pack, and C.H. Luce. 2004. Modeling of the interactions 
between forest vegetation, disturbances, and sediment yields. J. Geophys. Res. 
109:F01009. 

Jakes, P. 2006a. Landscape Change and Aesthetics Fuels and Planning: Science and Integration, 
Social Issues Fact Sheet: 15. USDA, Forest Service. RMRS-RN-21-15-WWW. 

Jakes, P. 2006b. Prescribed Fire and Visual Quality Fuels and Planning: Science and Integration, 
Social Issues Fact Sheet: 16USDA, Forest ServiceRMRS-RN-21-16-WWW. 

Jakes, P. 2006c. Forestry cooperatives: what today`s resource professionals need to know. 
Proceedings of a satellite conference; 2003 November 18; St.Paul, MN. General 
Technical Report NC-266. St. Paul, MN: U.S. Department of agriculture, Forest Service, 
North Central Research Station.  

Kauffman, J.B. and R. E. Martin 1990. Sprouting shrub response to different seasons and fuel 
consumption levels of prescribed fire in Sierra Nevada mixed conifer ecosystems Forest 
Science 36(3):748-764.  

Keifer, M., J.W. van Wagtendonk, and M. Buhler. 2006. Long-term surface fuel accumulation in 
burned and unburned mixed-conifer forests of the Central and Southern Sierra Nevada, 
CA. Fire Ecology 2:53-72. 

Keifer, M., N. L. Stephenson, J. Manley. 2000. Prescribed fire as the minimum tool for 
wilderness forest and fire regime restoration: a case study from the Sierra Nevada, 
California In: Cole, D. N.; S.F. McCool, W.T. Borrie, J. O’Loughlin, comps. 2000. 
Wilderness science in a time of change conference—Volume 5: Wilderness ecosystems, 
threats, and management; 1999 May 23–27; Missoula, MT. Proceedings RMRS-P-15-
VOL-5. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station. 

http://www.srs.fs.usda.gov/pubs/15166
http://www.srs.fs.usda.gov/pubs/15166
http://www.treesearch.fs.fed.us/pubs/21872
http://www.treesearch.fs.fed.us/pubs/21872
http://www.treesearch.fs.fed.us/pubs/21872


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-f 

 

Keller, E. A. and F. J. Swanson. 1979. Effects of large organic material on channel form and 
fluvial processes. Earth Surface Processes 4:361-380.  

Kelsey, H.M. 1980. A sediment budget and an analysis of geomorphic process in the Van Duzen 
River basin, north coastal California, 1941-1975. Geological Society of America Bulletin 
91:119-126.  

Knapp, E. E., S. L. Stephens, J. D. McIver, J. J. Moghaddas, and J. E. Keeley. Fire and Fire 
Surrogate Study in the Sierra Nevada: Evaluating Restoration Treatments at Blodgett 
Forest and Sequoia National Park. Pacific Southwest Research Station, Gen Tech. rep. 
PSW-GTR-193-2.  

Larsen, I., MacDonald, L., Brown, E., Rough, D., Welsh, M., Pietraszek, J., Libohova, Z., 
Benavides-Solorio, J., and K. Schaffrath. 2009. Causes of Post-Fire Runoff and Erosion: 
Water Repellency, Cover, or Soil Sealing, Soil Science Society American Journal (SSSAJ), 
73(4): 1393- 1407. 

Lewis, J. 1998. Evaluating the impacts of logging activities on erosion and sediment transport in 
the Caspar Creek watersheds. In RR Ziemer, tech. coord., Proceedings of the conference 
on coastal watersheds: the Caspar Creek story, Ukiah, California, 6 May 1998. Gen. Tech. 
Rep. PSW GTR-168. Albany, CA: USDA Forest Service, Pacific Southwest Forest and 
Range Experiment Station: 55-69. 

Lewis, J. and R.M. Rice. 1991. Critical sites erosion study, volume II: Site conditions related to 
erosions on private timberlands in northern California. Sacramento, CA: California 
Department of Forestry and Fire Protection 

Loupe, T.M.; Miller, W.W.; Johnson, D.W.; Carroll, E.M.; Hanseder, D.; Glass, D.; Walker, R.F. 
2007. Inorganic N and P in Sierran forest O horizon leachate. Journal of Environmental 
Quality. 36(4): 1105–1111. 

Luce C.H., D.G. Tarboton, E. Istanbulluoglu, and R. T. Pack. 2005. Reply to Comment on 
Modeling of the interactions between forest vegetation, disturbances, and sediment 
yields, Journal of Geophysical Research-Earth Surface 110:F01013, doi:10.1029/ 
2004JF000279.  

MacDonald, L.H. and D. Coe. 2001. Sediment production and delivery from forest roads in the 
central Sierra Nevada, California. Vallejo, CA: U.S. Forest Service. 

MacDonald, L.H., and J.D. Stednick. 2003. Forests and water: a state-of-the-art review for 
Colorado. Colorado Water Resources Research Institute, Colorado State University, Fort 
Collins, CO. 

MacDonald, L. H., D.B. Coe, and S.E. Litschert. 2004. Assessing cumulative watershed effects in 
the Central Sierra Nevada: hillslope measurements and catchment-scale modeling. In 
Murphy, D. D. and P. A. Stine (eds.), Proceedings of the Sierra Nevada Science 
Symposium; USDA Forest Service Gen. Tech. Rep. PSW-GTR-193. Albany, CA. 287 p. 

http://www.warnercnr.colostate.edu/frws/people/faculty/macdonald/publications/ForestandWater.pdf
http://www.warnercnr.colostate.edu/frws/people/faculty/macdonald/publications/ForestandWater.pdf


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-g 

 

Maddox, D.M., D.B. Joley, D.M. Supkoff, and A. Mayfield. 1996. Pollination biology of yellow 
starthistle (Centaurea solstitialis) in California. Canadian Journal of Botany 74:262-267.  

Martin, D.A and J. Moody. 2001. Comparison of soil infiltration rates in burned and unburned 
mountainous watersheds. Hydrological Processes 15: 2893-2903. 

Martin, D.J. 2001. The influence of geomorphic factors and geographic region on large woody 
debris loading and fish habitat in Alaska coastal streams. North American Journal of 
Fishery Management 21:429–440. 

May, C.L. and R.E. Gresswell. 2003a. Processes and rates of sediment and wood accumulation in 
headwater streams of the central Oregon Coast Range. Earth Surface Processes and 
Landforms 28: 409-424. 

May, C.L. and R.E. Gresswell. 2003b. Large wood recruitment and redistribution in headwater 
streams in the southern Oregon Coast Range, U.S.A. Canadian Journal of Forest 
Research 33(8): 1352. 

Mayer, K. E. and W. F. Laudenslayer, Jr. 1988. A Guide to the Wildlife Habitats of California. 
California Department of Fish and Game, Sacramento.  

McGurk, B.J. and D.R. Fong. 1995. Equivalent Roaded Area as a measure of cumulative effect of 
logging. Environmental Management, 19(4), 609-621 

McKelvey, K.S., C.N. Skinner, C. Chang, D.C. Erman, S.J. Husari, D.J. Parsons, J.W. 
Vanwagtendonk, and C.P. Weatherspoon. 1996. An overview of fire in the Sierra 
Nevada. Vol. 2, Ch. 37 in Sierra Nevada Ecosystem Project final report to Congress: 
Status of the Sierra Nevada, Sierra Nevada Ecosystem Project Science Team. Centers for 
Water and Wildland Resources, Univ. of California, Davis, CA. 

Meixner, T. and P. Wohlgemuth. 2004. Wildfire Impacts on Water Quality. Southwest 
Hydrology: Volume 3, Number 5. September/October 2004, pp24-25. 

Menning, K., D. C. Erman, K. N. Johnson, and J. Sessions. 1996. Modeling aquatic and riparian 
systems, assessing cumulative watershed effects, and limiting watershed disturbance. In 
Sierra Nevada Ecosystem Project: Final report to Congress. Davis: University of 
California, Centers for Water and Wildland Resources. 

Mitchell, J.E. 2000. rangeland resource trends in the United States: a technical document 
supporting the 2000 USDA Forest Service RPA assessment. General Technical Report 
RMRS-GTR-68. Fort Collins, CO: U.S. Forest Service Rocky Mountain Research Station. 
www.fs.fed.us/rm/pubs/rmrs_gtr68.html 

Moody, J.A., and D.A. Martin, 2001. Initial hydrologic and geomorphic a wildfire in the Colorado 
Front Range. Earth Surface Processes and Landforms 26: 1049-1071. 

Murphy, M.L. 1995. Forestry impacts on freshwater habitat of anadromous salmonids in the 
Pacific Northwest and Alaska-requirements of protection and restoration. NOAA Coastal 
Ocean Program Decision Analysis Series No. 7. NOAA Coastal Ocean Office, Silver Spring, 
MD. 

http://www.fs.fed.us/rm/pubs/rmrs_gtr68.html


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-h 

 

Murphy, K., Rich, T., Sexton, T., 2007. An assessment of fuel treatment effects on fire behavior, 
suppression effectiveness, and structure ignition on the Angora Fire. USDA Forest 
Service, Pacific Southwest Region, R5-TP-025, Vallejo, CA. 

Naiman, R., Balian, E., Bartz, K., Bilby, R., and J. Latterell, 2002. Dead Wood Dynamics in Stream 
Ecosystems, USDA Forest Service Gen. Tech. Rep. PSW-GTR-181. www.fs.fed.us/psw/ 
publications/ documents/gtr-181/005_Naiman.pdf  

National Agricultural Statistics Service. 2001. Agricultural census special tabulations for 
California. http://www.agcensus.usda.gov/ 

National Council for Air and Stream Improvement. 1999. Scale considerations and the 
detectability of sedimentary cumulative watershed effects. Technical Bulletin Number 
776. Research Triangle Park, NC. 

Neary, D. G., K. C. Ryan, and L. F. DeBano (editors). 2005. Wildland fire in ecosystems: effects of 
fire on soils and water. Gen. Tech. Rep. RMRS-GTR-42-vol. 4. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 

Page-Dumroese, S., Jurgensen, M., Curran, M., and S. DeHart, 2010. Cumulative Effects of Fuel 
Treatments on Soil Productivity, in Cumulative Watershed Effects of Fuel Management 
in the Western United States, eds. Elliot, William, Miller, Ina Sue, Audin, Lisa. USDA FS, 
RMRS-GTR-231. www.fs.fed.us/rmrs/gtr 

Penrod, K., C. Cabañero, C. Luke, P. Beier, W. Spencer, and E. Rubin. 2003. South Coast missing 
linkages: A linkage design for the Tehachapi Connection. Unpublished report. South 
Coast Wildlands Project, Monrovia, CA. www.scwildlands.org. 

Pfankuch, D. J. 1975. Stream reach inventory and channel stability evaluation. USDA Forest 
Service, R1-75-002, U.S. Government Printing Office #696-260-200, Washington, D.C. 

Pitcairn, M.J., R.A. O'Connell, and J.M. Gendron. 1998. Yellow starthistle: survey of statewide 
distribution. Pages 64-66. D.M. Woods, ed. In, Biological Control Program Annual 
Summary, 1997. California Department of Food and Agriculture, Plant Health and Pest 
Prevention Services, Sacramento, CA. 

Pollet, J. and P.N. Omi. 2002. Effect of thinning and prescribed burning on crown fire severity in 
ponderosa pine forests. International Journal of Wildland Fire 11:1-10. 

Ralph, C.J., S.K. Nelson, M.M. Shaughnessy, S.L. Miller, and T.E. Hamer (compilers). 1994. 
Methods for surveying for marbled murrelets in forests: a protocol for land 
management and research. Marbled Murrelet Technical Committee, Pacific Seabird 
Group. 

Reid, L.M. 1993. Research and cumulative watershed effects. Gen. Tech. Rep. PSW-GTR-141. 
Berkeley, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Research 
Station.  

Reid, L.M. and S. Hilton. 1998. Buffering the Buffer. Pp.71-80 In: Ziemer, R.R., (Technical 
Coordinator) Proceedings from the Conference on Coastal Watersheds: The Caspar 

http://www.fs.fed.us/psw/
http://www.agcensus.usda.gov/
http://www.fs.fed.us/rmrs/gtr
http://www.scwildlands.org/


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-i 

 

Creek Story, May 6, 1998, Ukiah, CA. General Tech. Rep. PSW GTR–168. Albany, CA: 
Pacific Southwest Research Station, Forest Service, U.S. Department of Agriculture. 
http://www.fs.fed.us/psw/publications/documents/gtr-168/publisher.html 

Reid, L. 2010. Understanding and Evaluating Cumulative Watershed Impacts, in Cumulative 
Watershed Effects of Fuel Management in the Western United States, eds. Elliot, 
William, Miller, Ina Sue, Audin, Lisa. USDA FS, RMRS-GTR-231. www.fs.fed.us/rmrs/gtr 

Rice, R.M. and J. Lewis. 1991. Estimating erosion risks associated with logging and forest roads 
in northwestern California. Water Resources Bulletin 27(5):809-818.  

Richards, K. 1982. Rivers, Form and Process in Alluvial Channels. New York: Methuen.  

Richardson, J.S. 1992. Coarse particulate detritus dynamics in small, montane streams of 
southwestern British Columbia. Canadian Journal of Fisheries and Aquatic Sciences 
49:337-346 

Robichaud, P. R. 1996. Spatially-varied erosion potential from harvested hillslopes after 
prescribed fire in the Interior Northwest. Ph.D. dissertation Moscow, ID: University of 
Idaho. 

Robichaud, P. R. 2000. Fire effects on infiltration rates after prescribed fire in Northern Rocky 
Mountain forest, USA. Journal of Hydrology 231-232: 220-229.  

Robichaud, P. R. 2005. Measurement of post-fire hillslope erosion to evaluate and model 
rehabilitation treatment effectiveness and recovery. International Journal of Wildland 
Fire 14: 475-48 

Robichaud, P. R., L. MacDonald, and R. Foltz. 2010. Fuel Management and Erosion, in Elliot, 
W.J., I.S. Miller, and L. Audin. Eds., Cumulative watershed effects of fuel management in 
the western United States. Gen. Tech. Rep. RMRS-GTR-231. Fort Collins, CO: U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 299 p. 
web site: http://www.treesearch.fs.fed.us/pubs/34301  

Robison, E.G. and R.L. Beschta. 1990. Identifying trees in riparian areas that can provide coarse 
woody debris to streams. Forest Science 36: 790- 801. 

Ryan, D. F. 2006. Chapter 1: Introduction to Synthesis of Current Science. In: Cumulative 
Watershed Effects of Fuels Management: A Western Synthesis.  

Safford H., D. Schmidt, and C. Carlson. 2009. Effects of fuel treatments on fire severity in an 
area of wildland–urban interface, Angora Fire, Lake Tahoe Basin, California, Forest 
Ecology and Management 258(5):773-787. 

Schwartz, M. W., D. J. Porter, J. M. Randall, and K. E. Lyons. 1996. Impact of nonindigenous 
plants. In Sierra Nevada Ecosystem Project: Final Report to Congress, vol. II, chap. 47, 
Davis: University of California, Centers for Water and Wildland Resources. 

Sedell, J.R., P.A. Bison, F.J. Swanson and S.V. Gregory. 1988. What we know about large trees 
that fall into streams and rivers. Pp. 47-81 In: C. Maser (editor), From the Forest to the 
Sea: A Story of Fallen Trees. General Technical Report PNW-GTR-229. U.S. Forest Service 

http://www.fs.fed.us/psw/publications/documents/gtr-168/publisher.html
http://www.fs.fed.us/rmrs/gtr
http://www.treesearch.fs.fed.us/pubs/34301


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-j 

 

Sheridan, C.D. and D.H. Olson. 2003. Amphibian assemblages in zero-order basins in the Oregon 
Coast Range. Canadian Journal of Forest Research. 33(8):1452-1477. 

SNEP (Sierra Nevada Ecosystem Project). 1996. Final Report to Congress, Vol. I, Assessment 
Summaries and Management Strategies, Centers for water and Wildland Resources, 
Report No. 36, University of California, Davis, California. 

Spence, B.C., G.A. Lomnicky, R.M. Hughes and R. P. Novitzki. 1996. An ecosystem approach to 
salmonid conservation. Funded jointly by the U.S. EPA, U.S. Fish and Wildlife Service and 
National Marine Fisheries Service. TR-4501-96-6057. Man Tech Environmental Research 
Services Corp., Corvallis, OR. http://www.nwr.noaa.gov/1habcon/habweb/ManTech/ 
front.htm#TOC 

Spies, T.A.; S.P. Cline. 1988. Coarse woody debris in forests and plantations of coastal Oregon. 
Pp. 5-24 In: Maser, C.; Tarrant, R.F.; Trappe, J.M. [and others], tech. eds. From the forest 
to the sea: a story of fallen trees. Gen. Tech. Rep. PNW-220. Portland, OR: U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Research Station.  

St. John, T. V. and P. W. Rundel. 1976. The role of fire as a mineralizing agent in a Sierran 
coniferous forest. Oecologia 25(1):35-45. 

Stednick, J.D. 2006. Effects of Fuel Management Practices on Water Quality. In: Elliot, W. Jand 
Audin, L.J., (Eds.). DRAFT. Cumulative Watershed Effects of Fuels Management in the 
Western United States. Available: http://forest.moscowfsl.wsu.edu/engr/cwe/  

Stendick, J.D. 2010. Effects of Fuel Management Practices on Water Quality, in Cumulative 
Watershed Effects of Fuel Management in the Western United States, eds. Elliot, 
William, Miller, Ina Sue, Audin, Lisa. USDA FS, RMRS-GTR-231. www.fs.fed.us/rmrs/gtr 

Stephens, S.L. 2001. Fire history of adjacent Jeffrey pine and upper montane forests in the 
eastern Sierra Nevada. International Journal of Wildland Fire 10 (2): 161-167. 

Stephens, S. L. and L. W. Ruth. 2005. Federal forest-fire policy in the United States. Ecological 
Applications 152: 532-542. 

Stohlgren, T.J. 1988. Litter dynamics in two Sierran mixed conifer forests. Nutrient release in 
decomposing leaf litter. Canadian Journal of Forestry Research 18:1136–1144. 

Sugihara N. G., J. W. Van Wagtendonk, J. Fites-Kaufman, K. E. Shaffer and A. E. Thode (Editors). 
2006. Fire in California’s ecosystem. University of California Press: Berkeley, CA.  

Swanson, F.J., G.W. Lienkaemper and J. R. Sedell. 1976. History, physical effects, and 
management implications of large organic debris in western Oregon streams. USDA 
Forest Service. Pacific Northwest Forest and Range Experiment Station. Gen. Tech. Rep. 
PNW-56. Portland, Oregon. 

Thomas, J.W., E.D. Forsman, J.B. Lint, E.C. Meslow, B.R. Noon, and J. Verner. 1990. Conservation 
strategy for the Northern Spotted Owl: A report to the Interagency Scientific Committee 
to address the conservation of the Northern Spotted Owl. U.S. Forest Service, U.S. Fish 
and Wildlife Service, and National Park Service, Washington, D.C427 pp. 

http://www.nwr.noaa.gov/1habcon/habweb/ManTech/front.htm#TOC
http://www.nwr.noaa.gov/1habcon/habweb/ManTech/front.htm#TOC
http://www.fs.fed.us/rmrs/gtr


Cumulative Effects Analysis 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program 
Draft Environmental Impact Report 

             6-k 

 

Troendle, C.A., L.H. MacDonald and C.H. Luce. 2006. Fuels management and water yield. In: 
Elliot, W.J. and L.J Audin (Eds.), DRAFT Cumulative Watershed Effects of Fuels 
Management in the Western United States. Available: http://www.treesearch. 
fs.fed.us/pubs/34301 

Urban, D.L.; R.V. O’Neill, & H.H. Shugart, Jr. 1987. Landscape ecology. A hierarchical perspective 
can help scientists understand spatial patterns. BioScience 37(2): 119-127. 

USDA and USDI. 2003. Fact Sheet: Healthy Forests Initiative, release no. FS-0177.03. 
www.forestsandrangelands.gov  

USDA and USDI. 2012. National Cohesive Wildland Fire Management Strategy Phase II National 
Report. www.forestsandrangelands.gov  

U.S. Forest Service. 1999. Roads analysis: Informing decisions about managing the national 
forest transportation system. Miscellaneous Report FS-643. Washington, DC. Web site 
accessed March 21, 2003. http://www.fs.fed.us/eng/road_mgt/documents.shtml. 

Van Sickle, J. and S.V. Gregory. 1990. Modeling inputs of large woody debris from falling trees. 
Canadian Journal Forest Research 20: 1593-1601.  

Vannote, R.L., G.W. Minshall, K.W. Cummins, J.R. Sedell, and C.E. Cushing. 1980. The river 
continuum concept. Canadian Journal of Fisheries and Aquatic Sciences 37:130-137.  

Wade, D., and J.D. Lunsford. 1988. A Guide for Prescribed Fire in Southern Forests. Tech Pub. 
R8-TP-11, USDA Forest Service. Web site: http://www.pfmt.org/standman/prescrib.htm 

Weaver, W.E., and D.K. Hagans. 1994. Handbook for Forest and Ranch Roads - A Guide for 
Planning, Designing, Constructing, Reconstructing, Maintaining and Closing Wildland 
Roads. Prepared for the Mendocino County Resource Conservation District, Ukiah, 
California.  

Welsh, H.H. and L.M. Ollivier. 1998. Stream amphibians as indicators of ecosystem stress: a case 
study from California's redwoods. Ecological Applications 8(4):1118-1132 

Welsh, H. H., Jr., A. J. Lind, L. M. Ollivier, G. R. Hodgson and N. E. Karraker. 1998. Comments on 
the Palco HCP/SYP and EIS/EIR with regard to the maintenance of riparian, aquatic, and 
late seral ecosystems and their associated amphibian and reptile species. Unpublished 
Report. 

Wilkins, R.N., and N.P. Peterson. 2000. Factors related to amphibian occurrence and abundance 
in headwater streams draining second-growth Douglas-fir forests in southwestern 
Washington. Forest Ecology and Management 139:79-91. 

Wohlgemuth, P., K. Hubbert, and M. Arbaugh. 2006. Fire and Physical Environment 
Interactions: Soil, Water, and Air. Pp. 75-98 In Sugihara et al., (eds). Fire in California’s 
Ecosystems. University of California Press. 

Ziemer, R. R., J. Lewis, R.M. Rice, and T.E. Lisle. 1991. Modeling the cumulative watershed 
effects of forest management strategies. Journal of Environmental Quality 20(1):36-42. 

http://www.forestsandrangelands.gov/
http://www.fs.fed.us/eng/road_mgt/documents.shtml
http://www.pfmt.org/standman/prescrib.htm


 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  7- 1 

 

Chapter 7  Monitoring 

7.0  Introduction and Description of Proposed Program Monitoring 
The purpose of Chapter 7 is to summarize the various monitoring initiatives that will be put into 

place if the Proposed Program is implemented. Monitoring of mitigation measures is required under 
CEQA in order to document that the mitigation measures are in fact reducing potentially significant 
effects to less than significant. California law and regulation specifically require monitoring of 
mitigation measures. In addition to mitigation measures, the implementation of landscape 
constraints (LC), minimum management requirements (MMRs) and “checked” checklist items are 
monitored as to their implementation, as described below. Four “generic” types of monitoring exist, 
1) Baseline, 2) Implementation, 3) Effectiveness and 4) Validation (Stolnack et al., 2005).  

1) Baseline monitoring is analogous to an inventory. This type of “monitoring” is used to 
establish existing conditions within a geographic area, and is generally used for future 
planning. It is often used to help define the natural range of variability in the ecosystem 
being sampled. 

2) Implementation monitoring is designed to determine if the prescribed standards and 
guidelines are being carried out. 

3) Effectiveness monitoring is applied to determine the effect of a management 
prescription. Effectiveness monitoring often involves research. A typical effectiveness 
monitoring question is whether stream buffers (correctly implemented) are maintaining 
stream temperature at acceptable levels. 

4) Validation monitoring is designed to determine if the underlying assumptions about 
management and effects are sound. The role of validation monitoring is to determine the 
accuracy of an assumed cause and effect relationship between management activities 
and the resource being managed. A typical validation-monitoring question would be: do 
vegetation treatments reduce fire intensity and extent? 

CAL FIRE collects a variety of information on an annual or periodic basis. According to FRAP 
(CAL FIRE, 2003) CAL FIRE collects the following forest and rangeland information: 
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Table 7.1 
CAL FIRE Monitoring Program 

Element Monitored Frequency of Monitoring Accuracy of Information 

Conifer forest condition (with other agencies) 10 years High 
Specialized conifer forest stand characteristics 5 years High 
Specialized hardwood forest stand characteristics Varied Varied 
Range inventories – general 5-10 years High 
Specialized rangeland characteristics 5 years High 
Wildfire history and behavior Annual High 
Communities and assets at risk Periodic High 
Impact of fire protection forces on losses Annual High 
Pest locations and conditions Annual Varied 
Extent and condition of urban forests Periodic High 
Specific timber harvest plan monitoring Periodic Varied 
BOF/CAL FIRE Long Term Monitoring Program Annual and Periodic High 

CAL FIRE is required to monitor timber harvest plans (THPs) as required by both the Z’Berg-
Nejedly Forest Practices Act as well as the Forest Practice rules. Monitoring of THP’s would 
normally be considered as implementation monitoring, as CAL FIRE forest practice inspectors 
visit on-going THP’s, as well as review completion reports, stocking reports and erosion control 
maintenance. 

The BOF/CAL FIRE Long Term Monitoring Program has four main components (CAL FIRE, 
2006): 1) the modified completion report (an extension of the normal timber harvest 
inspections and completion reports that CAL FIRE is required to complete on THPs), 2) the 
Hillslope Monitoring Program, 3) the Cooperative Instream Monitoring Projects, and 4) the 
Interagency Mitigation Monitoring Program (IIMP) which will build on the hillslope program and 
modified completion reports programs. The IIMP is designed to provide information regarding 
forestry-related practices at high-risk sites for which specific practices have been designed to 
protect water quality. 

Typically monitoring includes evaluation of the progress in meeting the goals and 
objectives of a program. The goals of the VTP were previously enumerated in Chapter 1 and are 
paraphrased here as: 

1) Maintain and enhance forest and range land resources  
2) Modify wildland fire behavior to help reduce catastrophic losses to life and property 
3) Reduce the severity and associated suppression costs of wildland fires  
4) Reduce the risk of large, high intensity fires by restoring a natural range of fire-adapted 

plant communities through periodic low intensity vegetative treatments 
5) Maintain or improve long-term air quality through vegetative treatments 
6) Reduce the detrimental environmental effects of wildland fire on watersheds 
7) Reduce noxious weeds and invasive plants and improve browse and forage for wildlife 

and domestic stock 
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The Proposed Program will be periodically and annually monitored through completion of 
implementation and mitigation monitoring. Implementation monitoring will include an annual 
assessment of the progress at meeting the goals of the VTP  

7.1 Implementation Monitoring 
The purpose of implementation monitoring is to determine whether a project is being 

conducted according to the requirements of the EIR; in this case the implementation 
monitoring will need to assess: 

1. Were all of the landscape constraints adhered to? 
2. Were all of the minimum management requirements adhered to? 
3. Were all of the environmental checklist items adhered to? 

All applications for VTP funding will include the following information: 

1. Date of Application 
2. Projected Date of Treatment 
3. Location of project in Lat/Long values 
4. Total acres of project 
5. Location of project by CalWatershed 2.2 HUC number 
6. Location of project by CAL FIRE Ranger Unit, County, and Bioregion 
7. Number of acres to be treated by treatment type 
8. Acres treated by VTP goal 
9. Mitigation measures to be implemented 
10. Copy of environmental checklist 
11. Copy of application 

Information about each VTP project will be maintained in a GIS compatible format.  

A “paper review” sample of all submitted applications will be conducted annually to 
determine whether the Proposed Program is being implemented according to the landscape 
constraints, minimum management requirements, environmental checklist items and 
mitigation measures. The results of the paper review of VTP implementation will be reported to 
the BOF annually. 

A subset of office-reviewed applications will be conducted in the field to verify that 
projects are being implemented according to both the Proposed Program requirements and the 
requirements in the application. Projects reviewed could include both those planned but not 
yet implemented and those that have been implemented. The results of field reviews of VTP 
implementation will be reported to the BOF annually.  

Each year the GIS coverage of projects completed will be “intersected” with the FRAP 
wildfire perimeters GIS coverage (http://frap.cdf.ca.gov/projects/fire_data/fire_perimeters/) 
and a sample of burned projects will be field reviewed to assess the results of treatments and 
wildfire effects. These results will be reported to the BOF annually. 

http://frap.cdf.ca.gov/projects/fire_data/fire_perimeters/
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In addition, the implementation-monitoring program will also assess yearly progress in 
meeting the goals and objectives of the Proposed Program. These results will be reported to 
the BOF annually. 

A project completion report will be filed for each completed VTP project. Project 
completion reports will be filed annually during the duration of any required mitigation along 
with the mitigation monitoring results. 

7.2 Mitigation Monitoring 
PRC § 21081.6 requires the lead agency to adopt a mitigation monitoring and reporting 

plan when making findings pursuant to PRC § 21081. There are two general approaches to 
mitigation monitoring, 1) evaluate the aggregate effect of the entire set of mitigation measures 
on achieving the goals and objectives of the Proposed Program and 2) evaluate the effect of 
individual mitigation measures (Reeves et. al., 2004). In this case, monitoring of individual 
mitigation measures at the project level will be required. As noted above, any time a mitigation 
measure is invoked, it will require CAL FIRE at the project level to annually monitor mitigation 
measure effectiveness throughout the duration of the mitigation measure and report such 
findings to VTP Sacramento. The results of the mitigation monitoring will be reported annually 
to the BOF. Mitigation monitoring elements are shown below: 
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Table 7.2 
Mitigation Monitoring Responsibility and Reporting Requirements 

Mitigation Measure/Checklist Item Timing Scope 

Imple- 
menta-

tion 
Respon- 
sibility 

Moni- 
toring 

Respon
-sibility 

Criteria 

Mitigation Measure 5.5.2-1. Overstory canopy cover shall 
not be reduced within occupied northern spotted owl territories within 
the project area. 

Planning, 
Implemen-

tation 

Occupied NSO 
territories and 

vicinity 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Maintain canopy 
cover in and 
adjacent to 

occupied territory. 

 
Mitigation Measure 5.5.2-3. In areas where vegetation that 

provides critical habitat for special status taxa (such as valley 
elderberry in longhorn beetle habitat) occur, only hand (manual) 
treatments shall be used. Crewmembers shall be trained to recognize 
and avoid vegetation of particular concern where it occurs. Treatments 
shall focus on invasive plants that may inhibit establishment and 
growth of such species where it has been deemed appropriate by a 
biologist, botanist or agency personnel. 

Planning, 
Implemen-

tation 
Special status 

taxa 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Maintain or 
enhance 

elderberry 
populations. 

 
Train crew to 

recognize, avoid. 
 

Treat invasive 
plants. 

 
Mitigation Measure 5.5.2-4. Mechanical treatments shall 

not be used where special status burrowing species (for example, San 
Joaquin kit fox), or those for which burrows are a critical habitat 
element, are known or likely to occur unless extensive burrow surveys 
are carried out in the treatment area immediately prior to treatment 
and no-treatment buffers are established around any burrows that are 
found.. 

Planning, 
Implemen-

tation 

special status 
burrowing 

species 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Preferentially 
avoid mechanical 
treatments. If not 
possible, conduct 
burrow surveys & 

establish no-
treatment buffers. 

 
Mitigation Measure 5.5.2-5. In areas where special status 

terrestrial amphibians such as salamanders are known or likely to 
occur, prescribed fire shall be monitored closely post project to 
determine if burned cover objects should be replaced. New unburned 
cover objects shall be introduced at a one-to-one rate (or higher) to 
replace unsuitable burned cover objects and to enhance habitat 
quality for salamanders. 

Planning, 
Post-

treatment 

Special status 
terrestrial 

amphibians 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Monitor extent of 
cover objects post-

project. Replace 
cover objects 

where deficient. 
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Mitigation Measure 5.5.2-7. Mechanical and prescribed fire 
treatments shall not be used in riparian zones bordering aquatic sites 
known or suspected to be in use by special status amphibians (for 
example, California red-legged frog).. 

Planning, 
Implemen- 

tation 

Burn 
prescription, 
Treatment 
area layout 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Avoid fire and 
mechanical 

treatments in 
riparian zones 
bordering red-

legged frog 
habitat. 

Mitigation Measure 5.5.2-8. Where burrow-dwelling special-
status taxa are found to be present, mechanical treatments and heavy 
livestock (e.g., cattle) shall not be used. 

Planning, 
Implemen-

tation 
Locations of 
special taxa 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Avoidance of 
mechanical and 
large livestock. 

Mitigation Measure 5.5.2-10. Treatments shall be conducted 
at the seasonally appropriate time to minimize impacts to special-
status taxa. 

Planning, 
Implemen-

tation Project 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Timing of 
treatment 

Mitigation Measure 5.5.2-11. Treatments shall not remove 
essential habitat elements of special status taxa know or likely to occur 
in the area (for example, buckwheat in Smith’s blue habitat). 

Planning, 
Implemen-

tation 

essential 
habitat 

elements 
where special 

status taxa 
likely to occur 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG Location of habitat 

Mitigation Measure 5.5.2-12. Where appropriate, as 
determined by a biologist or agency personnel, treatments occurring in 
areas where invasive species are a detriment to special status taxa, 
removal of invasives and retention of native species will be 
emphasized (for example, treatments in black legless lizard habitat). 

Planning, 
Implemen-

tation 

invasive 
treatments 
near special 
status taxa 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG Location of habitat 

Mitigation Measure 5.5.3-1. For fire-adapted special status 
plants, the timing or intensity of prescribed burns shall be adjusted 
and incorporated into Burn Plan prescriptions to simulate the natural 
fire regime. The project will be burned in a pattern to create and 
maintain a mosaic of old and young growth chaparral with diverse 
habitat structures.  

Planning, 
Implemen-

tation, 
Post-

project 
Burning 

prescription 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Identify special 
status species, 
Simulate native 

fire regime, 
Implementation 

monitoring 
Mitigation Measure 5.5.3-2. Prescribed fire ignition and 

timing techniques that result in “cool prescribed burns” shall be used 
for sagebrush, low sage, bitterbrush, pinyon-juniper, and juniper 
vegetation types with well-established associations of cheatgrass, 
medusa-head or other invasives in order to prevent type conversions 
to cheatgrass or medusa-head. These techniques shall be incorporated 

Planning, 
Implemen-

tation, 
Post-

project 
Burning 

prescription CDF CDF 

Identify veg types 
& invasives. 

Implement cool 
burn. 

Monitor for 
invasives post 



Monitoring 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

  7- 7 

 

into Burn Plan prescriptions. project. 

Mitigation Measure 5.5.3-3. Mechanical treatment shall be 
avoided to the greatest extent possible in special status plant 
communities with a state rank of 3.2 or lower. If mechanical treatment 
cannot be avoided, impacts will be mitigated on an acre-for-acre basis 
by enhancing or restoring the same community type elsewhere in the 
region.  

Planning, 
Implemen-

tation 

Special status 
plant 

communities 
ranked 3.2> 

CDF/ 
DFG 

CDF/ 
DFG 

Avoid mechanical 
if possible, 

mitigate where not 
possible. 
Monitor 

enhanced/ 
restored 

community for 
effectiveness 

Mitigation Measure 5.5.3-4. A 50’ equipment exclusion zone 
shall be established around vernal pools. DFG shall be notified of the 
existence of vernal pool habitat in the project area to alert them to the 
potential for special status plants.  

Planning, 
Implemen-

tation 
50’ buffer 

vernal pools 
CDF/ 
DFG 

CDF/ 
DFG 

Alert DFG to vernal 
pools, identify 
special status 

plants 

Mitigation Measure 5.5.3-5. DFG or a qualified biologist shall 
be consulted during project development when treatments are 
proposed in maritime chaparral habitat.  Planning 

DFG 
Consultation CDF CDF 

Maritime 
Chaparral habitat 

Mitigation Measure 5.5.3-6. For oak woodland types known 
to have insufficient natural regeneration rates (blue oak, valley oak 
and coastal live oak as of 2007) prescriptions for VTP treatments shall 
require that no more than 25% of oak regeneration on site prior to 
treatment be top killed during treatment. Mitigation measure 
effectiveness shall be verified with pre and post-treatment 
seedling/sapling surveys conducted by CalFire. 

Planning, 
Implemen- 

tation. 
 

Pre- 
and Post- 

Treatment 
Monitorin

g 

Burn 
prescriptions 

 
Seedling and 

sapling surveys CAL FIRE 
CAL 
FIRE 

No more than 10% 
top kill on existing 
oak regeneration. 
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Mitigation Measure 5.5.3-7. Treated stands of blue oak, 
valley oak and coastal live oak in the Sacramento and San Joaquin 
bioregions where VTP treatments result in more than 10% mortality to 
oak regeneration shall be designated as “retarded regeneration.”  No 
more than 2% of the treated blue oak, valley oak and coastal live oak 
stands in the Sacramento and San Joaquin bioregions shall be allowed 
to be in a “retarded regeneration” condition at any one time. 
“Retarded regeneration” stands shall not be re-treated with prescribed 
fire, mechanical or grazing treatments until 80% of the regeneration 
onsite is large enough to withstand treatment, usually 20+ years.  

 
CAL FIRE shall track the locations of “retarded regeneration” 

stands and compare them to the total acres of the relevant oak 
woodland type to determine whether more than 2% of all blue oak, 
valley oak and coastal live oak stands are in a retarded regeneration 
condition. Follow-up survey every 5-10 years shall be conducted by 
CAL FIRE to determine when stands have reached the goal of 
“treatment resistance” and can be subtracted from the maximum of 
2% of stands in the “retarded regeneration” status. CAL FIRE shall 
check the status of proposed projects against the 2% threshold to 
determine if the project can be funded. 

Post-
project 

Survey 
regeneration 

post-
treatment CAL FIRE 

CAL 
FIRE 

Classify treated 
stands as to 

regeneration. 
 

Modify future 
prescriptions or 
avoid treatment 
until adequately 

regenerated. 

Mitigation Measure 5.5.3-8. Current Best Management 
Practices (BMPs) shall be followed to prevent spread of sudden oak 
death on personnel or equipment. A list of current BMPs may be found 
at SuddenOakDeath.org or by linking directly to the following website: 
http://nature.berkeley.edu/comtf/pdf/forestry4-08.pdf 

Planning, 
Implemen- 

tation. 

SOD 
occurrence or 

potential 
occurrence 

areas CAL FIRE 
CAL 
FIRE 

Utilize web site to 
identify current 
BMPs, apply to 
project where 

applicable. 

Mitigation Measure 5.5.3-9. For treatments in or near a 
sudden oak death-infested area the recommendations of the CAL FIRE 
state pathologist and/or the most recent recommendations of the 
California Oak Mortality Task Force shall be followed. 

Planning, 
Implemen- 

tation 

SOD 
occurrence or 

potential 
occurrence 

areas CAL FIRE 
CAL 
FIRE 

Follow 
recommendation 
of pathologist or 

task force. 

5.5.3-1  Checklist Question:  Have wet areas within the 
project area been surveyed for and protected including bogs, fens, 
springs and vernal pools? 

Planning, 
Layout Wet Areas CAL FIRE 

CAL 
FIRE 

Protect by 
avoidance. 

http://nature.berkeley.edu/comtf/pdf/forestry4-08.pdf
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5.5.3-2  Checklist Question: Has the project area been 
surveyed for any serpentine inclusions? These need to be mapped for 
the possibility of special status plant occurrences. 

Planning, 
Layout 

Serpentine 
inclusions CAL FIRE 

CAL 
FIRE 

Map, survey for 
special status 

species if 
serpentine 

included, protect if 
found. 

Mitigation Measure 5.5.4-1. Equipment shall be thoroughly 
cleaned offsite before beginning ground-disturbing activities when 
such equipment has previously worked within the last year in an area 
with invasive species. Equipment shall be thoroughly cleaned onsite 
before leaving the project area when the project area is infested with 
invasive species. . 

Initiation 
of project, 
introduc- 

tion of 
new equip. 

on site. 

When equip. 
was last used 

in infested 
areas. 

Equip- 
ment 
Oper- 
ator, 

Super- 
visor 

CAL 
FIRE 

Need high pressure 
water or 

compressed air on 
project site. 

Mitigation Measure 5.5.4-2. When mechanical clearing is 
used in tree-dominated habitats subject to invasive species, the 
project proponent shall maintain a minimum of 60% tree canopy 
closure, or 100% of existing canopy if it is less than 60%, to minimize 
the amount of suitable habitat for invasive species. 

During 
project 

Tree-
dominated 

habitats 
subject to 
invasives 

Equip- 
ment 
Oper- 
ator, 

Super- 
visor 

CAL 
FIRE 

Retain at least 60% 
tree canopy if 

available. 

Mitigation Measure 5.5.4-3. Prior to implementing any 
project, which could create conditions favorable to invasive species, 
CAL FIRE/applicant shall contact the county Agriculture Dept. and any 
local groups concerned with noxious weed control, to ascertain the 
location and extent of known populations of non-native invasive 
species, which could provide a seed source for the project area.  

Planning 
stage 

Knowledge of 
invasive 
species 

presence CAL FIRE 
CAL 
FIRE 

Help in identifying 
seed sources. 

Mitigation Measure 5.6-1. The project applicant shall submit 
a Smoke Management Plan to and obtain a smoke management 
permit from the local Air District. 

Planning, 
Implemen- 

tation 

Modeling of 
particulate 

concentrations 

Project 
propo- 
nent 

CAL 
FIRE 

Avoid impacts to 
sensitive 

receptors, Class I 
air quality areas. 

Mitigation Measure 5.6-2. Active-phase smoke monitoring 
shall be conducted during prescribed burns shall be conducted during 
prescribed burns. If smoke impacts occur the mitigations or 
contingencies in the smoke management plan will be implemented.. 

Implemen- 
tation 

Smoke 
monitoring CAL FIRE 

CAL 
FIRE 

Smoke 
management 

experts needed 
during 

implementation. 
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Mitigation Measure 5.7-1. The ERA of proposed VTP 
treatments shall be calculated for all Cal 2.2 watersheds that will be 
directly affected by the proposed project. If the proposed project will 
cause the ERA values for VTP projects in that watershed to exceed 2%, 
a more detailed watershed-specific analysis of potential water quality 
effects shall be required. A qualitative analysis will be required where 
VTP related ERA is projected to fall between 2 and 5 percent. A 
quantitative analysis will be required where VTP related ERA is 
projected to exceed 5 percent. The coefficients for each proposed 
treatment will be the same as those cited in Tables 5.7-2 and 5.7-3. 

Planning 
stage 

Calculation of 
likely ERA, 

subsequent 
analysis CAL FIRE 

CAL 
FIRE 

Need tables from 
EIR or explanatory 

document. 

Mitigation Measure 5.7-2. A protective buffer zone shall be 
designated on Class III watercourses in order to prevent introduction 
of sediment into Class III channels or accelerate sediment transport 
through Class III channels due to VTP treatments. The width of buffer 
zones shall be a minimum of 25 feet where slopes are less than 30% 
and 50 feet where slopes exceed 30%. Heavy equipment shall be 
excluded except at designated crossings in these buffers (ELZ) and 
broadcast burn intensity will be minimized so that the loss of large 
fuels (1,000 hour fuels [greater than 9 inches in diameter]) shall be 
minimized. The project proponent shall develop measures to limit 
ground disturbance and consumption of wood within streamcourses 
that contribute to channel stability. 

Planning, 
Layout, 

Implemen- 
tation 

Field 
identification 

of stream 
classes, buffer 
zones, slopes. 

Project 
propo- 
nent 

CAL 
FIRE 

Requires oversight 
of operations, 
knowledge of 

equipment 
capability, fire 

behavior. 

5.10-1  Checklist Item:  A project-specific checklist item will 
require the applicant to confirm that additional VTP projects that rely 
on the same road will not be conducted simultaneously if combined 
traffic volumes will exceed 10% of the ADT of access roads in proximal 
residential or commercial areas.  

Planning, 
Implemen- 

tation 

Project 
managers 

must consider 
adjacency, 

roads. 
Appli- 
cant 

CAL 
FIRE 

Adjust timing of 
projects that use 

same road system 
to mitigate traffic 

volumes 

5.10-2  Checklist Item:  The project applicant shall determine 
if the project would “Exceed, either individually or cumulatively, a level 
of service standard established by the county congestion management 
agency for designated roads or highways.”  This determination cannot 
be made at the statewide, programmatic level. Planning 

Traffic analysis 
vs. road 
impacts 

Appli- 
cant 

CAL 
FIRE 

Analyze at 
individual project 

level. 
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5.11-1  Checklist Item:  Are there any transmission lines or 
other electrical, telecom or water supply facilities in or near the 

project area?  Protection measures need to be taken and may include 
installation of fire-breaks using hand treatments around sensitive 

equipment. 

Planning, 
Implemen- 

tation 

Power lines 
and water 

supply 
infrastructure 

CAL 
FIRE CAL FIRE 

Develop and 
implement 
protection 

measures as 
needed. 

5.11-2  Checklist Item: If treatments will include digging below 
the surface of the ground to a depth of >2 feet, project manager 

should contact local utilities to determine location of buried 
underground utilities. 

Planning, 
Implemen- 

tation 
Underground 
utility lines. 

Project 
Mana- 

ger CAL FIRE 

Identify and avoid 
damage to 

underground lines. 

Mitigation Measure 5.12-1. The project proponent shall 
comply with noise standards established in the local general plan or 
noise ordinance, or applicable standards of other agencies. 

Planning, 
Implemen- 

tation 
Local noise 
standards 

Project 
propo- 
nent 

CAL 
FIRE 

Research local 
standards and 
incorporate in 

project. 

Mitigation Measure 5.12-2. The project proponent shall limit 
periods of equipment operation to 7AM to 7PM if treatments are 
within 1,600’ of sensitive receptors. The project proponent shall use 
site-specific measures that take into account the nature of the area 
and the inhabitants, or receptors.  

Planning, 
Implemen- 

tation 

Adapt timing 
of project to 
avoid noise 

impacts. 

Project 
propo- 
nent 

CAL 
FIRE 

Identify sensitive 
receptors, apply 

timing restrictions. 

Mitigation Measure 5.12-3. The project proponent shall limit 
VTP operations within the vicinity of occupied campgrounds and picnic 
areas to weekdays and non-holidays between 7 am and 7 pm. Noise 
abatement mitigation (e.g., limiting operations to weekdays, keeping 
heavy equipment as far away from receptors as feasible, and where 
necessary, utilizing methods and machinery that are less noisy) shall be 
included in any treatment that is within 100 feet of an open 
campground or within 200 feet of a residence, park, or other identified 
sensitive receptor. 

Planning, 
Implemen- 

tation 

Apply noise 
reduction 
methods. 

Project 
propo- 
nent 

CAL 
FIRE 

Identify sites likely 
to be affected, 

mitigate. 
Mitigation Measure 5.12-4. The noise effects from 

treatment operations on wildlife shall be mitigated as necessary. 
Depending on the wildlife species present, its status may require a 
consultation with DFG staff. within the nesting/breeding areas of noise 
sensitive listed species on a site-specific basis during the critical 
reproductive and young-rearing months. 

Planning, 
Implemen- 

tation 

Avoid negative 
noise effects 

to wildlife 
during critical 

periods 

CAL 
FIRE, 
DFG 

CAL 
FIRE, 
DFG 

Identify sites likely 
to be affected, 

mitigate. 
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Mitigation Measure 5.15-1. The operational area shall not 
have detrimental conditions (see description below) on more than 
15% of the area. Detrimental soil conditions occur when any of the 
following are found within the operational area of the project: 

1. Trail used by harvester, forwarder, skidder, bulldozer, etc. 
2. not used 
3. Wheel ruts or tracks are >10 cm deep 
4. Forest floor is missing/partially intact 
5. Trails have a high level of soil compaction 
6. Evidence of mineral soil displacement from tractor trails 
7. Mineral soil displacement from area between tractor skid 

trails 
Implemen- 

tation 

Avoid impacts 
to soils, 
erosion CAL FIRE 

CAL 
FIRE 

Monitor during 
project, constrain 

operations to 
mitigate to less 
than significant 

level. 

Mitigation Measure 5.15-2. Mechanical equipment and 
prescribed fire shall be limited so that soil cover on treated areas will 
exceed 30-50% of the operational area the first year and 50-70% the 
second year.  

Implemen- 
tation 

Avoid impacts 
to soils, 
erosion CAL FIRE 

CAL 
FIRE 

Monitor during 
project, constrain 

operations to 
mitigate to less 
than significant 

level. 

Mitigation Measure 5.15-3. Mechanical equipment and 
prescribed fire shall be limited so soil organic matter will cover more 
than 50% of the operational area, post-treatment. 

Implemen- 
tation 

Avoid impacts 
to soils, 
erosion CAL FIRE 

CAL 
FIRE 

Monitor during 
project, constrain 

operations to 
mitigate to less 
than significant 

level. 

Mitigation Measure 5.15-4. Mechanical equipment and 
prescribed fire shall be limited so soil bulk density (compaction) does 
not exceed 15% over natural conditions. 

Implemen- 
tation 

Avoid impacts 
to soils, 
erosion CAL FIRE 

CAL 
FIRE 

Monitor during 
project, constrain 

operations to 
mitigate to less 
than significant 

level. 

Mitigation Measure 5.15-5. Mechanical equipment and 
prescribed fire shall be limited so that after treatment there is still at 
least ½ of the natural litter layer. 

Implemen- 
tation 

Avoid impacts 
to soils, 
erosion CAL FIRE 

CAL 
FIRE 

Monitor during 
project, constrain 

operations to 
mitigate to less 
than significant 

level. 
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Mitigation Measure 5.15-6. Mechanical equipment and 
prescribed fire shall be limited so that displacement of humus does 
not exceed 15% of the soil organic matter under natural conditions. 

Implemen- 
tation 

Avoid impacts 
to soils, 
erosion CAL FIRE 

CAL 
FIRE 

Monitor during 
project, constrain 

operations to 
mitigate to less 
than significant 

level. 

Mitigation Measure 5.15-7. Mechanical equipment shall not be 
used on wet or saturated soils. The use of heavy equipment for 
mechanical treatment shall be limited to periods when there has 
been no significant (i.e., one inch or more) rainfall within the previous 
week.  

Implemen- 
tation 

Avoid impacts 
to soils, 
erosion CAL FIRE 

CAL 
FIRE 

Monitor during 
project, constrain 

operations to 
mitigate to less 
than significant 

level. 
 
Mitigation Measure 5.15-8. Prescribed burning shall not occur 

on active landslides. On dormant landslides or areas with high 
landslide potential, canopy cover provided by woody vegetation shall 
exceed 50% cover following treatment. Vegetation shall not be 
removed from the headwalls or margins of dormant landslides. 

Implemen- 
tation 

Avoid impacts 
to soils, 

erosion, mass 
wasting CAL FIRE 

CAL 
FIRE 

Constrain 
operations to 

mitigate to less 
than significant 

level. 

Mitigation Measure 5.15-9. Sufficient soil cover shall be 
maintained to control accelerated erosion and protect soil 
productivity. Maintaining sufficient soil cover will reduce the effects 
of prescribed burns on soil erosion and productivity. Guidelines for 
minimum soil cover for different vegetation types, soil textures, and 
erosion hazard are described in Table 4-2, page 4-20 of and the 
Klamath National Forest Land and Resource Management Plan (USDA 
Forest Service 2010) and on professional judgment. 

Implemen- 
tation 

Maintain soil 
cover to avoid 
erosion, soil 
degradation CAL FIRE 

CAL 
FIRE 

Use USFS 
document or 
professional 

judgment to design 
protective 
measures. 

Mitigation Measure 5.15-10. Heavy equipment shall not 
operate on geologically unstable areas except as prescribed below. 
No heavy equipment will be operated on active landslides, the 
headwalls or margins of dormant landslides, or areas with high 
geologic hazard, except on existing stable roads within such areas. If it 
is not feasible to completely avoid treatment actions on identified 
geologically unstable areas with high hazard potential, then a licensed 
geologist shall be consulted to develop appropriate additional 
mitigation measures. 

Planning, 
Implemen- 

tation 

Avoid 
triggering or 
exacerbating 
mass wasting CAL FIRE 

CAL 
FIRE 

Avoid impacts 
where noted or 

engage geologist 
to help design 

project operations. 
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Mitigation Measure 5.15-11. Mechanical treatments shall not 
be implemented perpendicular to contours on areas with high or 
extreme erosion hazard ratings. Mechanical treatment of vegetation 
shall be limited to work along topographic contours on areas with a 
high erosion hazard rating in order to reduce soil disturbance and 
erosion. Where mechanical clearing is aligned along the slope on 
highly erodible soils, soil disturbance shall be limited by restricting the 
hillslope length of cleared areas and interspersing cleared areas with 
untreated buffers. 

Planning, 
Implemen- 

tation 

Operating 
heavy 

equipment 
along contour, 

not 
perpendicular 

to contour 
Project 

manager 
CAL 
FIRE 

Identify potential 
problem areas, 
direct operator. 

Mitigation Measure 5.15-12. No mechanical treatment that 
removes/uproots the roots of vegetation shall be conducted on areas 
with a very high or extreme erosion hazard rating. 

Planning, 
Implemen- 

tation 

Avoid 
uprooting on 
erodible soils 

Project 
manager 

CAL 
FIRE 

Identify very high 
to extreme soils, 
avoid uprooting. 

 
Mitigation Measure 5.15-13. No more than 25% of the original 

woody vegetative stems shall be uprooted every two years within 
project areas with moderate or higher erosion hazard ratings.  

Planning, 
Implemen- 

tation 

Temporal 
limits on 

uprooting 
Project 

manager 
CAL 
FIRE 

Identify moderate 
and higher HER 

soils, track projects 
on site over time. 

Mitigation Measure 5.16-1. Rehabilitation measures, including 
revegetation and erosion control, shall be implemented when 
prescribed fires escape the project boundaries or burn at higher 
intensity than was planned. 

Post- 
project 

Rehabilitate 
areas of 

escaped or 
intense fire CAL FIRE 

CAL 
FIRE 

Identify areas for 
rehabilitation 

immediately after 
project. 

Mitigation Measure 5.16-2. Landowners that experience 
financial impacts due to escaped fires such as damage to agricultural 
crops, livestock, or structures shall be compensated based on 
appraised value of such losses by maintaining an insurance policy on 
each prescribed burn project for a minimum of five million dollars 
through the state insurance office. 

Post- 
project 

Compensate 
landowner for 
loss of value CAL FIRE 

CAL 
FIRE 

Make sure 
insurance is in 

place beforehand. 
Conduct appraisal 

of loss. 
Mitigation Measure 5.16-3. Emergency fire suppression 

equipment and personnel shall be made available as necessary to 
suppress escaped burns at the smallest practicable size. Prescribed 
fire projects will not be allowed to proceed unless adequate backup 
fire suppression forces are available in the vicinity to respond as 
necessary. 

Implemen- 
tation 

Adequate 
suppression 

forces on hand 
for escaped 

fire CAL FIRE 
CAL 
FIRE 

Identify available 
personnel. ensure 

availability. 
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Mitigation Measure 5.16-4. Application of ground-applied fire 
retardants shall not occur within 100’ of Class I or II watercourses and 
50’ of Class III watercourses.  

Implemen- 
tation 

Avoid buffer 
areas with 
retardant CAL FIRE 

CAL 
FIRE 

Supply maps of 
WLPZs to 

suppression crews. 

Mitigation Measure 5.16-5. Project personnel shall regularly 
inspect and maintain hydraulic and fuel hoses on equipment so as to 
prevent leaks or breaks. 

Implemen- 
tation 

Regular 
inspection to 
avoid leakage 
of chemicals CAL FIRE 

CAL 
FIRE 

Develop and 
monitor inspection 

schedule. 

Mitigation Measure 5.16-6. An on-site spill response kit 
capable of cleaning up five gallons or more of fuel, hydraulic oil, or 
other fluids where grease, oil, fuel or other similar materials could 
pass into lakes or watercourses shall be maintained on site. 

Implemen- 
tation Spill kit on site CAL FIRE 

CAL 
FIRE 

Make sure spill kit 
is complete, 

usable, known to 
project personnel. 

Mitigation Measure 5.16-7. Project personnel shall never leave 
the area while equipment is being fueled. 

Implemen- 
tation 

Monitor 
fueling to 

avoid spills CAL FIRE 
CAL 
FIRE 

Instruct personnel, 
maintain oversight 

Mitigation Measure 5.16-8. No hazardous emissions shall 
occur nor shall hazardous or acutely hazardous materials, substances, 
or waste be handled within one-quarter mile of sensitive receptors 
(existing or proposed schools, hospitals, assisted living facilities, etc.). 

Implemen- 
tation 

Avoid impacts 
to sensitive 

receptors from 
hazardous 
materials CAL FIRE 

CAL 
FIRE 

Identify sensitive 
receptors, 

distance, likely 
hazardous 

materials and 
spread rates. 

Mitigation Measure 5.16-9. CAL FIRE shall immediately notify 
the Department of Fish and Game and Regional Water Quality Control 
Board when accidental contamination has occurred that may result in 
harm to fish or wildlife. 

Implemen- 
tation 

Notify DFG and 
RWQCB of 

contamination CAL FIRE 
CAL 
FIRE 

Have contact 
information for 

DFG and RWQCB 
on site. 

Mitigation Measure 5.17-1. The maximum chemical 
application rates specified in the U.S. Forest Service and SERA Risk 
Assessments shall not be exceeded. Planning 

Temporal limit 
to chemical 
use on same 

site CAL FIRE 
CAL 
FIRE 

Keep records and 
maps of chemical 

use areas in 
project folder. 

Mitigation Measure 5.17-2. Local Indian tribes shall be 
consulted to determine areas of culturally significant vegetation and 
appropriate mitigation measures. Planning 

Avoid 
contamination 

of Native 
American 

cultural use 
plants with CAL FIRE 

CAL 
FIRE 

Use CAL FIRE 
protocol to identify 
appropriate tribal 

groups. 
Incorporate their 

feedback into 
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herbicides project design. 

Mitigation Measure 5.17-3. Herbicides shall not be applied 
within 100 feet of sensitive receptors that may be found in residential 
areas, schools or proposed schools, hospitals, high-use recreation 
areas, or crops susceptible to damage from the specific herbicides 
that are applied. 

Planning, 
Implemen- 

tation 

Avoid impacts 
to sensitive 
receptors & 

resources from 
hazardous 
materials CAL FIRE 

CAL 
FIRE 

Identify sensitive 
receptors, 
susceptible 
resources, 

distance, likely 
herbicides and 

application 
methods, spread 

rates. 

Mitigation Measure 5.17-4. Herbicides that are known to be 
highly mobile in coarse-textured soils shall not be used if the ground 
water table is less than 10 feet deep and average annual precipitation 
exceeds 12 inches. 

Planning, 
Implemen- 

tation 

Avoid chemical 
contamination 

of ground 
water CAL FIRE 

CAL 
FIRE 

Identify sensitive 
soil types during 
project planning. 
Monitor ground 
water level and 
precipitation. 

Mitigation Measure 5.17-5. The use of herbicides shall be 
minimized to the greatest extent possible on fine-textured or sandy 
soils near sensitive areas, such as shallow waterbodies or crops 
susceptible to damage. 

Planning, 
Implemen- 

tation 

Avoid chemical 
contamination 

of ground 
water, crops CAL FIRE 

CAL 
FIRE 

Identify sensitive 
soil types during 
project planning. 
Monitor ground 
water level and 
precipitation. 

Mitigation Measure 5.17-6. Herbicides shall not be used on 
steep (50+%) slopes if significant rainfall is predicted within 24 hours. 

Implemen- 
tation 

Avoid 
herbicide 

application 
during 

significant 
rainfall events. CAL FIRE 

CAL 
FIRE 

Identify slopes 
over 50% on maps. 

Have weather 
monitoring 

equipment and 
trained personnel 

on site. 
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Mitigation Measure 5.17-7. When spraying to meet non-
riparian area land management objectives, an untreated buffer of 
land and vegetation shall be left alongside surface waters, wetlands, 
or riparian areas. Buffer widths shall be established by the CAL FIRE 
project manager in consultation with a DFG or certified wildlife 
biologist, Certified Pesticide Applicator, and/or county agricultural 
commissioner, as needed. Buffer widths for herbicides not labeled for 
aquatic use shall be a minimum of 25 feet for vehicle spray 
applications and 10 feet for hand spray applications. 

Planning, 
Implemen- 

tation 

Establish 
buffers for 
herbicide 

application 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Work with other 
agencies/ 

personnel listed to 
develop and 

identify adequate 
buffers. 

Mitigation Measure 5.17-8. When spraying to meet riparian 
area land management objectives, localized buffers shall be 
established around non-target species and chemicals shall only be 
applied by hand methods. Buffer widths shall be established by the 
CAL FIRE project manager in consultation with a DFG or certified 
wildlife biologist, Certified Pesticide Applicator, and/or county 
agricultural commissioner, as needed. Buffer widths for herbicides 
not labeled for aquatic use shall be a minimum of 25 feet from water 
bodies for vehicle spray applications and 10 feet for hand spray 
applications. 

Planning, 
Implemen- 

tation 

Establish 
buffers for 
herbicide 

application, 
use hand 

application 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Work with other 
agencies/ 

personnel listed to 
develop and 

identify adequate 
buffers. Inform 
applicators of 
constraints. 

Mitigation Measure 5.17-9. Treatments near fish-bearing 
streams shall be minimized to the greatest extent possible during 
periods when fish are in early life stages that are most sensitive to 
herbicides. Herbicide formulations that are least toxic to fish shall be 
used. 

Planning, 
Implemen- 

tation 

Avoid impacts 
to fish at 

critical life 
periods 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Identify fish 
bearing streams, 

herbicide 
formulations. 

Mitigation Measure 5.17-10. Treatments near wetlands and in 
riparian areas where there are amphibians shall be minimized to the 
greatest extent possible, especially during periods when amphibians 
are in early life stages that are most sensitive to herbicides. Herbicide 
formulations that are least toxic to amphibians shall be used. 

Planning, 
Implemen- 

tation 

Avoid impacts 
to amphibians, 
esp. at critical 

life periods 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Identify wetlands, 
amphibian 
presence, 
herbicide 

formulations. 

Mitigation Measure 5.17-11. Treatments during bird nesting 
periods and other times shall be minimized to the greatest extent 
possible when wildlife is in stages of development that are most 
sensitive to herbicides. Herbicide formulations that are least toxic to 
wildlife shall be used. 

Planning, 
Implemen- 

tation 

Avoid impacts 
to birds, esp. 
at critical life 

periods 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Identify nesting 
areas, stages of 

bird development, 
herbicide 

formulations. 
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Mitigation Measure 5.17-12. Following herbicide treatments, 
treated areas shall be revegetated with native species if there is no 
reasonable expectation of natural regeneration. This is especially 
important if invasive, non-native species are found in abundance in 
the vicinity of treated areas. 

Post- 
treatment 

Revegetation 
with native 

species 

CAL 
FIRE/ 
DFG 

CAL 
FIRE/ 
DFG 

Identify presences 
of invasives, seed 

sources and 
seeding methods 
for native species. 
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Chapter 8  Environmental Checklist 

 
GENERAL NOTES:   
 

The CEQA guidelines section 15168 describes Program EIRs and section 15168(c)(4) states, 
“Where the subsequent activities involve site specific operations, the agency should use a written 
checklist or similar device to document the evaluation of the site and the activity to determine 
whether the environmental effects of the operation were covered in the program EIR.”  The 
checklist shall be completed by the lead agency for all VTP projects. The completed checklist will 
indicate whether the proposed project is in compliance with the Minimum Landscape Constraints, 
Management Requirements, and other requirements noted in the PEIR, thereby indicating whether 
the environmental effects of the proposed project are consistent with the analysis in the EIR. The 
Board will adopt a checklist as recommended by section 15168 (c)(4) at the time a determination is 
made on the Final EIR. 

 
A completed checklist documents whether a particular proposed project’s site-specific effects 

are less than significant with or without the use of the Mitigation Measures proposed in the EIR. If 
the project’s site specific impacts might be significant without mitigation, the lead agency will 
identify application of one or more of the Mitigation Measures described in the EIR, and, using the 
monitoring procedures in Chapter 7, monitor the impacts to the environment of the proposed 
project.   

 
In CEQA terms, the VTP environmental checklist is essentially an “Initial Study”. If the checklist 

reveals no significant adverse impacts resulting from the VTP project, then the proposed project is 
both within the scope of the VTPEIR and in compliance with CEQA. 

 
If the project, as finally proposed after including results of consultation with trustee and 

responsible agencies, could create environmental impacts that have not been addressed in the 
VTPEIR or that cannot be mitigated or avoided using measures from this “checklist”, CEQA requires 
the Lead Agency to do a supplemental environmental analysis and public review.   

 
The Checklist will contain four sections for most resource areas that could be affected by VTP 

projects: Chapter Heading, Conditions, Procedure, and Other. Their applicability is briefly described 
below. 
 
OUTSIDE AGENCY REVIEW/Checklist: 
 

The VTPEIR requires thorough consultation with trustee and responsible agencies where their 
expertise applies to the proposed project (water, special status species, etc.). This occurs before a 
checklist is prepared on the proposed project. As a result of the required consultation(s), the 
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originally proposed project design or implementation may be changed to avoid or lessen 
environmental impacts. Once necessary modification to project design or implementation is 
identified during the consultation process and made by the project proponent, a checklist is 
prepared by the appropriate Lead Agency staff. Where such changes are made they will be 
identified in the “other” section of the checklist. During the checklist review any additional LC’s, 
MMR’s, mitigations, and checklist items necessary to assure project impacts will be less than 
significant, those items will be identified by checking the appropriate items as provided in the 
checklist.   
 
CHECKLIST HEADING: 
 

The checklist heading will list the section of the VTPEIR that discusses the effects of VTP 
treatments to a specific resource; for example 5.5.2 - Wildlife. The entire set of checklist items 
under each checklist heading are derived from constraints or directions included in the indicated 
VTPEIR chapter. 
 
CONDITIONS: 
 

Conditions that would avoid significant impacts include physical or biological site 
characteristics, season, climate, duration or size of project, tools or techniques used in the project or 
other site or treatment specific factor. Such conditions may negate the necessity of applying 
mitigation measures or other procedures necessary to reduce impacts from treatments. 
 
PROCEDURE: 
 

In this portion of the checklist, for each specific resource analyzed within the VTPEIR, the 
applicable Landscape Constraints (LC), Minimum Management Requirements (MMR), and 
mitigations measures will be listed. The project proponent will check any procedures that will be 
applied to lessen or avoid impacts for each resource area topic. Procedures are derived from 
Landscape Constraints (LC), Minimum Management Requirements (MMR), Mitigation Measures, or 
Checklist Items as referenced in the indicated chapter. Checking boxes to denote adherence to a 
particular LC, MMR, Mitigation Measure, or Checklist Item will not be done unless the circumstance 
that generates the need for such a procedure exists on the project site (i.e., all checklist boxes do 
not have to be checked unless they apply.)   
 
OTHER: 
 

If the condition or procedure that is checked in the checklist is not adequately described by the 
wording of that portion of the checklist, or if the item directs the project proponent to do so, the 
proponent must add appropriate information in the “Other” section, or attach documentation/ 
information as necessary to adequately describe a condition or procedure that will be applied to the 
project.    
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Chapter 9  Public Scoping 
 
9.0 Initial Scoping 
 

The intent of the scoping process is to identify the significant issues for study in the PEIR and to 
determine the scope of the analysis of each issue (State CEQA Guidelines Section 15083). The 
scoping process involves distributing a Notice of Preparation (NOP) of the PEIR, holding public 
scoping meetings, and requesting comments from agencies and individuals. All comments are 
evaluated and summarized in a report and used to develop the scope of the PEIR. 

In June of 2000, CAL FIRE (then CDF) completed and certified a programmatic EIR for the 
department's Vegetation Management Program (VMP). In January of 2002, the Superior Court of 
San Francisco County ordered that the EIR be decertified for failure to adequately address the 
potential environmental impacts of the program. Herbicide use in association with VMP projects 
was cited specifically (e.g., herbicides used as either a precursor step or a follow-up maintenance 
step to a VMP project). Where appropriate, information developed as a part of this EIR may be 
incorporated into the proposed Vegetation Treatment Program EIR.  

In 2005, the Legislature passed and the Governor signed into law SB 1084 (Kehoe), which 
broadened the range of vegetation treatment practices specifically enumerated in the Public 
Resources Code, added a definition of “hazardous fuel reduction,” and made other changes to the 
major statutory provisions guiding CAL FIRE’s vegetation treatment authorities. See Public 
Resources Code sections 4461-4494. 

On August 12, 2005, CAL FIRE filed a NOP for the Vegetation Management Program Draft 
Environmental Impact Report (SCH #2005082054). CAL FIRE conducted scoping for the proposed 
draft EIR, including public scoping meetings held in Redding, Sacramento, Fresno, and Riverside 
during August 2005. Since the time of the Department’s issuance of the earlier NOP, the 
Department and the Board of Forestry and Fire Protection have determined that it is more 
appropriate for the Board to be the lead agency for the proposed program. This determination is 
based on the Board’s role in developing the regulations and policies that CAL FIRE implements 
through its various vegetation treatment programs. A total of 11 written comments were submitted 
as a result of the NOP filed by CAL FIRE in August 2005. Comments were submitted by private 
individuals, researchers, state and federal land managers, and state regulatory agencies.  

A series of public scoping sessions was held around the state over the last two weeks of August 
2005. Meetings were held in Redding, Sacramento, Fresno and Riverside CA, usually between 5:30 
and 8:30 PM. A total of 15 public comments were submitted during the public comment sessions.  

At their regular meeting on March 8, 2006, the Board acted to accept the Lead Agency role for 
this EIR (now referred to as the Vegetation Treatment Program in order to avoid confusion with CAL 
FIRE’s existing Vegetation Management Program). All scoping comments received by the 
Department in response to its earlier NOP have been incorporated by the Board as a part of the 
scoping for the Vegetation Treatment Program EIR proposed herein. The Board contracted with CAL 



Public Scoping 

 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Administrative Draft Environmental Impact Report 

 9- 2 

 

FIRE to have CAL FIRE produce the Vegetation Treatment Program Draft Environmental Impact 
Report.  

A slightly revised Notice of Preparation was filed with the State Clearinghouse on April 16, 2006 
changing the lead agency to the State Board. An additional public comment period for the second 
Notice of Preparation ended on May 19, 2006. The Board solicited comments on the potentially 
significant environmental effects of implementing the Vegetation Treatment Program and 
requested assistance in identifying mitigation measures and feasible project alternatives that avoid 
or reduce impacts. Oral comments were received at a public scoping meeting held as a part of the 
May 4, 2006 meeting of the Board of Forestry and Fire Protection, which took place during the 
Board’s meeting at North Tahoe Conference Center in Kings Beach, CA. Written comments were 
also received at the same time. 

Since that time the Board adopted a new 2010 California Fire Plan, which is risk based. The 
Board and Department were able to identify the resources necessary to move forward with 
preparation of the Draft VTPEIR and in April 2011 invited the public to provide any new information 
that may have occurred since the original 2005 Scoping Sessions. Two webinars, hosted by the 
Board of Forestry were held in April 2011, one on April 14 and the other on April 26 where CALFIRE 
staff presented an update to the public and agencies and solicited comments about the VTP. In May 
2011, the Board of Forestry issued a scoping notice soliciting new public and agency comment on 
the preparation of the VTP EIR.  
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Chapter 10  List of Preparers & Individuals/Organizations Consulted 
 

The Department of Forestry and Fire Protection and BBW Associates prepared this EIR under 
the direction of the Board of Forestry and Fire Protection. The following individuals contributed to 
the preparation of this EIR.  

List of Individuals Involved in Preparing the EIR 

Greg Blomstrom, Forester, BBW Associates 
Bill Wilkinson, Forester, BBW Associates 
Jared Gerstein, Forester, BBW Associates 
Paul Harper, Forester, BBW Associates 
Kenneth Baldwin, Forester, BBW Associates 
Jessica L. Cappadonna, Consultant 
Jessica Stauffer, Wildlife Biologist, Consultant, Mad River Biologists 
Jim Tietz, Wildlife Biologist, Consultant, Mad River Biologists 
Ken Burton, Wildlife Biologist, Consultant, Mad River Biologists 
Kelly Sheen, GIS Specialist, Trinity County Resource Conservation District 
Mark Dowdle, Trinity County Resource Conservation District 
Dean Cromwell, Research Manager, Fire and Resource Assessment Program, CAL FIRE  
Lori Gustafson, GIS Specialist, Fire and Resource Assessment Program, CAL FIRE 
Lisa Hartman, Office Technician, Fire and Resource Assessment Program, CAL FIRE 
Elsa Hucks, Forester (Fire Ecology), Fire and Resource Assessment Program, CAL FIRE 
Chris Keithley, Director, Fire and Resource Assessment Program and formerly Watershed Specialist, 
 Fire and Resource Assessment Program, CALFIRE 
Robert Motroni, Senior Wildlife Biologist, Fire and Resource Assessment Program, CAL FIRE 
Dave Sapsis, Senior Fire Scientist, Fire and Resource Assessment Program, CAL FIRE 
Richard Walker, PhD GIS and Modeling Specialist, Fire and Resource Assessment Program, CAL  FIRE 

 

List of Individuals/Organizations Consulted During the Preparation of the EIR 

Allen Robertson, Deputy Chief Environmental Protection (retired), CAL FIRE  
Peter Cafferata, Hydrologist, CAL FIRE 
Daniel Foster, Archeology Program Supervisor, CAL FIRE 
Sylvia Morrow, Manager Particulate Matter Analysis Section, California Air Resources Board 
Scott Johnson, Vegetation Management Specialist, California Forest Pest Council 
Steve Schoenig, Senior Environmental Research Scientist, California Department of Food & 
 Agriculture 
Jim Rains, Staff Environmental Scientist, California Department of Food and Agriculture 
Lorna Dobrovolny, Environmental Scientist, California Department of Fish & Game, 2007, 2011
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Dan Airola, Consulting Wildlife Biologist 
Range Management Advisory Committee, California Board of Forestry & Fire Protection 
Pat Frost, Trinity County Resource Conservation District 
Jennifer L. Vollmer, Ph.D., Environmental Resource Specialist, BASF Chemical Company, pers. 
 comm. 2007 
Turner, Mr. _____  DuPont Corporation, pers. comm. 2007 
James Haas, Ph.D, Environmental Contaminants Coordinator, USDI Fish and Wildlife Service, 
 pers. comm. 2007 
Darrin Thome, Forester, Habitat Conservation, & Contaminants Program Manager, USDI. Fish 
 and Wildlife Service, pers. comm. 2007 
J. Dunk, Humboldt State University, pers. comm. 2007 
M. Mesler, Humboldt State University, pers. comm. 2007 
E. Moser, USFS Hydrologist TEAMS member, pers. comm. 2007 
K. Slauson, USDA Redwood Sciences Laboratory, pers. comm. 2007 
P.M. Wohlgemuth, USDA Forest Service Fire Science Laboratory, pers. comm. 2007 
Frank Stewart, Director, Sierra Nevada Region, California Fire Safe Council, 2011 
David Longstreth, Department of Conservation, California Geological Survey, 2011 
Chuck Johnson, CPSS, Chief, Land Resources Branch, US Bureau of Reclamation, 2011 
David Bakke, Pesticide Use Specialist and Invasive Plants Program Manager State and Private 
 Forestry, USDA Forest Service, 2011, 2012 

Portions of an earlier EIR, Final Program Environmental Impact Report for Vegetation 
Management Program, April 2000, prepared by Jones and Stokes Associates and CAL FIRE, are 
incorporated into this EIR. The overall content of this EIR reflects the work of the Department of 
Forestry and Fire Protection, acting in its capacity as a contractor to the Board of Forestry and 
Fire Protection. 
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DFG 1600 
permit 

A permit issued by the California Department of Fish and Game that 
depending on permit conditions allows a person, business, state or local 
government agency, or public utility to substantially modify a river, stream or 
lake by an activity that will, 1) divert or obstruct the natural flow of any river, 
stream or lake, 2) substantially change or use any material from the bed, 
channel, or bank of, any river, stream, or lake; or 3) deposit or dispose of 
debris, waste, or other material containing crumbled, flaked, or ground 
pavement where it may pass into any river, stream, or lake.  
 

DPA Federal DPA are lands that would normally receive fire protections services 
from CAL FIRE; however, due to efficiency of operations these lands receive 
fire protection from federal agencies according to written agreements with 
CAL FIRE. 
 

CalWat The California Interagency Watershed Map of 1999 (Calwater 2.2, updated 
May 2004, "calw221") is the State of California's working definition of 
watershed boundaries. Previous Calwater versions (1.2 and 2.2) described 
California watersheds, beginning with the division of the State's 101 million 
acres into ten Hydrologic Regions (HR). Each HR is progressively subdivided 
into six smaller, nested levels: the Hydrologic Unit (HU, major rivers), 
Hydrologic Area (HA, major tributaries), Hydrologic Sub-Area (HSA), Super 
Planning Watershed (SPWS), and Planning Watershed (PWS). At the Planning 
Watershed (the most detailed level), where implemented, polygons range in 
size from approximately 3,000 to 10,000 acres. At all levels, a total of 7035 
polygons represent the State's watersheds. The present version, Calwater 
2.2.1, refines the watershed coding structure and documentation (database 
fields were added and some were renamed). There are significant watershed 
boundary, code, and name differences between Calwater versions 1.2 (1995), 
2.0 (1998), and 2.2 (1999). The differences between versions 2.2 (1999) and 
2.2.1 (2004) are attribute field names and some inserted lines that identify 
differences between State and federal watersheds. 
 

Class I and II 
watercourses 

California Forest Practice Rules define a Class I watercourse at 916.5 as 1) 
domestic supplies including springs on site and/or within 100 feet 
downstream of operations or 2) a stream where fish are always or seasonally 
present including habitat to sustain fish migration and passage. The definition 
of a Class II watercourse is a stream where fish are always or seasonally 
present within 1000' downstream, and where there is aquatic habitat for 
nonfish aquatic species. 
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Condition  
Class 
 

Relative risk of losing key components that define an ecosystem based on 
current vegetation type and structure, expected fire frequency, and potential 
fire behavior. 
 

Drainage 
facilities 

Items constructed to control water, including, but not limited to, fords, inside 
ditches, waterbreaks, outsloping and rolling dips. 
 

Fire hazard 
 

Physical conditions of the fire environment that can cause damage; often viewed as 
the combined effects of slope and fuel conditions. 
 

Fire intensity A measure of the rate of energy released in the flaming front of a fire. 
 

Fire regime A description of the general and average pattern of fire frequency and severity 
typical to a particular area or type of landscape. Regime can include other metrics of 
the fire, including seasonality and typical fire size, as well as a measure of the pattern 
of variability in characteristics. 
 

Fire risk Expected damage from fire to a particular asset or resource under consideration. 
 

Fire rotation An area-based average estimate of fire frequency, calculated as the length of time 
necessary for an equal to the total area of interest to burn. 
 

Fire Safe 
Councils 

A group of concerned citizens organized to educate groups on fire safe 
programs, projects and planning. The Councils work closely with the local fire 
agencies to develop and implement priorities. 
 

Fire severity A measure of the effects of a fire on ecosystem components, usually the dominant 
vegetation, often expressed in terms of level of mortality. 
 

Fossorial 
 

An organism adapted to burrowing, digging and life underground (badger, 
naked mole rat, etc.). 
 

Fuel ladders The live or dead vegetation that allows a fire to climb up from the forest floor 
into the tree canopy. 
 

Integrated 
pest 
management  

CA Healthy Schools Act of 2000 (AB2260) defines IMP as a pest management 
strategy that focuses on long-term prevention or suppression of pest 
problems through a combination of techniques such as monitoring for pest 
presence and establishing treatment threshold levels, using non-chemical 
practices to make the habitat less conducive to pest development, improving 
sanitation, and employing mechanical and physical controls. Pesticides that 
pose the least possible hazard and are effective in a manner that minimizes 
risks to people, property, and the environment, are used only after careful 
monitoring indicates they are needed according to pre-established guidelines 
and treatment thresholds.  
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Litter The uppermost layer of the forest floor consisting chiefly of fallen leaves and 

other decaying organic matter. 
 

Periphyton An assemblage of organisms (mostly algae) attached to and living on 
submerged solid surfaces in natural environments such as rivers. 
 

Prescribed fire Any fire ignited by management actions to meet specific objectives. 
 

Riparian area Transition zone between a stream’s edge and the drier uplands. 
 

Sensitive 
receptors 

People that have an increased sensitivity to an environmental impact such as 
noise, air pollution, hazardous materials etc. Sensitive receptor locations 
include schools, parks and playgrounds, day care centers, nursing homes, 
hospitals, and residential dwelling unit(s).  
 

Wet areas Those areas which are moist on the surface throughout most of the year 
and/or support aquatic vegetation, grasses and forbs as their principal 
vegetative cover (Ref. Sec. 4562.7, PRC). 
 

Wetlands 
 
 
 
Wildland fire 

An aquatic (water dominated) land cover class having greater than two 
percent vegetation cover and having less than 10 percent of the over story 
canopy occupied by trees or shrubs. 
 
Any non-structure fire, that occurs in the wildland. 

 
Wildfire 

 
An unplanned, unwanted wildland fire, including unauthorized human-caused fires, 
escaped wildland fire use events, escaped prescribed fire projects, and all other 
wildland fires where the objective is to put the fire out. 

 
Wildland fire 
use 

 
The application of the appropriate management response to naturally ignited 
wildland fires to accomplish specific resource management objectives in predefined 
designated areas outlined in Fire Management Plans. 
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Appendix A 
 
Spatial Modeling of Landscape Potential for the Vegetation Treatment Program 
(VTP) – Executive Summary 
 
Abstract 
 

The proposed Vegetation Treatment Program (VTP) of the California Department of 
Forestry and Fire Protection (CAL FIRE) will operate on a base of approximately 37 million acres 
of wildland vegetation throughout California. About 90% of the base area is on private, non-
federal jurisdiction lands, where land use varies from wildland-urban interface (WUI) zones, to 
commercial timber production, to sparsely populated ranches or non-commercial private lands. 

Not all eligible wildland acres are in equal need of, or would equally benefit from, 
vegetation treatment under the program. Areas where there are commercial and 
noncommercial assets at risk, and those with a buildup of hazardous fuels can benefit greatly 
from treatment, whereas more remote areas of less value may not be of primary importance 
for receiving treatment. And in some areas particular treatment practices, such as mechanical 
removal of vegetation, may be limited or excluded for environmental or other reasons.   

In support of the PEIR, we performed two Geographic Information System (GIS) based 
analyses to map areas eligible for VTP projects, to highlight those watersheds: 1) of greater 
potential program need of (and benefit from) vegetation and fuels treatments (the “benefit 
potential” or allocation model); and 2) where certain treatment practices (e.g. prescribed 
burning) may be constrained due to other considerations in the landscape (the “constraints 
model”). Potential treatment need was based on the relative concentrations of both natural 
and development-related assets in the watershed that would benefit from the program (e.g. 
structures, timber, water quality, etc.). Potential treatment constraints were mapped with 
respect to the five main practices (prescribed burning, mechanical treatment, manual 
treatment, herbicide treatment and herbivory (i.e. domestic animal grazing)) of the program. 
Available spatial data from various sources (mostly CAL FIRE) was synthesized into watershed-
based evaluations of wildfire hazard, landscape values at risk (social, economic, natural, and 
cultural resources) and potential constraints using logic developed by CAL FIRE staff. Figure A.1 
shows graphically the process of how each of the above maps was derived. Reading the graphic 
from left to right shows the specific data and evaluations that were used to create the final 
maps. The resultant maps provide a view as to how the program could allocate and help 
prioritize program vegetation treatment projects, according to their relative need and potential 
benefit. 
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Figure A.1 Graphic showing the basic logic and generic data inputs used for the landscape-based Relative 
Risk Rating assessment 
 
VTP Spatial Domain 
 

The VTP area of operation includes lands that are under CAL FIRE jurisdiction and have 
wildland vegetation cover. Using Calwater Planning Watershed Units (PWS), Figure A.2 shows 
the percentage of each PWS under CAL FIRE (and VTP) jurisdiction, including direct protection 
areas CAL FIRE provides to lands under federal jurisdiction. This analysis was performed at the 
planning watershed level of aggregation. Maps rendered for this analysis show only those areas 
of each PWS under CAL FIRE (and VTP) jurisdiction, with non-jurisdictional areas colored gray. 
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Figure A.2 The percentage of Calwater planning watershed (PWS) units of VTP jurisdiction 
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Table A.1 
Main Areas (by Bioregion) of VTP Operation 
Bioregion VTP main areas of operation 
Klamath / North Coast 1) North Coast Mountains and valleys, 

2) Klamath Mountains and valleys in Shasta / Siskiyou counties 
Modoc 3) Southern (west side of ) Cascades, 

4) Northeastern Plateaus 
Sacramento Valley 5) Northern end of valley in Shasta and Tehama counties, 

6) Fringe of Sierra foothills 
Sierra Nevada 7) Foothills and middle elevations on west side 

8) Arid mountains near Tehachapi 
Bay Area / Delta 9) North of San Pablo Bay: non-agricultural hills and mountains 

10) East and SE of Bay: non-developed, non-agricultural hills and mountains 
11) Coast ranges west of Santa Clara Valley and development 

San Joaquin Valley 12) Very fringe of Sierra foothills 
13) southwest corner in the coastal dry plains 

Central Coast 14) Hills and mountains (Gabilan and Diablo Ranges) east of Salinas Valley 
15) Coast ranges (Santa Lucia Range) west of Salinas Valley and hills and valleys 
west of Transverse Range 

Mojave 16) (Very little of bioregion) Western fringe, bordering the Sierra Nevada and 
South Coast bioregions 

South Coast 17) Undeveloped hills of Ventura county 
18) Isolated rugged lower-elevation mountains (e.g. Santa Ana Mountains) 

Colorado Desert 19) Anza Borrego State Park 
20) Laguna Mountains area west of park and east of San Diego 

 
VTP Benefit Potential 

VTP The final result of the landscape benefit potential modeling exercise is the Relative Risk 
map (Figure A.3). It ranks Calwater planning watersheds benefit potential into highest, high and 
moderate by two landscape criteria: 1) the level of hazard from wildfire; and 2) the 
concentration of values or assets. Watersheds with the highest ranking (brown) are high in both 
criteria, whereas those with high or moderate have a lesser ranking in one or both. 
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Figure A.3 Relative Risk is the final result map of the benefit potential / opportunity GIS model, 
combining wildfire hazard level and concentration of values at risk by Calwater planning watershed. 

The highest ranking areas shown in map of Relative Risk are where there is a co-occurrence 
of wildland vegetation and infrastructure (buildings, powerlines, etc.), although natural 
resources at risk also play a significant role. By bioregion (CBC 2000), watersheds of highest 
rank of potential benefit are most prevalent in scattered areas of the Klamath / North Coast 
bioregion; concentrated in the western foothills and lower elevations of the Cascade mountains 
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in the Modoc bioregion; throughout the western foothills and middle elevations of the Sierra 
Nevada Bioregion; less-developed forested and brush-covered hill and mountain areas of the 
Bay Area / Delta Bioregion; coastal forests in the Central Coast Bioregion; and scattered 
undeveloped areas of mostly chaparral in the South Coast Bioregion.. The desert Bioregions 
(Mojave, Colorado Desert) have a few small areas bordering the bioregions to their east. 

The two source maps for the Relative Risk map are shown in Figures A.4 and A.5, the 
Wildfire Hazard Rating map and the Values at Risk map. The map of Wildfire Hazard Rating 
(Figure A.4) was produced by merging data from three CAL FIRE sources: Number of Times 
Burned since 1950 (FigureA.6a); Fire Regime Condition Class (Figure A.6b); and Fuel Ranking 
(Figure A.6c). Areas of high risk of wildfire tend to be where it has frequently burned in recent 
decades, where the vegetation type is adapted to frequent burns, and where there is a buildup 
of fuels. 

The map of Values at Risk was produced by synthesizing a large amount of data on the 
concentrations of infrastructure, natural resource commodities and non-commercial 
environmental services. The two maps used to create the Values at Risk were the 
Social/Economic Concerns (Figure A.7) and the Natural/Cultural Resource Concerns (Figure A.8). 
The Social/Economic Concerns map was in turn derived from evaluations of data on 
Infrastructure and Natural Resource Commodities (Figures A.9a and A.9b). The Natural/Cultural 
Resource Concerns map was made from an evaluation of Environmental Services provided by 
the landscape (Figure A.10). 

Maps of input data (lowest model level) 

The root level of the analysis began with the data used as inputs for synthesis and 
evaluation. The data for the simple Wildfire Hazard are described above. Here we elaborate on 
the data used in the main model evaluations: Infrastructure, Natural Resource Commodities 
(used for Socio/Economic Values of Concern) and Environmental Services (used for 
Natural/Cultural Resource Values of Concern). 

The Infrastructure Values map (Figure A.9a) was determined by five data sources: 1) 
Wildland-Urban Interface; 2) Power Line Rights of Way; 3) Rural Highways; 4) Municipal Water 
Supplies; and 5) Hydroelectric Plants, shown in Figures A.11a through A.11d. Assets for each 
data source were ranked 1 (lowest) to 3 (highest), similar to the system used for FirePlan data. 
All input data to Infrastructure were weighted equally. 

The Natural Resource Commodities Values map (Figure 9b) was determined by three data 
sources (and an evaluation): 1) Merchantable Timber; 2) Livestock Forage; and 3) Water 
Production; and an evaluation of Recreational Values (Figures A.12a through A.12d). 
Recreational Values were derived taken three primary data sources: 1 kilometer areas 
surrounding lakes larger than 100 ha (250 acres) in size; scenic visibility, and accessibility to the 
public. 

The Environmental Services Values map (Figure A.10) used five data sources: 1) Forest 
Structure (large trees) Assets; 2) Soil Erosion Potential: 3) Air Quality (based on PM-10 non-
attainment); 4) Total Wildlife Habitat Capability and 5) Presence of Sensitive Species (Figures 
A.13a through A.13e).  
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Figure A.4 The Wildfire Hazard Rating map combines three maps by Calwater Planning Watershed: the 
Number of Times Burned since 1950, Fire Regime Condition Class and Fuel Ranking. This is the first of 
the two inputs to the final Relative Risk map. 
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Figure A.5 The Values at Risk map combines two maps by Calwater Planning Watershed: the 
Social/Economic Concerns and the Natural/Cultural Resource Concerns. This is the second of the two 
inputs to the final Relative Risk map. 
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Figures A.6a and A.6b Rankings of the first two of three inputs to Wildfire Hazard Rating: Times Burned 
since 1950, and Fire Regime Condition Class. 
 

 
Figure A.6c The third of three inputs to the Wildfire Hazard Rating: Fuel Ranking. All inputs were 
weighted equally. 
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Figure A.7 Evaluation of Social/Economic Concerns, which combines Infrastructure Values (Figure A.9a) 
and Natural Resource Commodities Values (Figure A.7b). This is the first of two inputs to the Values at 
Risk map. 
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Figure A.8 The final result for Natural and Cultural Resource Concerns. Archaeological data were 
unavailable for this study, thus the result is identical to the Environmental Services evaluation (Figure 
A.10). This is the second of two inputs to the Values at Risk map. 
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Figures A.9a and A.9b Maps of final results of Infrastructure Values and Natural Resource Commodity 
Values on VTP jurisdiction lands, which combined to created Social/Economic Concerns (Figure A.5). 
Infrastructure Values had five data inputs and Natural Resource Commodity Values used four data 
inputs. 

 
Figure A.10 Map of the final results of Environmental Services Values, the sole input to Natural/Cultural 
Resource Concerns. Five data sources contributed to this map. 
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Figures A.11a and A.11b The first two (of four) inputs to the evaluation of Infrastructure Values (Figure 
A.9a): Wildland-Urban Interface Assets, and (combined) Power Lines and Rural Highways Assets 
 

 
Figures A.11c and A.11d Inputs 3 and 4 (of four) to the evaluation of Infrastructure Values (Figure A.9a): 
Presence of Hydroelectric Assets and Municipal Water Supply Assets. Combined highway and power line 
infrastructure rankings ranged from one (low importance) to 3 (high importance) by PWS. 
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Figures A.12a and A.12b First and second of the four inputs to the Natural Resource Commodity 
evaluation: Merchantable Timber Assets and Livestock Forage Assets, weighted 43% and 7% respectively 
of the composite result. 
 

 
Figures A.12c and A.12d Maps of the data inputs 3 and 4 (of four) to Natural Resource Commodity 
evaluation: Water Production Assets and Recreational Assets, weighted 36% and 14% of the final result. 
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Figures A.13a and A.13b Data inputs 1 and 2 (of five) to the Environmental Services evaluation (Figure 
A.10): Forest Structure Assets (large trees) and Soil Erosion Potential. 
 

 
Figures A.13c and A.13d Data inputs 3 and 4 (of five total) to the Environmental Services evaluation, 
Ranked Air Quality PM-10 Non-attainment PWS, and Ranked Total Habitat Capability for vertebrates. 
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Figure A.13e The 5th of 5 inputs to the Environmental Services evaluation, showing the Number of 
Species Listed in the California Natural Diversity Database (CNDDB). 

Discussion 

We used the best available spatial information to create maps highlighting and ranking 
areas according to the potential benefit they would receive from the program. The main tasks 
were: defining the logic by which to evaluate the areas for program need; finding spatial data 
appropriate for the model inputs, normalizing the results among the various data sources, both 
spatially and thematically; and deciding on thresholds between low, medium and high rankings 
in the intermediary and final mapped outputs. 

Results of Relative Risk Ratings by major VTP area of jurisdiction, by Bioregion 

Klamath / North Coast Bioregion Risk Ratings 

 Coastal Mountains and Valleys 

 Low-lying areas adjacent to the coast, such as the Eureka Plain and along the coast 
from Point Arena to Fort Bragg, were the only places with a low Relative Risk ranking 
in this subregion. High and moderate risk areas occurred in a varied patchwork across 
the remaining watershed with CAL FIRE jurisdiction. The main determinant separating 
the two higher ratings appeared to be the relative concentration of infrastructure 
values. 

Interior Foothills and Valleys 

 Grass-dominated valley watersheds in Siskiyou County and the west side of the 
Sacramento Valley were rated as low in risk. High risk areas were concentrated around 
the oak-dominated vegetation in the northwestern Sacramento Valley, conifer and 
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mixed hardwood conifer areas around the Scott Valley and on the northern side of the 
Shasta Valley (Siskiyou County), and southwestern Siskiyou County in the forested 
open valleys of the Cascade Range. Areas of moderate risk included wildland chaparral 
and mixed forests on the west side of the Sacramento Valley, most of the 
checkerboard private holdings (legacy of the railroads) and central Siskiyou County. 

 
Modoc Bioregion Risk Ratings 

 
 Low to mid elevations of the west slope of the Cascade Range 
 
 High risk dominate this southwestern subregion of the Modoc bioregion, mainly in 

conifer forest and shrub vegetation types. Wildland-Urban Interface areas are 
common. Growing retirement communities like Burney and the Paradise/Magalia 
area, in concert with high wildland fuel loadings, likely contributed to the high ratings. 
In addition, several large fires have burned in this region in recent years, and this high 
rate of ignition also likely contributed to the high risk ratings. 

 
 Valleys of the Cascade Range and the Modoc Plateau 
 
 Few watersheds in this subregion came out as high risk in this analysis, likely due to 

the mostly dispersed fuel loadings and sparse infrastructure values. One exception is 
the area around Susanville, with its above average concentration of infrastructure 
values. 

 
Sacramento Valley Bioregion Risk Ratings 

 
 Northern end of Valley 
 
 This subregion is dominated by high risk watersheds. These are areas in Shasta County 

and northern Tehama County with a high percentage of WUI, in oak woodland 
dominated vegetation (rural developments around Redding and northwest of Red 
Bluff).  

 
 Fringe of the Valley (east and west sides) 
 
 High risk also shows up in the small sliver of the bioregion on the gradient to the Sierra 

Nevada foothills in the vicinity of Oroville and southwards. On the other extreme, only 
low risk occurs in grass-dominated watersheds on the fringe of the foothills on both 
sides of the valley from central Tehama County southwards. 

 
Sierra Nevada Bioregion Risk Ratings 

 
 Westside foothills and middle elevations and Truckee area 
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 This subregion is almost uniformly of high risk, due to the concentration of WUI and 

other assets contributing to infrastructure values, in combination with chronically high 
wildland fuel loadings. The Interstate-80 corridor near Truckee also show as being high 
risk. About the only exceptions are found in moderate risk areas in the lowest 
elevation areas (oak woodland gradient to oak savanna and grasslands) particularly in 
southern Tulare and northern Kern counties. 

 
 Arid mountains at southern tip of Sierra Nevada 
 
 All three risk categories appear in nearly equal proportions in the area southeast of 

Bakersfield towards Tehachapi, largely dependent on the vegetation type dominant. 
Grassland dominated watersheds are typically lower risk, while shrub and hardwood 
forest dominated watersheds are rated higher. 

 
Bay Area / Delta Bioregion Risk Ratings 

 
 Marin Peninsula and San Pablo Bay north 
 
 Risk levels appear strongly bimodal in this subregion, with most of the area being in 

either low or high risk categories. Lowest average elevation watersheds, most often 
grass dominated, came out as low risk, even though there is much dispersed 
development in these areas. The high risk watersheds tended to have forest resources 
near the coast, or forest and chaparral in mountainous areas inland. 

 
 East Bay and parts Southeast 
 
 Several of these watersheds are dominated by heavy development and are at low risk 

of wildland-related fire. High risk areas occurred on the southwest side of the Diablo 
Range in hardwood woodland and chaparral vegetation.  

 
 Coast Ranges west of Santa Clara Valley 
 
 Most watersheds in the core of the Santa Cruz Mountains came out as high risk, some 

but areas adjacent to the coast were low risk, likely due to marine influence and few 
historical ignitions. Leeward of the mountains came out low as well, where vegetation 
transitions to hardwoods, also with low likelihood of ignition. 

 
San Joaquin Valley Bioregion Risk Ratings 

 
 Fringe of Sierra Nevada foothills and southwest of subregion 
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 The scant areas of CAL FIRE jurisdiction are mostly of low risk due to domination of 
grasslands. The few areas of high risk have chaparral and hardwoods dominant. 

 
Central Coast Bioregion Risk Ratings 

 
 Interior hills and mountains east-southeast of Salinas River Valley 
 
 A mosaic of different risk levels resulted in the study for this subregion, with moderate 

risk watersheds in the majority. Fire hazard is fairly high for these hardwood woodland 
and chaparral dominated watersheds, but the concentration of infrastructure assets is 
relatively low. 

 
 Coast ranges west of Salinas River Valley, and areas west of Transverse Ranges 
 
 CAL FIRE jurisdiction lands in these watersheds are similar in hazard to others in the 

bioregion, but have a higher concentration of infrastructure values. Thus the ratings 
are generally of high risk for these watersheds. 

 
Mojave Bioregion Risk Ratings 

 
 Very little of this bioregion is of high risk, the exception being the south-central area 

on the I-15 corridor in the vicinity of Victorville, due to the combination of WUI and 
higher fuel loadings (higher elevation desert). 

 
South Coast Bioregion Risk Ratings 

 
 Wildland area of Ventura and western Los Angeles counties 
 
 A large proportion of the land available to the VTP in this subregion (and in the South 

Coast bioregion overall) has a high risk ranking. Exceptions are the moderate-ranked 
fringes of the San Fernando Valley and the rugged area between Thousand Oaks and 
the Oxnard Plain. 

 
 Wildland-dominated foothills and mountains 
 
 Much of the interior rugged chaparral dominated wildland of this subregion is ranked 

high risk. Low risk areas tended to be located in lower areas of flat terrain, often close 
to the coast. 

 
Colorado Desert Bioregion Risk Ratings 

 
 Greater Anza Borrego State Park and desert area to the east 
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 The lower and drier (more eastern) sections of the state park came out as low risk, as 
did the few wildland areas of the Imperial Valley and nearly all of the desert to the 
east.  

 Mountainous areas to the west of Anza Borrego State Park 

 Higher elevation areas often with chaparral cover ranked moderate to high in relative 
risk. 

Table A.2 
Summary of Relative Risk Ratings by major VTP area of jurisdiction (summary of Figure A.1, 
using subregions defined in Table A.1) 
Bioregion Overall Subarea Rating 
Klamath / 
North Coast 

1) Mostly High and Moderate, low-lying coastal areas ranked Low 
2) Oak woodland and chaparral ranked High to Moderate; flatter grassland areas 

ranked Low 
Modoc 3) High risk nearly ubiquitous 

4) Moderate and Low risk dominant 
Sacramento 
Valley 

5) High risk at northern extreme, low risk in less-settled grassland areas 
6) Low risk, except for gradient into Sierra Nevada foothills 

Sierra Nevada 7) Vast tracts of High risk throughout middle elevations; Moderate to Low risk only in 
some areas at lowest elevations 

8) Heterogeneous mix of High, Moderate and Low risk largely depending on vegetation 
type dominant 

Bay Area / 
Delta 

9) High (forest and chaparral) and Low (mostly grassland and oak savanna) risk areas 
about equally represented, with some Moderate 

10)  High risk in chaparral and more isolated wildlands, Low risk (of wildland fire) in 
more developed watersheds 

11) Bimodal Low risk (semi-developed/marine-influenced) and High risk (central Santa 
Cruz Mountains) watersheds about equal area. 

San Joaquin 
Valley 

12) Mostly Low risk in grass-dominated watersheds on the valley fringe 
13) A few scattered areas of High risk in areas of more rugged topography with (mostly) 

chaparral 
Central Coast 14) Evenly divided patchwork mosaic of Low, Moderate and High risk watersheds. 

Sparsely settled in most areas 
15) Much High risk area in Monterey and San Luis Obispo counties in watersheds with 

more chaparral and woodlands/forest. Low risk in some flat coastal areas, 
particularly western Santa Barbara county 

Mojave 16) Only High risk area along I-15 corridor around Victorville, everything else Low risk 
 

South Coast 17) Except for a few areas of Moderate risk, nearly uniformly High risk in this subregion 
18) High risk prevalent, with a few grass-dominated fringe areas Moderate or Low risk. 

Colorado 
Desert 

19) Low risk dominant in areas with sparse desert vegetation 
20) Moderate to High risk as elevation increases west into mountains 

 
Most of the data used in this study were created by CAL FIRE, but no data were created 

specifically for this study. Spatial normalization was done by generalizing results at the planning 
watershed scale using Calwater 2.2a units. Thematic normalization of ratings was done by 
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converting continuous variables into 3 level rankings based upon best judgment while looking 
at the results. 

While the results of this model exercise are to some degree subjective, we believe it is 
likely that a different exercise with a similar goal would have results similar to those we 
obtained. The advantage of the exercise is in its open logic, and consistency and repeatability 
examining data relevant to the VTP across large millions of acres of California. 

VTP Treatment Constraints Model Development and Implementation 

The Treatment Constraints model was developed to map areas where VTP treatment 
practices may be constrained due to human-related or environmental factors. The model 
structure and inputs underwent the same process of review as was done for the 
opportunities/potential model. Figure 14 shows a simplified version of inputs and how they 
were combined to assess constraints. 

Treatment constraints were modeled according to how the treatment could potentially 
affect Social/Economic Values and/or Natural/Cultural Resource Values. Social/Economic Value 
constraints, in turn, were derived from constraints caused by the presence and concentration 
of Infrastructure, any Air Quality Restrictions, and Management Restrictions. Infrastructure was 
defined in the same way as for the Relative Risk analysis above. Air Quality restrictions were 
generalized from data on particulates from the Air Monitoring Board. Management restrictions 
were present primarily in areas managed by state parks and reserves, and the coastal zone 
administered by the state Coastal Commission.  

Natural/Cultural Resource Value constraints came from evaluations of Natural Resource 
Constraints only (no data were available for the Cultural Resource Constraints input). The inputs 
differed from those used for Natural Resource Commodity Concerns in the analysis above. 
Input data for this portion of the model included the presence of sensitive species, the amount 
of stream management zone present in the watershed, whether the watershed was classed as 
Priority Category I, and the percentage of slopes of 35% or greater. 

Unlike the former modeling exercise where there is one result for the entire program, in 
modeling constraints we had to take each of the five main treatment practices (prescribed 
burning, mechanical, manual, herbicide and herbivory) in combination with the five 
alternatives, resulting in twenty-five maps from this analysis. Several of them have low 
constraints on virtually all areas in the state (e.g. manual removal). 

The five alternatives emphasize different objectives. The Proposed Program seeks to 
maximize the effects of the VTP in mitigating wildland fuel hazards, maintaining wildlife habitat 
and long-term watershed enhancement and maintenance. Alternate 1 is simply a continuation 
of the current VMP. Alternative 2 has the Proposed Program but eliminates the use of herbicide 
treatments. Alternative 3 focuses on minimizing potential negative impacts on water quality, 
and Alternative 4 puts air quality concerns above all others. 

Allowances were made for differences in each bioregion’s sensitivity to a given treatment. 
In order to characterize the sensitivity by bioregion to treatment practices among the five 
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alternatives, we developed a matrix of coefficients (values between 0 (treatment highly 
constrained) and 1 (treatment has no constraints)) to indicate the level at which we believed a 
given practice could impact that bioregion. Coefficients and were generalized into five 
categories of potential impacts on a given resource: very high (0.0); high (0.2); moderate (0.5); 
low (0.8); and very low (1.0), and were multiplied by the ranking in each watershed. 
Coefficients are used to multiply a given input value. One (1.0) keeps the value the same (i.e. 
“no constraints”), whereas zero (0.0) reduces it to nothing (“no go”). 

Table A.3 has the list of representative coefficients for the state as a whole. Two groups of 
bioregions emerged which had similar sensitivities by treatment practice. The first group was 
comprised of the less-constrained or less-sensitive rural and interior bioregions: Klamath North 
Coast; Modoc; Mojave and Colorado Desert. The second had the six other bioregions in the 
state: Sacramento Valley; Sierra Nevada; Bay Area / Delta; San Joaquin Valley; Central Coast; 
and South Coast, where sensitivity to management practices and restrictions tend to be higher 
(tables not shown).  

Some of the input data and their compilations into ratings for this model were also used in 
the Opportunity/Potential model described in the above section (e.g. Infrastructure Constraint 
Rating). However, their purpose here was to highlight where certain treatment types may be 
restricted due to risk to assets should the treatment get out of control. 
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Table A.3 
Summary of Constraint Coefficients, by Alternative, Treatment Practice and Constraining Factor or Value. Most constraining = 0; 
 Totally unconstraining = 1; Moderately constraining = 0.5, etc. Values varied slightly between bioregions (not shown). 

VTP Alternatives: Constraining Values        

  WUI 
Power Line 
ROW 

Water 
Impound. 

Rural 
Hiwy 

Air 
Quality 

Coastal 
Zone 

Reserves     
and Parks 

T & E 
Spp. 

Priority 
Watershed 

Slopes 
>=35% 

 Treatment Practices:          
Proposed Prescribed Burning 0.2 0.5 1 0.8 0.5 0.8 0.8 0.5 0.8 1 
Program Manual 1 1 1 1 1 1 1 1 1 0.8 
 Mechanical 1 1 1 0.8 1 0 0.5 0.5 0.8 0.5 
 Herbicides 0.8 1 1 0.8 1 0.2 0.2 0.5 1 0.8 
 Biological (Grazing) 1 1 1 1 1 0.8 0.8 1 0.8 1 
Alternative 1: Prescribed Burning 0.2 0.5 1 0.8 1 0.8 0.8 0.5 1 1 
Status Quo Manual 1 1 1 1 1 1 1 1 1 1 
 Mechanical 1 1 1 0.8 1 0 0 0 0.8 0.5 
 Herbicides 1 1 1 0.8 1 0.2 0.2 0.5 1 1 
 Biological (Grazing) 1 1 1 1 1 0.8 0.8 1 0.8 1 
Alternative 2: Prescribed Burning 0.2 0.5 1 0.8 1 0.8 0.8 0.5 0.8 1 
No Herbicides Manual 1 1 1 1 1 1 1 1 1 0.8 
 Mechanical 1 1 1 0.8 1 1 0.5 0.5 0.8 0.5 
 Herbicides 0 0 0 0 0 0 0 0 0 0 
 Biological (Grazing) 1 1 1 1 1 0.8 0.8 1 0.8 1 
Alternative 3: Prescribed Burning 0.2 0.5 0.8 0.8 1 0.8 0.8 0.5 0.5 0.8 
Water Quality Manual 1 1 0.8 1 1 1 1 1 1 0.8 
 Mechanical 1 1 0.8 0.8 1 1 0.5 0.5 0.2 0.2 
 Herbicides 0.8 1 0.8 0.8 1 1 0.2 0.5 1 0.8 
 Biological (Grazing) 1 1 0.8 1 1 0.8 0.8 1 0.8 1 
Alternative 4: Prescribed Burning 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Air Quality Manual 1 1 1 1 1 1 1 1 1 0.8 
 Mechanical 1 1 1 0.8 1 1 0.5 0.5 0.8 0.5 
 Herbicides 0.8 1 1 0.8 1 1 0.2 0.5 1 0.8 
 Biological (Grazing) 1 1 1 1 1 0.8 0.8 1 0.8 1 
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Figure A.14 Generalized graphic of the GIS Potential Constraints Model 

Summary of results 

Here we summarize resultant constraints by treatment practice. For two of the five 
practices, Manual and Biological (Grazing) treatments, our analysis showed that they would not 
be constrained in any watersheds under any alternative, due to their relatively low overall 
impacts on all values (Figures A.18a and A.18b). 

The other three practices are Prescribed burning, Mechanical and Herbicide treatments. 
These can potentially have a higher level of impact on the environment, and some can also 
pose risk to assets (e.g. prescribed burning near building structures). Through the coefficient 
matrix (Table A.3) the degree of constraint in each planning watershed was modeled according 
to three factors: 1) the presence (and concentration) of some value(s) or asset(s) in the 
watershed which could potentially be adversely impacted by the practice (e.g. mechanical 
treatment on steep slopes); 2) the alternative, since different resources are emphasized to 
varying degrees (e.g. Alternative 4 emphasizes clean air over other resources); and 3) bioregion, 
which in some cases can be more or less sensitive to the resource being affected (e.g. air quality 
is less of an issue in the Modoc than the San Joaquin Valley). 
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Throughout this analysis, the level of constraint (low, moderate, high) imposed on a 
practice (e.g. prescribed burning) was determined according to each asset potentially at risk 
(e.g. infrastructure) of inadvertent damage by the practice. For each planning watershed, the 
most constraining value or asset was taken as the level of constraint for that practice. For 
example, if infrastructure constrained prescribed burning more than any other asset in the 
model, then that value of constraint was taken as the most conservative estimate of constraint 
for prescribed burning in that watershed. 

 
Prescribed Burning Treatments 
 

Prescribed burning is a treatment with potential for high level impacts from smoke, and 
which can pose some risk to infrastructure values if it escapes control. The main factors in the 
model that drive the constraint rating to high are the presence of wildland-urban interface 
(WUI) and power lines, chronic air quality problems and the concentration of sensitive species 
(Figures A.15a through A.15e). Tables A.4 and A.5 summarize potential constraints on 
prescribed burning treatments by bioregion for the Proposed Program and Alternatives 1 
through 4. The pattern of high, moderate and low constraints varies over the planning 
watersheds according to the proportion of factors listed above. 

The results for Alternative 4, which emphasizes air quality above other assets, were 
significantly different for prescribed burning treatments. In the majority of planning watersheds 
with VTP jurisdiction across the state, prescribed burning treatments show as likely to be highly 
constrained, with very few areas of low constraints. 

 
Mechanical Treatments 
 

Mechanical treatments involve the use of heavy machinery such as tractors to remove or 
pile vegetation for subsequent burning. All alternatives except Alternative 3 (Water Quality) 
resulted in similar constraint values across the state, about equally divided between moderate 
and low constraints (Figure A.16a). Alternative 3 results show high constraints in many areas in 
the state, particularly where there is a significant proportion of the watershed in steep slopes 
(Figure A.16b). 
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Figures A.15a through A.15d Potential Constraints on Prescribed Burning treatments in the Proposed 
Program and Alternatives 1 through 3. 
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 Figures A.15e Potential Constraints on Prescribed Burning treatments by Alternative 4. 
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Table A.4   
Summary of Constraints on Prescribed Burning Treatments for the Proposed Program and 
Alternatives 1, 2, and 3 
Bioregion Overall Subarea Rating 
North Coast / 
Klamath 

1) Low and Moderate constraint levels dominate, the few High rankings mainly driven 
by WUI (Eureka Plain, Mendocino coast, Garberville/Willits, lower Clear Lake). Low 
constraint turned to Moderate across most of the subregion in alternative 3.  

2) Low to Moderate constraint levels with very localized High, mainly around the 
larger communities in the region (and surrounding WUI). 

Modoc 3) Nearly all Low and Moderate constraint levels, excepting very localized High levels 
near communities of Magalia/Paradise, Shingletown, Burney, parts of Lake Almanor 

4) Mainly Low constraints throughout, few areas of Moderate and localized High near 
Susanville and Bieber. 

Sacramento 
Valley 

5) About half eligible area in subregion rated Low and half Moderate constraint levels. 
6) Low and Moderate constraints throughout, only High constraint levels in and 

around communities in the lower foothills of the Sierra Nevada. 
Sierra Nevada 7) High level of constraint dominates northern Sierra foothills and middle elevations 

around communities. Southern portion mostly Moderate constraint levels in 
Proposed Program, about even mix of Low and Moderate with localized High 
around communities in the three alternatives. 

8) Repeat of pattern from northern Sierra Nevada subregion, High constraint area 
around Tehachapi. 

Bay Area / 
Delta 

9) Heterogeneous mix of constraint levels dominated by Moderate, but with Low in 
northwestern Sonoma County and western Yolo County and significant patches of 
High in areas with considerable WUI. 

10)  Moderate constraint level dominates, areas of significant WUI are High, and very 
rural isolated areas to the south are Low. 

11)  High constraint levels dominate (central Santa Cruz Mountains), with the remainder 
in Moderate constraint levels. 

San Joaquin 
Valley 

12) Moderate constraint levels ubiquitous – low risk to assets except air quality 
13) All Moderate constraint levels except areas of Low constraints in west / southwest. 

Central Coast 14) About half of the subregion is Low constraint, half Moderate constraint, with 
alternative 3 showing mostly Moderate. 

15)  Mostly Moderate constraint level, punctuated by High level of constraints around 
Monterey/Salinas and communities southwards. 

Mojave 16) Low constraint level dominates. Moderate constraint levels around communities to 
south of region (Lancaster/Palmdale, Victorville), and in eastern desert areas in the 
Proposed Program. 

South Coast 17) Moderate constraint levels everywhere except local areas around Malibu and 
Agoura where constraints are High. 

18) As with 17) above, with High areas in rural communities with surrounding WUI. 
Colorado 
Desert 

19) Low to Moderate constraints. 
20) Moderate constraints dominate towards west into mountains 
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Table A.5   
Summary of Constraints on Prescribed Burning Treatments for Alternative 4 
Prescribed Burning 
Constraint Levels 

Bioregions 

High constraint covers nearly 
100% of region 

North Coast; Bay Area / Delta; South Coast; western Colorado Desert;  

High constraint covers about 
80% of region 

Sierra Nevada; San Joaquin Valley; Central Coast; eastern Mojave 

High constraint covers about 
50% of region 

Klamath; Modoc; Sacramento Valley; western Mojave;  

Low constraint covers 
significant area of region 

Modoc; western Mojave; Eastern Colorado Desert;  

 
 
 

 
Figures A.16a and A.16b Potential Constraints on Mechanical treatments in the Proposed Program and 
in Alternatives 1 through 4. Alternative 3 which emphasizes water quality values, showed higher 
constraints on heavy machinery mainly from steep slopes. 
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Table A.6 
Summary of Constraints on Mechanical Treatments for Proposed Program and Alternatives 1, 
2 and 4 
Mechanical Treatment 
Constraint Levels 

Bioregions 

Moderate constraints covers nearly 
100% of region 

Bay Area / Delta; South Coast  

Moderate constraint covers about 
70% to 80% of region; remainder is 
Low constraint 

Western Colorado Desert; San Joaquin Valley 

Moderate constraint covers about 
50% of region; remainder is Low 
constraint 

North Coast; Klamath; Sacramento Valley; Mojave; Central Coast 

Low constraint dominates region Sierra Nevada; Modoc; eastern Colorado Desert;  

 
 

Table A.7   
Summary of Constraints on Mechanical Treatments for Alternative 3 
Mechanical Treatment 
Constraint Levels 

Bioregions 

High constraint covers nearly 
100% of region 

North Coast; Bay Area / Delta; South Coast; western Colorado Desert;  

High constraint covers about 
80% of region 

Central Coast; 

High constraint covers about 
50% of region 

Klamath; Modoc; Sacramento Valley; Sierra Nevada;  

Moderate and Low constraints 
cover most of region 

San Joaquin Valley; Mojave; eastern Colorado Desert;  

 
Herbicide Treatments 
 

Herbicides are heavily constrained in all planning watersheds in Alternative 2 (No 
Herbicides) as shown in Figure A.17b. The use of herbicides in the Proposed Program and other 
Alternatives (1, 3 and 4) is constrained to varying degrees as shown in Figure A.17a. Table A.8 
summarizes the overall patterns by subbioregion. 
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Figures A.17a and A.17b Potential Constraints on Herbicide treatments by the Proposed Program and 
Alternatives 1, 3, and 4, as well as Alternative 2. 
 
  

Table A.8 
Summary of Constraints on Herbicide Treatments for Proposed Program  
and Alternatives 1, 3 and 4 
Herbicide Treatment 
Constraint Levels 

Bioregions 

Moderate or High constraints cover 
nearly 100% of region 

Bay Area / Delta; South Coast; western Colorado Desert;  

Moderate constraint covers about 
70% to 80% of region; remainder is 
Low constraint 

Sacramento Valley 

Moderate constraint covers about 
50% of region; remainder is Low 
constraint 

San Joaquin Valley; Central Coast 

Low constraint dominates region Klamath; Modoc; Sierra Nevada; Mojave; eastern Colorado Desert;  

Manual and Biological (Grazing) treatments 

The constraints modeled for these two treatment practices came out low in virtually all 
planning watersheds in California for the Proposed Program and all Alternatives (Figures A.18a 
and A.18b). According to the model, both have low impacts on known values at risk in these 
watersheds. 
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Figures A.18a and A.18b Potential Constraints on Manual and Biological (Grazing) treatments. The maps 
portray the results from the Proposed Program and all alternatives – low constraints on these treatment 
practices across all watersheds in all bioregions of the state. 

Discussion 

This effort was undertaken to use current data and methods within a geographic 
information system to understand the levels of and geographic variations in potential 
constraints on the five major treatment practices used in the VTP. Sensitivity of a set of 
representative values in the landscape (e.g. infrastructure, air quality, water quality, sensitive 
species) to each treatment was determined by members of the VTP PEIR team. The level of 
potential constraints was then modeled for each planning watershed according to the amount 
of each value present and its vulnerability to adverse impacts from the given treatment. This 
was done for each alternative in the PEIR including the Proposed Program. The vulnerability of 
a given value varied in some cases according to the emphasis of each alternative – thus the 
differences in results between alternatives. 

The intent in this analysis is to provide decision makers in the PEIR with a map-based look 
at the differences (if any) in potential effects of each of the alternatives on the suite of VTP 
treatment practices. This could help in making an informed decision based upon an analysis of 
the data, and in the process reach a well-balanced decision in selecting the most beneficial 
alternative. 
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Appendix B 

List Of Special Status Taxa And CNPS Listed Species 

  

  

  

The following table is a list of all of the special status taxa and CNPS listed species that met the 

following criteria established by DFG:  

  

To be in the table a species had to be on any one of the following lists:  

  

1.  Fedlist 1-5  

2.  State list 1-3, 7 or 8  

3.  CNPS lists 1, 1A.1-3, 1B.1-3, or 2. 

 

The query of RAREFIND3 that produced the list below was made on 3/29/12. 

 

Key to Fedlist 

 

1 Federally listed as Endangered 

2 Federally listed as Threatened 

3 Proposed for Federal listing as Endangered 

4 Proposed for Federal listing as Threatened 

5 Candidate for Federal listing 

 

Key to Callist 

 

1 State listed as Endangered 

2 State listed as Threatened 

3 State Listed as Rare 

 

Key to CNPS List 

 

1A Plants presumed extinct in California 

1B Plants rare, threatened, or endangered in California and elsewhere 

2 Plants rare, threatened, or endangered in California, but more common elsewhere 



SNAME CNAME FEDLIST CALLIST CNPSLIST GENHAB

Ambystoma californiense California tiger salamander 2 2 CENTRAL VALLEY DPS FEDERALLY LISTED AS THREATENED. SANTA BARBARA & SONOMA COUNTIES DPS FEDERALLY LISTED AS ENDANGERED.

Ambystoma macrodactylum croceum Santa Cruz long-toed salamander 1 1 WET MEADOWS NEAR SEA LEVEL IN A FEW RESTRICTED LOCALES IN SANTA CRUZ AND MONTEREY COUNTIES.

Anaxyrus californicus arroyo toad 1 5 SEMI-ARID REGIONS NEAR WASHES OR INTERMITTENT STREAMS, INCLUDING VALLEY-FOOTHILL AND DESERT RIPARIAN, DESERT WASH, ETC.

Anaxyrus canorus Yosemite toad 5 5 VICINITY OF WET MEADOWS IN CENTRAL HIGH SIERRA, 6400 TO 11,300 FEET IN ELEVATION.

Anaxyrus exsul black toad 7 2 FOUND ONLY IN DEEP SPRINGS VALLEY, BETWEEN THE WHITE AND INYO MOUNTAINS, INYO COUNTY, 5000-5200 FEET IN ELEVATION.

Batrachoseps major aridus desert slender salamander 1 1 KNOWN ONLY FROM HIDDEN PALM CANYON & GUADALUPE CR, RIVERSIDE CO, IN BARREN, PALM OASIS, DESERT WASH, AND DESERT SCRUB.

Batrachoseps simatus Kern Canyon slender salamander 7 2 ONLY IN THE LOWER KERN RIVER CANYON IN VALLEY-FOOTHILL HARDWOOD, VALLEY-FOOTHILL HARDWOOD-CONIFER, & MIXED CHAPARRAL.

Batrachoseps stebbinsi Tehachapi slender salamander 7 2 VALLEY-FOOTHILL HARDWOOD-CONIFER & VALLEY-FOOTHILL RIPARIAN IN THE PIUTE & TEHACHAPI MOUNTAINS OF KERN COUNTY.

Hydromantes brunus limestone salamander 7 2 LIMESTONE OUTCROPS IN DIGGER PINE-CHAPARRAL BELT ALONG THE MERCED RIVER AND ITS TRIBUTARIES, FROM 800-2600 FEET IN ELEVA

Hydromantes shastae Shasta salamander 7 2 COOL, WET RAVINES AND VALLEYS; DOMINANT VEGETATION IS OAK WOODLAND OR CHAPARRAL, ALSO PINE AND FIR; 100 TO 2550 FT ELEVA

Plethodon asupak Scott Bar salamander 7 2 FOUND ONLY IN THE VICINITY OF THE SCOTT RIVER IN SISKIYOU COUNTY

Plethodon stormi Siskiyou Mountains salamander 7 2 MIXED CONIFER HABITAT OF DENSE, POLE-TO-MATURE SIZE, TREES. ACTIVE ABOVE GROUND ONLY DURING SPRING & FALL RAINS.

Rana draytonii California red-legged frog 2 5 LOWLANDS & FOOTHILLS IN OR NEAR PERMANENT SOURCES OF DEEP WATER WITH DENSE, SHRUBBY OR EMERGENT RIPARIAN VEGETATION.

Rana muscosa Sierra Madre yellow-legged frog 1 7 FEDERAL LISTING REFERS TO POPULATIONS IN THE SAN GABRIEL, SAN JACINTO & SAN BERNARDINO MOUNTAINS ONLY.

Rana pretiosa Oregon spotted frog 5 5 LOW SWAMPY AREAS IN MOUNTAINOUS WOODLANDS & WET MEADOWS, SPRINGS, SMALL COLD STREAMS & LAKES IN NORTHEASTERN CALIF.

Rana sierrae Sierra Nevada yellow-legged frog 5 7 ALWAYS ENCOUNTERED WITHIN A FEW FEET OF WATER. TADPOLES MAY REQUIRE 2 - 4 YRS TO COMPLETE THEIR AQUATIC DEVELOPMENT.

Amphispiza belli clementeae San Clemente sage sparrow 2 5 RESIDENT OF DRY BRUSHLANDS OF SAN CLEMENTE ISLAND.

Brachyramphus marmoratus marbled murrelet 2 1 FEEDS NEAR-SHORE; NESTS INLAND ALONG COAST FROM EUREKA TO OREGON BORDER & FROM HALF MOON BAY TO SANTA CRUZ.

Buteo swainsoni Swainson's hawk 7 2 BREEDS IN GRASSLANDS WITH SCATTERED TREES, JUNIPER-SAGE FLATS, RIPARIAN AREAS, SAVANNAHS, & AGRICULTURAL OR RANCH LANDS

Centrocercus urophasianus greater sage-grouse 5 5 FOUND IN THE NORTHEASTERN, GREAT BASIN PORTION OF STATE.

Charadrius alexandrinus nivosus western snowy plover 2 5 SANDY BEACHES, SALT POND LEVEES & SHORES OF LARGE ALKALI LAKES.

Charadrius montanus mountain plover 4 5 SHORT GRASSLANDS,  FRESHLY PLOWED FIELDS, NEWLY SPROUTING GRAIN FIELDS, & SOMETIMES SOD FARMS

Coccyzus americanus occidentalis western yellow-billed cuckoo 5 1 RIPARIAN FOREST NESTER, ALONG THE BROAD, LOWER FLOOD-BOTTOMS OF LARGER RIVER SYSTEMS.

Colaptes chrysoides gilded flicker 7 1 SONORAN DESERT HABITAT AND RIPARIAN WOODLANDS ALONG THE COLORADO RIVER.

Empidonax traillii willow flycatcher 7 1 INHABITS EXTENSIVE THICKETS OF LOW, DENSE WILLOWS ON EDGE OF WET MEADOWS, PONDS, OR BACKWATERS; 2000-8000 FT ELEVATION

Empidonax traillii brewsteri little willow flycatcher 7 1 MOUNTAIN MEADOWS AND RIPARIAN HABITATS IN THE SIERRA NEVADA AND CASCADES

Empidonax traillii extimus southwestern willow flycatcher 1 1 RIPARIAN WOODLANDS IN SOUTHERN CALIFORNIA.

Grus canadensis tabida greater sandhill crane 7 2 NESTS IN WETLAND HABITATS IN NORTHEASTERN CALIFORNIA; WINTERS IN THE CENTRAL VALLEY.

Gymnogyps californianus California condor 1 1 REQUIRE VAST EXPANSES OF OPEN SAVANNAH, GRASSLANDS, AND FOOTHILL CHAPARRAL IN MOUNTAIN RANGES OF MODERATE ALTITUDE.

Haliaeetus leucocephalus bald eagle 8 1 OCEAN SHORE, LAKE MARGINS, & RIVERS FOR BOTH NESTING & WINTERING. MOST NESTS WITHIN 1 MI OF WATER.

Lanius ludovicianus mearnsi San Clemente loggerhead shrike 1 5 RESIDENT OF SAN CLEMENTE ISLAND.

Laterallus jamaicensis coturniculus California black rail 7 2 INHABITS FRESHWATER MARTSHES, WET MEADOWS & SHALLOW MARGINS OF SALTWATER MARSHES BORDERING LARGER BAYS.

Melanerpes uropygialis Gila woodpecker 7 1 IN CALIFORNIA, INHABITS COTTONWOODS AND OTHER DESERT RIPARIAN TREES, SHADE TREES, AND DATE PALMS.

Melozone crissalis eremophilus Inyo California towhee 2 1 RESIDENT OF THE ARGUS MOUNTAINS OF INYO COUNTY.

Micrathene whitneyi elf owl 7 1 IN CALIFORNIA, NESTING AREA LIMITED TO COTTONWOOD-WILLOW & MESQUITE RIPARIAN ZONE ALONG THE COLORADO RIVER.

Passerculus sandwichensis beldingi Belding's savannah sparrow 7 1 INHABITS COASTAL SALT MARSHES, FROM SANTA BARBARA SOUTH THROUGH SAN DIEGO COUNTY.

Phoebastria albatrus short-tailed albatross 1 5

Polioptila californica californica coastal California gnatcatcher 2 5 OBLIGATE, PERMANENT RESIDENT OF COASTAL SAGE SCRUB BELOW 2500 FT IN SOUTHERN CALIFORNIA.

Rallus longirostris levipes light-footed clapper rail 1 1 FOUND IN SALT MARSHES TRAVERSED BY TIDAL SLOUGHS, WHERE CORDGRASS AND PICKLEWEED ARE THE DOMINANT VEGETATION.

Rallus longirostris obsoletus California clapper rail 1 1 SALT-WATER & BRACKISH MARSHES TRAVERSED BY TIDAL SLOUGHS IN THE VICINITY OF SAN FRANCISCO BAY.

Rallus longirostris yumanensis Yuma clapper rail 1 2 NESTS IN FRESH-WATER MARSHES ALONG THE COLORADO RIVER AND ALONG THE SOUTH AND EAST ENDS OF THE SALTON SEA.

Riparia riparia bank swallow 7 2 COLONIAL NESTER; NESTS PRIMARILY IN RIPARIAN AND OTHER LOWLAND HABITATS WEST OF THE DESERT.

Sternula antillarum browni California least tern 1 1 NESTS ALONG THE COAST FROM SAN FRANCISCO BAY SOUTH TO NORTHERN BAJA CALIFORNIA.

Strix nebulosa great gray owl 7 1 RESIDENT OF MIXED CONIFER OR RED FIR FOREST HABITAT, IN OR ON EDGE OF MEADOWS.

Strix occidentalis caurina northern spotted owl 2 5 OLD-GROWTH FORESTS OR MIXED STANDS OF OLD-GROWTH & MATURE TREES. OCCASIONALLY IN YOUNGER FORESTS W/PATCHES OF BIG TREES.

Synthliboramphus hypoleucus Xantus' murrelet 5 2 OPEN OCEAN EXCEPT DURING BREEDING SEASON. BREEDS ON OFFSHORE ISLANDS IN SOUTHERN CALIFORNIA.

Vireo bellii arizonae Arizona bell's vireo 7 1 SUMMER RESIDENT ALONG COLORADO RIVER. CHIEFLY INHABITS WILLOW THICKETS WITH UNDERGROWTH OF BACCHARIS GLUTINOSA

Vireo bellii pusillus least Bell's vireo 1 1 SUMMER RESIDENT OF SOUTHERN CALIFORNIA IN LOW RIPARIAN IN VICINITY OF WATER OR IN DRY RIVER BOTTOMS; BELOW 2000 FT.

Acipenser medirostris green sturgeon 2 5 THESE ARE THE MOST MARINE SPECIES OF STURGEON. ABUNDANCE INCREASES NORTHWARD OF POINT CONCEPTION. SPAWNS IN THE SACRAMEN

Catostomus microps Modoc sucker 1 1 FOUND IN TRIBUTARY STREAMS OF THE UPPER PIT RIVER.

Catostomus santaanae Santa Ana sucker 2 5 ENDEMIC TO LOS ANGELES BASIN SOUTH COASTAL STREAMS.

Chasmistes brevirostris shortnose sucker 1 1 NATIVE TO THE KLAMATH AND LOST RIVER SYSTEMS IN CALIFORNIA & OREGON.

Cottus asperrimus rough sculpin 7 2 RESTRICTED TO THE PIT RIVER ABOVE AND BELOW THE FALLS AT BURNEY, & THE HAT CREEK & FALL RIVER SUBDRAINAGES.

Cyprinodon macularius desert pupfish 1 1 DESERT PONDS, SPRINGS, MARSHES AND STREAMS IN SOUTHERN CALIFORNIA.

Cyprinodon radiosus Owens pupfish 1 1 SHALLOW WATER HABITATS IN THE OWENS VALLEY.

Cyprinodon salinus milleri Cottonball Marsh pupfish 7 2 TWO JOINED MARSHY AREAS IN THE NORTHWEST PORTION OF DEATH VALLEY NATIONAL PARK.

Deltistes luxatus Lost River sucker 1 1 NATIVE TO THE LOST RIVER SYSTEM IN CALIFORNIA & OREGON.

Eucyclogobius newberryi tidewater goby 1 5 BRACKISH WATER HABITATS ALONG THE CALIF COAST FROM AGUA HEDIONDA LAGOON, SAN DIEGO CO. TO THE MOUTH OF THE SMITH RIVER.

Gasterosteus aculeatus williamsoni unarmored threespine stickleback 1 1 WEEDY POOLS, BACKWATERS, AND AMONG EMERGENT VEGETATION AT THE STREAM EDGE IN SMALL SOUTHERN CALIFORNIA STREAMS.

Gila elegans bonytail 1 1 FOUND IN THE COLORADO RIVER BORDERING CALIFORNIA.

Hypomesus transpacificus Delta smelt 2 1 SACRAMENTO-SAN JOAQUIN DELTA. SEASONALLY IN SUISUN BAY, CARQUINEZ STRAIT & SAN PABLO BAY.

Oncorhynchus clarkii henshawi Lahontan cutthroat trout 2 5 HISTORICALLY IN ALL ACCESSIBLE COLD WATERS OF THE LAHONTON BASIN IN A WIDE VARIETY OF WATER TEMPS & CONDITIONS.

Oncorhynchus clarkii seleniris Paiute cutthroat trout 2 5 COOL, WELL-OXYGENATED WATERS

Amphibians

Birds

Fish
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Oncorhynchus kisutch coho salmon - central California coast ESU 1 1 FEDERAL LISTING = POPS BETWEEN PUNTA GORDA  & SAN LORENZO RIVER.  STATE LISTING = POPS SOUTH OF PUNTA GORDA.

Oncorhynchus mykiss whitei Little Kern golden trout 2 5 NATIVE TO THE LITTLE KERN RIVER IN TULARE COUNTY. FOUND IN CLEAR, COLD MOUNTAIN STREAMS & LAKES AT 5,000 TO 9,000 FT.

Ptychocheilus lucius Colorado pikeminnow 1 1 WAS NATIVE TO THE COLORADO RIVER BORDERING CALIFORNIA.

Salvelinus confluentus bull trout 2 1 IN CALIFORNIA, THEY WERE FOUND ONLY IN THE MCCLOUD RIVER IN SHASTA COUNTY.

Siphateles bicolor mohavensis Mohave tui chub 1 1 ENDEMIC TO THE MOJAVE RIVER BASIN, ADAPTED TO ALKALINE, MINERALIZED WATERS.

Siphateles bicolor snyderi Owens tui chub 1 1 ENDEMIC TO THE OWENS RIVER BASIN IN A VARIETY OF HABITATS.

Spirinchus thaleichthys longfin smelt 7 2 EURYHALINE, NEKTONIC & ANADROMOUS.  FOUND IN OPEN WATERS OF ESTUARIES, MOSTLY IN MIDDLE OR BOTTOM OF WATER COLUMN.

Thaleichthys pacificus eulachon 2 5 FOUND IN KLAMATH RIVER, MAD RIVER, REDWOOD CREEK & IN SMALL NUMBERS IN SMITH RIVER & HUMBOLDT BAY TRIBUTARIES.

Xyrauchen texanus razorback sucker 1 1 FOUND IN THE COLORADO RIVER BORDERING CALIFORNIA.

Ammospermophilus nelsoni Nelson's antelope squirrel 7 2 WESTERN SAN JOAQUIN VALLEY FROM 200-1200 FT ELEV. ON DRY, SPARSELY VEGETATED LOAM SOILS.

Aplodontia rufa nigra Point Arena mountain beaver 1 5 COASTAL AREAS OF POINT ARENA WITH SPRINGS OR SEEPAGES.

Arctocephalus townsendi Guadalupe fur-seal 2 2 BREEDS ON ISLA DE GUADALUPE OFF OF MEXICO, OCCASIONALLY FOUND ON SAN MIGUEL, SAN NICOLAS, & SAN CLEMENTE ISLANDS.

Dipodomys heermanni morroensis Morro Bay kangaroo rat 1 1 COASTAL SAGE SCRUB ON THE SOUTH SIDE OF MORRO BAY.

Dipodomys ingens giant kangaroo rat 1 1 ANNUAL GRASSLANDS ON THE WESTERN SIDE OF THE SAN JOAQUIN VALLEY, MARGINAL HABITAT IN ALKALI SCRUB.

Dipodomys merriami parvus San Bernardino kangaroo rat 1 5 ALLUVIAL SCRUB VEGETATION ON SANDY LOAM SUBSTRATES CHARACTERISTIC OF ALLUVIAL FANS AND FLOOD PLAINS.

Dipodomys nitratoides exilis Fresno kangaroo rat 1 1 ALKALI SINK-OPEN GRASSLAND HABITATS IN WESTERN FRESNO COUNTY.

Dipodomys nitratoides nitratoides Tipton kangaroo rat 1 1 SALTBRUSH SCRUB AND SINK SCRUB COMMUNITIES IN THE TULARE LAKE BASIN OF THE SOUTHERN SAN JOAQUIN VALLEY.

Dipodomys stephensi Stephens' kangaroo rat 1 2 PRIMARILY ANNUAL & PERENNIAL GRASSLANDS, BUT ALSO OCCURS IN COASTAL SCRUB & SAGEBRUSH WITH SPARSE CANOPY COVER.

Enhydra lutris nereis southern sea otter 2 5 NEARSHORE MARINE ENVIRONMENTS FROM ABOUT ANO NUEVO, SAN MATEO CO. TO POINT SAL, SANTA BARBARA CO.

Eumetopias jubatus Steller (=northern) sea-lion 2 5 BREEDS ON ANO NUEVO, SAN MIGUEL & FARALLON ISLANDS,  PT. ST. GEORGE, & SUGARLOAF. HAULS-OUT ON ISLANDS & ROCKS.

Gulo gulo California wolverine 5 2 FOUND IN THE NORTH COAST MOUNTAINS AND THE SIERRA NEVADA.  FOUND IN A WIDE VARIETY OF HIGH ELEVATION HABITATS.

Leptonycteris yerbabuenae lesser long-nosed bat 1 5

Martes pennanti (pacifica) DPS Pacific fisher 5 5 INTERMEDIATE TO LARGE-TREE STAGES OF CONIFEROUS FORESTS & DECIDUOUS-RIPARIAN AREAS WITH HIGH PERCENT CANOPY CLOSURE.

Microtus californicus scirpensis Amargosa vole 1 1 KNOWN ONLY FROM BULRUSH MARSHES ALONG THE AMARGOSA RIVER.

Neotoma fuscipes riparia riparian (=San Joaquin Valley) woodrat 1 5 RIPARIAN AREAS ALONG THE SAN JOAQUIN, STANISLAUS & TUOLUMNE RIVERS.

Ovis canadensis nelsoni DPS peninsular bighorn sheep 1 2 OPEN DESERT SLOPES BELOW 4,000 FT ELEVATION FROM SAN GORGONIO PASS SOUTH INTO MEXICO.

Ovis canadensis sierrae Sierra Nevada bighorn sheep 1 1 HISTORICALLY FOUND ALONG THE EAST SIDE AND CREST OF THE SIERRA NEVADA, AND ON THE GREAT WESTERN DIVIDE.

Perognathus longimembris pacificus Pacific pocket mouse 1 5 INHABITS THE NARROW COASTAL PLAINS FROM THE MEXICAN BORDER NORTH TO EL SEGUNDO, LOS ANGELES CO.

Reithrodontomys raviventris salt-marsh harvest mouse 1 1 ONLY IN THE SALINE EMERGENT WETLANDS OF SAN FRANCISCO BAY AND ITS TRIBUTARIES.

Sorex ornatus relictus Buena Vista Lake shrew 1 5 MARSHLANDS AND RIPARIAN AREAS IN THE TULARE BASIN.

Sylvilagus bachmani riparius riparian brush rabbit 1 1 RIPARIAN AREAS ON THE SAN JOAQUIN RIVER IN NORTHERN STANISLAUS COUNTY.

Urocyon littoralis island fox 7 2 MIXED CHAPARRAL, COASTAL SCRUB & SHRUBBY WOODLAND.

Urocyon littoralis catalinae Santa Catalina Island fox 1 2 FOUND ONLY ON SANTA CATALINA ISLAND.

Urocyon littoralis clementae San Clemente Island fox 7 2 FOUND ONLY ON SAN CLEMENTE ISLAND.

Urocyon littoralis dickeyi San Nicolas Island fox 7 2 FOUND ONLY ON SAN NICOLAS ISLAND.

Urocyon littoralis littoralis San Miguel Island fox 1 2 FOUND ONLY ON SAN MIGUEL ISLAND.

Urocyon littoralis santacruzae Santa Cruz Island fox 1 2 FOUND ONLY ON SANTA CRUZ ISLAND.

Urocyon littoralis santarosae Santa Rosa Island fox 1 2 FOUND ONLY ON SANTA ROSA ISLAND.

Vulpes macrotis mutica San Joaquin kit fox 1 2 ANNUAL GRASSLANDS OR GRASSY OPEN STAGES WITH SCATTERED SHRUBBY VEGETATION.

Vulpes vulpes necator Sierra Nevada red fox 7 2 FOUND FROM THE CASCADES DOWN TO THE SIERRA NEVADA.  FOUND IN A VARIETY OF HABITATS FROM WET MEADOWS TO FORESTED AREAS.

Xerospermophilus mohavensis Mohave ground squirrel 7 2 OPEN DESERT SCRUB, ALKALI SCRUB & JOSHUA TREE WOODLAND. ALSO FEEDS IN ANNUAL GRASSLANDS. RESTRICTED TO MOJAVE DESERT.

Charina umbratica southern rubber boa 7 2 RESTRICTED TO THE SAN BERNARDINO AND SAN JACINTO MTNS; FOUND IN A VARIETY OF MONTANE FOREST HABITATS.

Chelonia mydas green turtle 2 5 MARINE.

Coleonyx switaki barefoot gecko 7 2 FOUND ONLY IN AREAS OF MASSIVE ROCK & ROCK OUTCROPS AT THE HEADS OF CANYONS.

Gambelia sila blunt-nosed leopard lizard 1 1 RESIDENT OF SPARSELY VEGETATED ALKALI AND DESERT SCRUB HABITATS, IN AREAS OF LOW TOPOGRAPHIC RELIEF.

Gopherus agassizii desert tortoise 2 2 MOST COMMON IN DESERT SCRUB, DESERT WASH, AND JOSHUA TREE HABITATS; OCCURS IN ALMOST EVERY DESERT HABITAT.

Masticophis lateralis euryxanthus Alameda whipsnake 2 2 TYPICALLY FOUND IN CHAPARRAL AND SCRUB HABITATS BUT WILL ALSO USE ADJACENT GRASSLAND, OAK SAVANNA AND WOODLAND HABITATS.

Thamnophis gigas giant garter snake 2 2 PREFERS FRESHWATER MARSH AND LOW GRADIENT STREAMS. HAS ADAPTED TO DRAINAGE CANALS & IRRIGATION DITCHES.

Thamnophis sirtalis tetrataenia San Francisco garter snake 1 1 VICINITY OF FRESHWATER MARSHES, PONDS AND SLOW MOVING STREAMS IN SAN MATEO COUNTY & EXTREME NORTHERN SANTA CRUZ COUNTY.

Uma inornata Coachella Valley fringe-toed lizard 2 1 LIMITED TO SANDY AREAS IN THE COACHELLA VALLEY, RIVERSIDE COUNTY.

Xantusia riversiana island night lizard 2 5 FOUND IN A WIDE VARIETY OF HABITATS ON THREE OF THE CHANNEL ISLANDS: SANTA BARBARA, SAN CLEMENTE, AND SAN NICOLAS.

Branchinecta conservatio Conservancy fairy shrimp 1 5 ENDEMIC TO THE GRASSLANDS OF THE NORTHERN TWO-THIRDS OF THE CENTRAL VALLEY; FOUND IN LARGE, TURBID POOLS.

Branchinecta longiantenna longhorn fairy shrimp 1 5 ENDEMIC TO THE EASTERN MARGIN OF THE CENTRAL COAST MTNS IN SEASONALLY ASTATIC GRASSLAND VERNAL POOLS.

Branchinecta lynchi vernal pool fairy shrimp 2 5 ENDEMIC TO THE GRASSLANDS OF THE CENTRAL VALLEY, CENTRAL COAST MTNS, AND SOUTH COAST MTNS, IN ASTATIC RAIN-FILLED POOLS.

Branchinecta sandiegonensis San Diego fairy shrimp 1 5 ENDEMIC TO SAN DIEGO AND ORANGE COUNTY MESAS.

Lepidurus packardi vernal pool tadpole shrimp 1 5 INHABITS VERNAL POOLS AND SWALES IN THE SACRAMENTO VALLEY CONTAINING CLEAR TO HIGHLY TURBID WATER.

Pacifastacus fortis Shasta crayfish 1 1 FOUND ONLY IN THE FALL AND HAT CREEK SUB-DRAINAGES OF THE PIT RIVER SYSTEM.

Streptocephalus woottoni Riverside fairy shrimp 1 5 ENDEMIC TO W RIV, ORA & SDG COUNTIES IN AREAS OF TECTONIC SWALES/EARTH SLUMP BASINS IN GRASSLAND & COASTAL SAGE SCRUB.

Syncaris pacifica California freshwater shrimp 1 1 ENDEMIC TO MARIN, NAPA, & SONOMA COS. FOUND IN LOW ELEV, LOW GRADIENT STREAMS WHERE RIPARIAN COVER IS MODERATE TO HEAVY.

Ambrysus funebris Nevares Spring naucorid bug 5 5 RESTRICTED TO THE TRAVERTINE-NEVARES SPRINGS COMPLEX IN DEATH VALLEY NATIONAL PARK, INYO COUNTY.

Apodemia mormo langei Lange's metalmark butterfly 1 5 INHABITS STABILIZED DUNES ALONG THE SAN JOAQUIN RIVER. ENDEMIC TO ANTIOCH DUNES, CONTRA COSTA COUNTY.

Callophrys mossii bayensis San Bruno elfin butterfly 1 5 COASTAL, MOUNTAINOUS AREAS WITH GRASSY GROUND COVER, MAINLY IN THE VICINITY OF SAN BRUNO MOUNTAIN, SAN MATEO COUNTY.

Mammals

Reptiles

Crustaceans

Insects
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Cicindela ohlone Ohlone tiger beetle 1 5 REMNANT NATIVE GRASSLANDS WITH CALIFORNIA OATGRASS & PURPLE NEEDLEGRASS IN SANTA CRUZ COUNTY.

Desmocerus californicus dimorphus valley elderberry longhorn beetle 2 5 OCCURS ONLY IN THE CENTRAL VALLEY OF CALIFORNIA, IN ASSOCIATION WITH BLUE ELDERBERRY (SAMBUCUS MEXICANA).

Dinacoma caseyi Casey's June beetle 3 5 FOUND ONLY IN TWO POPULATIONS IN A SMALL AREA OF SOUTHERN PALM SPRINGS.

Elaphrus viridis Delta green ground beetle 2 5 RESTRICTED TO THE MARGINS OF VERNAL POOLS IN THE GRASSLAND AREA BETWEEN JEPSON PRAIRIE AND TRAVIS AFB.

Euphilotes battoides allyni El Segundo blue butterfly 1 5 RESTRICTED TO REMNANT COASTAL DUNE HABITAT IN SOUTHERN CALIFORNIA.

Euphilotes enoptes smithi Smith's blue butterfly 1 5 MOST COMMONLY ASSOCIATED WITH COASTAL DUNES & COASTAL SAGE SCRUB PLANT COMMUNITIES IN MONTEREY & SANTA CRUZ COUNTIES.

Euphydryas editha bayensis Bay checkerspot butterfly 2 5 RESTRICTED TO NATIVE GRASSLANDS ON OUTCROPS OF SERPENTINE SOIL IN THE VICINITY OF SAN FRANCISCO BAY.

Euphydryas editha quino quino checkerspot butterfly 1 5 SUNNY OPENINGS WITHIN CHAPARRAL & COASTAL SAGE SHRUBLANDS IN PARTS OF RIVERSIDE & SAN DIEGO COUNTIES.

Euproserpinus euterpe Kern primrose sphinx moth 2 5 FOUND IN THE WALKER BASIN, KERN CO., AND SEVERAL OTHER SCATTERED LOCATIONS (CARRIZO PLAIN, PINNACLES NM).

Glaucopsyche lygdamus palosverdesensis Palos Verdes blue butterfly 1 5 RESTRICTED TO THE COOL, FOG-SHROUDED, SEAWARD SIDE OF PALOS VERDES HILLS, LOS ANGELES COUNTY.

Plebejus icarioides missionensis Mission blue butterfly 1 5 INHABITS GRASSLANDS OF THE SAN FRANCISCO PENINSULA.

Plebejus idas lotis lotis blue butterfly 1 5 INHABITS WET MEADOWS OR POORLY-DRAINED SPHAGNUM-WILLOW BOGS, WHERE SOILS ARE WATERLOGGED & ACIDIC; NORTH COASTAL CALIF.

Polites mardon mardon skipper 5 5 KNOWN FROM WESTERN WASHINGTON STATE AND EXTREME NORTHWESTERN DEL NORTE CO.

Polyphylla barbata Mount Hermon (=barbate) June beetle 1 5 KNOWN ONLY FROM SAND HILLS IN VICINITY OF MT. HERMON, SANTA CRUZ COUNTY.

Pseudocopaeodes eunus obscurus Carson wandering skipper 1 5 FOUND IN GRASSLANDS ON ALKALINE SUBSTRATES IN EASTERN CALIFORNIA (AROUND HONEY LAKE) & WESTERN NEVADA (WASHOE CO.)  BELO

Pyrgus ruralis lagunae Laguna Mountains skipper 1 5 ONLY IN A FEW OPEN MEADOWS IN YELLOW PINE FOREST BETWEEN 5,000 & 6,000 FT. IN THE VICINITY OF MT LAGUNA & PALOMAR MTN.

Rhaphiomidas terminatus abdominalis Delhi Sands flower-loving fly 1 5 FOUND ONLY IN AREAS OF THE DELHI SANDS FORMATION IN SOUTHWESTERN SAN BERNARDINO & NORTHWESTERN RIVERSIDE COUNTIES.

Speyeria callippe callippe callippe silverspot butterfly 1 5 RESTRICTED TO THE NORTHERN COASTAL SCRUB OF THE SAN FRANCISCO PENINSULA.

Speyeria zerene behrensii Behren's silverspot butterfly 1 5 RESTRICTED TO THE PACIFIC SIDE OF THE COAST RANGES, FROM POINT ARENA TO CAPE MENDOCINO, MENDOCINO CO.

Speyeria zerene hippolyta Hippolyta frittilary 2 5 COASTAL MEADOWS IN DEL NORTE COUNTY.

Speyeria zerene myrtleae Myrtle's silverspot 1 5 RESTRICTED TO THE FOGGY, COASTAL DUNES/HILLS OF THE POINT REYES PENINSULA; EXTIRPATED FROM COASTAL SAN MATEO COUNTY.

Trimerotropis infantilis Zayante band-winged grasshopper 1 5 ISOLATED SANDSTONE DEPOSITS IN THE SANTA CRUZ MOUNTAINS (THE ZAYANTE SAND HILLS ECOSYSTEM)

Haliotis cracherodii black abalone 1 5 MID TO LOW ROCKY INTERTIDAL AREAS.

Haliotis sorenseni white abalone 1 5 ROCKY PINNACLES AND DEEP REEFS IN SOUTHERN CALIFORNIA; ESPECIALLY THOSE OFF THE CHANNEL ISLANDS.

Helminthoglypta walkeriana Morro shoulderband (=banded dune) snail 1 5 RESTRICTED TO THE COASTAL STRAND IN THE IMMEDIATE VICINITY OF MORRO BAY.

Monadenia infumata setosa Trinity bristle snail 7 2 KNOWN ONLY FROM ALONG A FEW STREAMS IN THE TRINITY RIVER DRAINAGE.

Anomobryum julaceum slender silver moss 7 5 2.2 BROADLEAFED UPLAND FOREST, LOWER MONTANE CONIFEROUS FOREST, NORTH COAST CONIFEROUS FOREST.

Bruchia bolanderi Bolander's bruchia 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, UPPER MONTANE CONIFEROUS FOREST.

Buxbaumia viridis buxbaumia moss 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST.

Campylopodiella stenocarpa flagella-like atractylocarpus 7 5 2.2 CISMONTANE WOODLAND.

Dacryophyllum falcifolium tear drop moss 7 5 1B.3 COAST REDWOOD FOREST, NORTH COAST CONIFEROUS FOREST.

Didymodon norrisii Norris' beard moss 7 5 2.2 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Discelium nudum naked flag moss 7 5 2.2 COASTAL BLUFF SCRUB.

Entosthodon kochii Koch's cord moss 7 5 1B.3 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLANDS.

Fissidens aphelotaxifolius brook pocket moss 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Fissidens pauperculus minute pocket moss 7 5 1B.2 NORTH COAST CONIFEROUS FOREST.

Geothallus tuberosus Campbell's liverwort 7 5 1B.1 COASTAL SCRUB, CHAPARRAL, GRASSLAND, VERNAL POOLS. MOST SUITABLE HABITAT LOST TO URBANIZATION.

Helodium blandowii Blandow's bog moss 7 5 2.3 MEADOWS AND SEEPS, BOGS AND FENS, SUBALPINE CONIFEROUS FOREST.

Meesia uliginosa broad-nerved hump moss 7 5 2.2 MEADOWS AND SEEPS, BOGS AND FENS, UPPER MONTANE CONIFEROUS FOREST.

Mielichhoferia elongata elongate copper moss 7 5 2.2 CISMONTANE WOODLAND.  COMMONLY CALLED "COPPER MOSSES".

Mielichhoferia mielichhoferiana Mielichhofer's copper moss 7 5 2.3 SUBALPINE CONIFEROUS FOREST.

Mielichhoferia tehamensis Lassen Peak copper moss 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD.

Myurella julacea small mousetail moss 7 5 2.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Orthotrichum kellmanii Kellman's bristle moss 7 5 1B.2 CHAPARRAL, CISMONTANE OAK WOODLAND.

Orthotrichum shevockii Shevock's bristle moss 7 5 1B.3 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND, JEFFREY PINE FOREST.

Orthotrichum spjutii Spjut's bristle moss 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Pohlia tundrae tundra thread moss 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Pterygoneurum californicum California chalk moss 7 5 1B.1 CHENOPOD SCRUB, ALKALI PLAYAS, VALLEY AND FOOTHILL GRASSLAND.

Riella americana American riella 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, PINYON JUNIPER WOODLAND.

Schizymenium shevockii Shevock's copper moss 7 5 1B.2 CISMONTANE WOODLAND.

Scopelophila cataractae tongue-leaf copper moss 7 5 2.2 CISMONTANE WOODLAND.

Sphaerocarpos drewei bottle liverwort 7 5 1B.1 CHAPARRAL, COASTAL SCRUB. MUCH OF SUITABLE HABITAT LOST TO URBANIZATION.

Tortella alpicola alpine crisp moss 7 5 2.3 CISMONTANE WOODLAND.

Tortula californica California screw moss 7 5 1B.2 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Trichodon cylindricus cylindrical trichodon 7 5 2.2 BROADLEAFED UPLAND FOREST, UPPER MONTANE CONIFEROUS FOREST.

Triquetrella californica coastal triquetrella 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL SCRUB VALLEY AND FOOTHILL GRASSLANDS.

Abronia alpina Ramshaw Meadows abronia 5 5 1B.1 MEADOWS AND SEEPS.

Abronia umbellata var. breviflora pink sand-verbena 7 5 1B.1 COASTAL DUNES AND COASTAL STRAND.

Abronia villosa var. aurita chaparral sand-verbena 7 5 1B.1 CHAPARRAL, COASTAL SCRUB

Abutilon parvulum dwarf abutilon 7 5 2.3 CHENOPOD SCRUB.

Acanthomintha duttonii San Mateo thorn-mint 1 1 1B.1 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, COASTAL SCRUB.

Acanthomintha ilicifolia San Diego thorn-mint 2 1 1B.1 CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Acanthoscyphus parishii var. abramsii Abrams' oxytheca 7 5 1B.2 CHAPARRAL.

Mollusks

Non vascular bryophytes

Dicots
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Acanthoscyphus parishii var. cienegensis Cienega Seca oxytheca 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST.

Acanthoscyphus parishii var. goodmaniana Cushenbury oxytheca 1 5 1B.1 PINYON AND JUNIPER WOODLAND.

Acleisanthes longiflora angel trumpets 7 5 2.3 SONORAN DESERT SCRUB.  .

Acmispon argophyllus var. adsurgens San Clemente Island bird's-foot trefoil 7 1 1B.1 COASTAL SCRUB, COASTAL BLUFF SCRUB.

Acmispon argophyllus var. niveus Santa Cruz Island bird's-foot trefoil 7 1 4.2 CHAPARRAL, COASTAL SCRUB.

Acmispon argyraeus var. multicaulis scrub lotus 7 5 1B.3 PINYON-JUNIPER WOODLAND.

Acmispon argyraeus var. notitius Providence Mountains lotus 7 5 1B.3 PINYON-JUNIPER WOODLAND.

Acmispon dendroideus var. traskiae San Clemente Island lotus 1 1 1B.1 COASTAL SCRUB, COASTAL BLUFF SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Acmispon haydonii pygmy lotus 7 5 1B.3 SONORAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Acmispon rubriflorus red-flowered bird's-foot-trefoil 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Adolphia californica California adolphia 7 5 2.1 CHAPARRAL, COASTAL SAGE SCRUB,  VALLEY AND FOOTHILL GRASSLAND.

Ageratina herbacea desert ageratina 7 5 2.3 PINYON-JUNIPER WOODLAND.

Ageratina shastensis Shasta ageratina 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Aliciella ripleyi Ripley's aliciella 7 5 2.3 MOJAVEAN DESERT SCRUB.

Aliciella triodon coyote gilia 7 5 2.2 GREAT BASIN SCRUB, PINYON AND JUNIPER WOODLAND.

Ambrosia monogyra singlewhorl burrobrush 7 5 2.2 CHAPARRAL, SONORAN DESERT SCRUB.

Ambrosia pumila San Diego ambrosia 1 5 1B.1 CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Ammoselinum giganteum desert sand-parsley 7 5 2.3 SONORAN DESERT SCRUB.

Amorpha californica var. napensis Napa false indigo 7 5 1B.2 BROADLEAFED UPLAND FOREST, CHAPARRAL, CISMONTANE WOODLAND.

Amsinckia grandiflora large-flowered fiddleneck 1 1 1B.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Amsinckia lunaris bent-flowered fiddleneck 7 5 1B.2 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Ancistrocarphus keilii Santa Ynez groundstar 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND.

Androsace filiformis slender-stemmed androsace 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Androsace occidentalis var. simplex simple androsace 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST.

Anisocarpus scabridus scabrid alpine tarplant 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST.

Antennaria lanata woolly pussy-toes 7 5 2.2 MEADOWS AND SEEPS.

Antennaria marginata white-margined everlasting 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Antirrhinum cyathiferum Deep Canyon snapdragon 7 5 2.3 SONORAN DESERT SCRUB.

Aphanisma blitoides aphanisma 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL DUNES, COASTAL SCRUB.

Arabis aculeolata Waldo rock-cress 7 5 2.2 BROADLEAFED UPLAND FOREST, LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Arabis hoffmannii Hoffmann's rock-cress 1 5 1B.1 COASTAL BLUFF SCRUB.

Arabis koehleri var. stipitata Koehler's stipitate rock-cress 7 5 1B.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Arabis mcdonaldiana Mcdonald's rock-cress 1 1 1B.1 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Arabis pulchra var. munciensis Darwin rock-cress 7 5 2.3 CHENOPOD SCRUB, MOJAVEAN DESERT SCRUB.

Arabis rigidissima var. demota Galena Creek rock-cress 7 5 1B.2 BROADLEAVED UPLAND FOREST, UPPER MONTANE CONIFEROUS FOREST.

Arctomecon merriamii white bear poppy 7 5 2.2 CHENOPOD SCRUB, MOJAVEAN DESERT SCRUB.

Arctostaphylos andersonii Anderson's manzanita 7 5 1B.2 BROADLEAVED UPLAND FOREST, CHAPARRAL, NORTH COAST CONIFEROUS FOREST.

Arctostaphylos auriculata Mt. Diablo manzanita 7 5 1B.3 CHAPARRAL.

Arctostaphylos bakeri ssp. bakeri Baker's manzanita 7 3 1B.1 BROADLEAFED UPLAND FOREST, CHAPARRAL. ENTIRE SPECIES STATE-LISTED RARE.

Arctostaphylos bakeri ssp. sublaevis The Cedars manzanita 7 3 1B.2 CHAPARRAL, CLOSED-CONE CONIFEROUS FOREST.  ENTIRE SPECIES LISTED STATE RARE.

Arctostaphylos canescens ssp. sonomensis Sonoma canescent manzanita 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Arctostaphylos catalinae Santa Catalina Island manzanita 7 5 1B.2 CHAPARRAL.

Arctostaphylos confertiflora Santa Rosa Island manzanita 1 5 1B.2 BROADLEAFED UPLAND FOREST, CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Arctostaphylos crustacea ssp. eastwoodiana Eastwood's brittle-leaf manzanita 7 5 1B.1 CHAPARRAL.

Arctostaphylos cruzensis Arroyo de la Cruz manzanita 7 5 1B.2 BROADLEAFED UPLAND FOREST, COASTAL BLUFF SCRUB, CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL SCRUB, & GRASSLAND.

Arctostaphylos densiflora Vine Hill manzanita 7 1 1B.1 CHAPARRAL.

Arctostaphylos edmundsii Little Sur manzanita 7 5 1B.2 COASTAL BLUFF SCRUB, CHAPARRAL.  INCLUDES A. EDMUNDSII VAR. PARVIFOLIA, STATE-LISTED RARE.

Arctostaphylos franciscana Franciscan manzanita 7 5 1B.1 CHAPARRAL.

Arctostaphylos gabilanensis Gabilan Mountains manzanita 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Arctostaphylos glandulosa ssp. crassifolia Del Mar manzanita 1 5 1B.1 CHAPARRAL, CLOSED-CONE CONIFEROUS FOREST.

Arctostaphylos glandulosa ssp. gabrielensis San Gabriel manzanita 7 5 1B.2 CHAPARRAL.

Arctostaphylos glutinosa Schreiber's manzanita 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Arctostaphylos hookeri ssp. hearstiorum Hearst's manzanita 7 1 1B.2 CHAPARRAL, COASTAL PRAIRIE, COASTAL SCRUB, VALLEY FOOTHILL GRASSLAND.

Arctostaphylos hookeri ssp. hookeri Hooker's manzanita 7 5 1B.2 CHAPARRAL, COASTAL SCRUB, CLOSED-CONE CONIFEROUS FOREST, CISMONTANE WOODLAND.

Arctostaphylos imbricata San Bruno Mountain manzanita 7 1 1B.1 CHAPARRAL, COASTAL SCRUB.

Arctostaphylos klamathensis Klamath manzanita 7 5 1B.2 CHAPARRAL (MONTANE), UPPER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST.

Arctostaphylos luciana Santa Lucia manzanita 7 5 1B.2 CHAPARRAL.

Arctostaphylos manzanita ssp. elegans Konocti manzanita 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Arctostaphylos manzanita ssp. laevigata Contra Costa manzanita 7 5 1B.2 CHAPARRAL.

Arctostaphylos montana ssp. montana Mt. Tamalpais manzanita 7 5 1B.3 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Arctostaphylos montana ssp. ravenii Presidio manzanita 1 1 1B.1 CHAPARRAL, COASTAL PRAIRIE, COASTAL SCRUB.

Arctostaphylos montaraensis Montara manzanita 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Arctostaphylos montereyensis Toro manzanita 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB.

Arctostaphylos morroensis Morro manzanita 2 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND, COASTAL DUNES (PRE-FLANDRIAN), COASTAL SCRUB.

Arctostaphylos myrtifolia Ione manzanita 2 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Ambrosia chenopodiifolia
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Arctostaphylos nissenana Nissenan manzanita 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Arctostaphylos nummularia ssp. mendocinoensis pygmy manzanita 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST.

Arctostaphylos ohloneana Ohlone manzanita 7 5 1B.1 COASTAL SCRUB, CLOSED CONE CONIFEROUS FORESTS.

Arctostaphylos osoensis Oso manzanita 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Arctostaphylos otayensis Otay manzanita 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Arctostaphylos pacifica Pacific manzanita 7 1 1B.2 COASTAL SCRUB.

Arctostaphylos pajaroensis Pajaro manzanita 7 5 1B.1 CHAPARRAL.

Arctostaphylos pallida pallid manzanita 2 1 1B.1 BROADLEAFED UPLAND FOREST, CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB.

Arctostaphylos pechoensis Pecho manzanita 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL SCRUB.

Arctostaphylos pilosula Santa Margarita manzanita 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Arctostaphylos pumila sandmat manzanita 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND, COASTAL DUNES, COASTAL SCRUB.

Arctostaphylos purissima La Purisima manzanita 7 5 1B.1 CHAPARRAL.

Arctostaphylos rainbowensis Rainbow manzanita 7 5 1B.1 CHAPARRAL.  PREVIOUSLY CALLED A. PENINSULARIS OR CONSIDERED A HYBRID BETWEEN A. GLANDULOSA & A. GLAUCA.

Arctostaphylos refugioensis Refugio manzanita 7 5 1B.2 CHAPARRAL.

Arctostaphylos regismontana Kings Mountain manzanita 7 5 1B.2 BROADLEAVED UPLAND FOREST, CHAPARRAL, NORTH COAST CONIFEROUS FOREST.

Arctostaphylos rudis sand mesa manzanita 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Arctostaphylos silvicola Bonny Doon manzanita 7 5 1B.2 CHAPARRAL, CLOSED-CONE CONIFEROUS FOREST, LOWER MONTANE CONIFEROUS FOREST.

Arctostaphylos stanfordiana ssp. decumbens Rincon Ridge manzanita 7 5 1B.1 CHAPARRAL.

Arctostaphylos stanfordiana ssp. raichei Raiche's manzanita 7 5 1B.1 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Arctostaphylos tomentosa ssp. daciticola dacite manzanita 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND.

Arctostaphylos virgata Marin manzanita 7 5 1B.2 BROADLEAFED UPLAND FOREST, CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, NORTH COAST CONIFEROUS FOREST.

Arenaria lanuginosa var. saxosa rock sandwort 7 5 2.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Arenaria paludicola marsh sandwort 1 1 1B.1 MARSHES AND SWAMPS.

Aristocapsa insignis Indian Valley spineflower 7 5 1B.2 CISMONTANE WOODLAND.

Arnica fulgens hillside arnica 7 5 2.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Asarum marmoratum marbled wild-ginger 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST.

Asclepias nyctaginifolia Mojave milkweed 7 5 2.1 MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Astragalus agnicidus Humboldt milk-vetch 7 1 1B.1 BROADLEAFED UPLAND FOREST, REDWOOD FOREST.

Astragalus agrestis field milk-vetch 7 5 2.2 GREAT BASIN SCRUB, MEADOWS AND SEEPS.

Astragalus albens Cushenbury milk-vetch 1 5 1B.1 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND.

Astragalus allochrous var. playanus playa milk-vetch 7 5 2.2 MOJAVEAN DESERT SCRUB.

Astragalus anxius Ash Valley milk-vetch 7 5 1B.3 GREAT BASIN SCRUB, PINYON AND JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Astragalus argophyllus var. argophyllus silver-leaved milk-vetch 7 5 2.2 MEADOWS AND SEEPS, PLAYAS.

Astragalus atratus var. mensanus Darwin Mesa milk-vetch 7 5 1B.1 GREAT BASIN SCRUB, JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND.

Astragalus bernardinus San Bernardino milk-vetch 7 5 1B.2 JOSHUA TREE WOODLAND, PINYON AND JUNIPER WOODLAND.

Astragalus brauntonii Braunton's milk-vetch 1 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Astragalus cimae var. cimae Cima milk-vetch 7 5 1B.2 GREAT BASIN SCRUB, JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND.

Astragalus cimae var. sufflatus inflated Cima milk-vetch 7 5 1B.3 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Astragalus claranus Clara Hunt's milk-vetch 1 2 1B.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND, CHAPARRAL.

Astragalus deanei Dean's milk-vetch 7 5 1B.1 CHAPARRAL, COASTAL SCRUB, RIPARIAN FOREST.

Astragalus didymocarpus var. milesianus Miles' milk-vetch 7 5 1B.2 COASTAL SCRUB.

Astragalus douglasii var. perstrictus Jacumba milk-vetch 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Astragalus ertterae Walker Pass milk-vetch 7 5 1B.3 PINYON-JUNIPER WOODLAND.

Astragalus funereus black milk-vetch 7 5 1B.2 MOJAVEAN DESERT SCRUB.

Astragalus geyeri var. geyeri Geyer's milk-vetch 7 5 2.2 CHENOPOD SCRUB, GREAT BASIN SCRUB.

Astragalus gilmanii Gilman's milk-vetch 7 5 1B.2 PINYON-JUNIPER WOODLAND, GREAT BASIN SCRUB.

Astragalus hornii var. hornii Horn's milk-vetch 7 5 1B.1 MEADOWS AND SEEPS, PLAYAS.

Astragalus insularis var. harwoodii Harwood's milk-vetch 7 5 2.2 DESERT DUNES.

Astragalus jaegerianus Lane Mountain milk-vetch 1 5 1B.1 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Astragalus johannis-howellii Long Valley milk-vetch 7 3 1B.2 GREAT BASIN SCRUB.

Astragalus kentrophyta var. elatus spiny-leaved milk-vetch 7 5 2.2 SUBALPINE CONIFEROUS FOREST.

Astragalus kentrophyta var. ungulatus spiny milk-vetch 7 5 2.2 PINYON AND JUNIPER WOODLAND.

Astragalus lemmonii Lemmon's milk-vetch 7 5 1B.2 GREAT BASIN SCRUB, MEADOWS AND SEEPS, MARSHES AND SWAMPS.

Astragalus lentiformis lens-pod milk-vetch 7 5 1B.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST.

Astragalus lentiginosus var. antonius San Antonio milk-vetch 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Astragalus lentiginosus var. coachellae Coachella Valley milk-vetch 1 5 1B.2 SONORAN DESERT SCRUB.

Astragalus lentiginosus var. kernensis Kern Plateau milk-vetch 7 5 1B.2 MEADOWS, SUBALPINE CONIFEROUS FOREST.

Astragalus lentiginosus var. micans shining milk-vetch 7 5 1B.2 DESERT DUNES.

Astragalus lentiginosus var. piscinensis Fish Slough milk-vetch 2 5 1B.1 MEADOWS, PLAYAS.

Astragalus lentiginosus var. sesquimetralis Sodaville milk-vetch 7 1 1B.1 MEADOWS.

Astragalus lentiginosus var. sierrae Big Bear Valley milk-vetch 7 5 1B.2 MOJAVEAN DESERT SCRUB, MEADOWS, PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Astragalus leucolobus Big Bear Valley woollypod 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, PEBBLE PLAIN, PINYON AND JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Astragalus magdalenae var. peirsonii Peirson's milk-vetch 2 1 1B.2 DESERT DUNES.

Astragalus mohavensis var. hemigyrus curved-pod milk-vetch 7 5 1B.1 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Astragalus monoensis Mono milk-vetch 7 3 1B.2 GREAT BASIN SCRUB, UPPER MONTANE CONIFEROUS FOREST.

Astragalus nevinii San Clemente Island milk-vetch 7 5 1B.2 COASTAL DUNES, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.
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Astragalus nyensis Nye milk-vetch 7 5 1B.1 MOJAVEAN DESERT SCRUB.

Astragalus oocarpus San Diego milk-vetch 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, MEADOWS.

Astragalus oophorus var. lavinii Lavin's milk-vetch 7 5 1B.2 GREAT BASIN SCRUB.

Astragalus pachypus var. jaegeri Jaeger's milk-vetch 7 5 1B.1 COASTAL SCRUB, CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Astragalus platytropis broad-keeled milk-vetch 7 5 2.2 ALPINE BOULDER AND ROCK FIELDS, PINYON-JUNIPER WOODLAND, SUBALPINE CONIFEROUS FOREST.

Astragalus preussii var. laxiflorus Lancaster milk-vetch 7 5 1B.1 CHENOPOD SCRUB.

Astragalus preussii var. preussii Preuss' milk-vetch 7 5 2.3 CHENOPOD SCRUB, MOJAVEAN DESERT SCRUB.

Astragalus pseudiodanthus Tonopah milk-vetch 7 5 1B.2 GREAT BASIN SCRUB.

Astragalus pulsiferae var. pulsiferae Pulsifer's milk-vetch 7 5 1B.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Astragalus pulsiferae var. suksdorfii Suksdorf's milk-vetch 7 5 1B.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, PINYON AND JUNIPER WOODLAND.

Astragalus pycnostachyus var. lanosissimus Ventura Marsh milk-vetch 1 1 1B.1 COASTAL SALT MARSH.

Astragalus pycnostachyus var. pycnostachyus coastal marsh milk-vetch 7 5 1B.2 COASTAL DUNES, COASTAL SALT MARSHES.

Astragalus rattanii var. jepsonianus Jepson's milk-vetch 7 5 1B.2 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND, CHAPARRAL.

Astragalus ravenii Raven's milk-vetch 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD, UPPER MONTANE CONIFEROUS FOREST.

Astragalus sabulonum gravel milk-vetch 7 5 2.2 DESERT DUNES, MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB.

Astragalus serenoi var. shockleyi Shockley's milk-vetch 7 5 2.2 CHENOPOD SCRUB, PINYON AND JUNIPER WOODLAND, GREAT BASIN SCRUB.

Astragalus shevockii Shevock's milk-vetch 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST.

Astragalus tener var. ferrisiae Ferris' milk-vetch 7 5 1B.1 MEADOWS, VALLEY AND FOOTHILL GRASSLAND.

Astragalus tener var. tener alkali milk-vetch 7 5 1B.2 ALKALI PLAYA, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Astragalus tener var. titi coastal dunes milk-vetch 1 1 1B.1 COASTAL BLUFF SCRUB, COASTAL DUNES.

Astragalus tidestromii Tidestrom's milk-vetch 7 5 2.2 MOJAVEAN DESERT SCRUB.

Astragalus traskiae Trask's milk-vetch 7 3 1B.2 COASTAL BLUFF SCRUB, COASTAL DUNES, COASTAL SCRUB.

Astragalus tricarinatus triple-ribbed milk-vetch 1 5 1B.2 JOSHUA TREE WOODLAND, SONORAN DESERT SCRUB.

Astragalus umbraticus Bald Mountain milk-vetch 7 5 2.3 CISMONTANE WOODLAND.

Astragalus webberi Webber's milk-vetch 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Atriplex argentea var. hillmanii Hillman's silverscale 7 5 2.2 GREAT BASIN SCRUB, MEADOWS AND SEEPS.

Atriplex argentea var. longitrichoma Pahrump orache 7 5 1B.1 MOJAVE DESERT SCRUB.

Atriplex cordulata heartscale 7 5 1B.2 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND, MEADOWS.

Atriplex coronata var. notatior San Jacinto Valley crownscale 1 5 1B.1 PLAYAS, CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Atriplex coronata var. vallicola Lost Hills crownscale 7 5 1B.2 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Atriplex coulteri Coulter's saltbush 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL DUNES, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Atriplex depressa brittlescale 7 5 1B.2 CHENOPOD SCRUB, MEADOWS, PLAYAS, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Atriplex erecticaulis Earlimart orache 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Atriplex gardneri var. falcata falcate saltbush 7 5 2.2 CHENOPOD SCRUB, GREAT BASIN SCRUB.

Atriplex joaquiniana San Joaquin spearscale 7 5 1B.2 CHENOPOD SCRUB, ALKALI MEADOW, VALLEY AND FOOTHILL GRASSLAND.

Atriplex minuscula lesser saltscale 7 5 1B.1 CHENOPOD SCRUB, PLAYAS, VALLEY AND FOOTHILL GRASSLAND.

Atriplex pacifica South Coast saltscale 7 5 1B.2 COASTAL SCRUB, COASTAL BLUFF SCRUB, PLAYAS, CHENOPOD SCRUB.

Atriplex parishii Parish's brittlescale 7 5 1B.1 ALKALI MEADOWS, VERNAL POOLS, CHENOPOD SCRUB, PLAYAS.

Atriplex persistens vernal pool smallscale 7 5 1B.2 VERNAL POOLS.

Atriplex pusilla smooth saltbush 7 5 2 GREAT BASIN SCRUB, MEADOWS AND SEEPS.

Atriplex serenana var. davidsonii Davidson's saltscale 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Atriplex subtilis subtle orache 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Atriplex tularensis Bakersfield smallscale 7 1 1A CHENOPOD SCRUB, ALKALI MEADOW.

Ayenia compacta California ayenia 7 5 2.3 MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB.

Baccharis malibuensis Malibu baccharis 7 5 1B.1 COASTAL SCRUB, CHAPARRAL, CISMONTANE WOODLAND.

Baccharis plummerae ssp. glabrata San Simeon baccharis 7 5 1B.2 COASTAL SCRUB.

Baccharis vanessae Encinitas baccharis 2 1 1B.1 CHAPARRAL.

Balsamorhiza lanata woolly balsamroot 7 5 1B.2 CISMONTANE WOODLAND.

Balsamorhiza macrolepis var. macrolepis big-scale balsamroot 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Balsamorhiza sericea silky balsamroot 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Balsamorhiza serrata serrated balsamroot 7 5 2.3 GREAT BASIN SCRUB.

Bensoniella oregona bensoniella 7 3 1B.1 BOGS AND FENS, LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Berberis harrisoniana Kofa barberry 7 5 1B.2 SONORAN DESERT SCRUB.

Berberis nevinii Nevin's barberry 1 1 1B.1 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB, RIPARIAN SCRUB.

Berberis pinnata ssp. insularis island barberry 1 1 1B.2 CLOSED-CONE CONIFEROUS FOREST, CISMONTANE WOODLAND, COASTAL SCRUB.

Bergerocactus emoryi golden-spined cereus 7 5 2.2 COASTAL SCRUB, SOMETIMES CHAPARRAL MARGINS.

Betula glandulosa dwarf resin birch 7 5 2.2 BOGS AND FENS, LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, MARSHES AND SWAMPS, SUBALPINE CONIFEROUS FOREST.

Blennosperma bakeri Sonoma sunshine 1 1 1B.1 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Blennosperma nanum var. robustum Point Reyes blennosperma 7 3 1B.2 COASTAL PRAIRIE, COASTAL SCRUB.

Blepharizonia plumosa big tarplant 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Boechera bodiensis Bodie Hills rock-cress 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD, GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND, SUBALPINE CONIFEROUS FOREST.

Boechera cobrensis Masonic rock-cress 7 5 2.3 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Boechera constancei Constance's rock-cress 7 5 1B.1 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Boechera dispar pinyon rock-cress 7 5 2.3 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND, MOJAVEAN DESERT SCRUB.

Boechera hirshbergiae Hirshberg's rock-cress 7 5 1B.2 PEBBLE (OR PAVEMENT) PLAINS.

Boechera johnstonii Johnston's rock-cress 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.
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Boechera parishii Parish's rock-cress 7 5 1B.2 PEBBLE PLAIN, PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Boechera peirsonii San Bernardino rock-cress 7 5 1B.2 SUBALPINE CONIFEROUS FOREST.

Boechera pendulina rabbit-ear rockcress 7 5 2.3 GREAT BASIN SCRUB.

Boechera pinzliae Pinzl's rock-cress 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Boechera rollei Rolle's rockcress 7 5 1B.1 UPPER MONTANE CONIFEROUS FOREST.

Boechera rubicundula Mount Day rockcress 7 5 1B.1 CHAPARRAL.

Boechera serpenticola serpentine rockcress 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Boechera shevockii Shevock's rockcress 7 5 1B.1 UPPER MONTANE CONIFEROUS FOREST.

Boechera shockleyi Shockley's rock-cress 7 5 2.2 PINYON AND JUNIPER WOODLAND.

Boechera tiehmii Tiehm's rock-cress 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD.

Boechera tularensis Tulare rockcress 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Boechera ultraalsa Snow Mountain rockcress 7 5 1B.1 UPPER MONTANE CONIFEROUS FOREST.

Boechera yorkii Last Chance rockcress 7 5 1B.3 PINYON AND JUNIPER WOODLAND, GREAT BASIN SCRUB.

Brasenia schreberi watershield 7 5 2.3 FRESHWATER MARSHES AND SWAMPS.

Bursera microphylla little-leaf elephant tree 7 5 2.3 SONORAN DESERT SCRUB.

California macrophylla round-leaved filaree 7 5 1B.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Calliandra eriophylla pink fairy-duster 7 5 2.3 SONORAN DESERT SCRUB.

Calycadenia hooveri Hoover's calycadenia 7 5 1B.3 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Calycadenia micrantha small-flowered calycadenia 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, MEADOWS AND SEEPS, LOWER MONTANE CONIFEROUS FOREST.

Calycadenia villosa dwarf calycadenia 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND, MEADOWS AND SEEPS.

Calyptridium arizonicum Arizona pussypaws 7 5 2.1 SONORAN DESERT SCRUB.

Calyptridium parryi var. hesseae Santa Cruz Mountains pussypaws 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND.

Calyptridium pulchellum Mariposa pussypaws 2 5 1B.1 CISMONTANE WOODLAND.

Calyptridium pygmaeum pygmy pussypaws 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST.

Calystegia collina ssp. tridactylosa coast range bindweed 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Calystegia purpurata ssp. saxicola coastal bluff morning-glory 7 5 1B.2 COASTAL DUNES, COASTAL SCRUB.

Calystegia sepium ssp. binghamiae Santa Barbara morning-glory 7 5 1B.1 COASTAL MARSHES.

Calystegia stebbinsii Stebbins' morning-glory 1 1 1B.1 CHAPARRAL, CISMONTANE WOODLAND.

Camissonia arenaria sand evening-primrose 7 5 2.2 SONORAN DESERT SCRUB.

Camissonia benitensis San Benito evening-primrose 2 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND.

Camissonia boothii ssp. boothii Booth's evening-primrose 7 5 2.3 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND.

Camissonia boothii ssp. intermedia Booth's hairy evening-primrose 7 5 2.3 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Camissonia claviformis ssp. cruciformis cruciform evening-primrose 7 5 2.3 CHENOPOD SCRUB, GREAT BASIN SCRUB.

Camissonia guadalupensis ssp. clementina San Clemente Island evening-primrose 7 5 1B.2 COASTAL DUNES.

Camissonia hardhamiae Hardham's evening-primrose 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Camissonia integrifolia Kern River evening-primrose 7 5 1B.3 CHAPARRAL.

Camissonia minor Nelson's evening-primrose 7 5 2.3 CHENOPOD SCRUB, GREAT BASIN SCRUB.

Camissonia sierrae ssp. alticola Mono Hot Springs evening-primrose 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST.

Campanula californica swamp harebell 7 5 1B.2 BOGS AND FENS, CLOSED-CONE CONIFEROUS FOREST, COASTAL PRAIRIE, MEADOWS, FRESHWATER MARSH, N COAST CONIFEROUS FOREST.

Campanula exigua chaparral harebell 7 5 1B.2 CHAPARRAL.

Campanula sharsmithiae Sharsmith's harebell 7 5 1B.2 CHAPARRAL.

Campanula shetleri Castle Crags harebell 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Campanula wilkinsiana Wilkin's harebell 7 5 1B.2 SUBALPINE MEADOWS, UPPER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST.

Cardamine nuttallii var. gemmata yellow-tubered toothwort 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, NORTH COAST CONIFEROUS FOREST.

Carlowrightia arizonica Arizona carlowrightia 7 5 2.2 SONORAN DESERT SCRUB.

Carlquistia muirii Muir's tarplant 7 5 1B.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Carnegiea gigantea saguaro 7 5 2.2 SONORAN DESERT SCRUB.

Carpenteria californica tree-anemone 7 2 1B.2 CISMONTANE WOODLAND, CHAPARRAL.

Cascadia nuttallii Nuttall's saxifrage 7 5 2.1 NORTH COAST CONIFEROUS FOREST.

Castela emoryi Emory's crucifixion-thorn 7 5 2.3 MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB, PLAYAS.

Castilleja affinis ssp. litoralis Oregon coast paintbrush 7 5 2.2 COASTAL BLUFF SCRUB, COASTAL DUNES, COASTAL SCRUB.

Castilleja affinis ssp. neglecta Tiburon paintbrush 1 2 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Castilleja ambigua ssp. humboldtiensis Humboldt Bay owl's-clover 7 5 1B.2 COASTAL SALT MARSH.

Castilleja ambigua ssp. insalutata pink johnny-nip 7 5 1B.1 COASTAL BLUFF SCRUB, COASTAL PRAIRIE.

Castilleja campestris ssp. succulenta succulent owl's-clover 2 1 1B.2 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Castilleja cinerea ash-gray paintbrush 2 5 1B.2 PEBBLE PLAINS, UPPER MONTANE CONIFEROUS FOREST, MOJAVEAN DESERT SCRUB, MEADOWS, PINYON-JUNIPER WOODLAND.

Castilleja densiflora ssp. obispoensis San Luis Obispo owl's-clover 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Castilleja gleasoni Mt. Gleason paintbrush 7 3 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Castilleja grisea San Clemente Island paintbrush 1 1 1B.2 COASTAL SCRUB, COASTAL BLUFF SCRUB.

Castilleja hololeuca island white-felted paintbrush 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Castilleja lasiorhyncha San Bernardino Mountains owl's-clover 7 5 1B.2 MEADOWS, PEBBLE PLAIN, UPPER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Castilleja mendocinensis Mendocino Coast paintbrush 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL SCRUB, COASTAL PRAIRIE, CLOSED-CONE CONIFEROUS FOREST, COASTAL DUNES.

Castilleja miniata ssp. elata Siskiyou paintbrush 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, BOGS AND FENS.

Castilleja mollis soft-leaved paintbrush 1 5 1B.1 COASTAL DUNES, COASTAL BLUFF SCRUB.

Castilleja rubicundula ssp. rubicundula pink creamsacs 7 5 1B.2 CHAPARRAL, MEADOWS AND SEEPS, VALLEY AND FOOTHILL GRASSLAND.

Castilleja uliginosa Pitkin Marsh paintbrush 7 1 1A FRESHWATER MARSH.
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Caulanthus amplexicaulis var. barbarae Santa Barbara jewel-flower 7 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, CISMONTANE WOODLAND, CHAPARRAL.

Caulanthus californicus California jewel-flower 1 1 1B.1 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND, PINYON-JUNIPER WOODLAND.

Caulanthus lemmonii Lemmon's jewel-flower 7 5 1B.2 PINYON-JUNIPER WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Caulostramina jaegeri Jaeger's caulostramina 7 5 1B.2 PINYON-JUNIPER WOODLAND, SUBALPINE CONIFEROUS FOREST.

Ceanothus confusus Rincon Ridge ceanothus 7 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND.

Ceanothus cyaneus Lakeside ceanothus 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Ceanothus divergens Calistoga ceanothus 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Ceanothus ferrisiae Coyote ceanothus 1 5 1B.1 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, COASTAL SCRUB.

Ceanothus foliosus var. vineatus Vine Hill ceanothus 7 5 1B.1 CHAPARRAL.

Ceanothus gloriosus var. porrectus Mt. Vision ceanothus 7 5 1B.3 CLOSED-CONE CONIFEROUS FOREST, COASTAL PRAIRIE, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Ceanothus hearstiorum Hearst's ceanothus 7 3 1B.2 MARITIME CHAPARRAL, COASTAL PRAIRIE, COASTAL SCRUB.

Ceanothus maritimus maritime ceanothus 7 3 1B.2 MARITIME CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, COASTAL SCRUB.

Ceanothus masonii Mason's ceanothus 7 3 1B.2 CHAPARRAL.

Ceanothus ophiochilus Vail Lake ceanothus 2 1 1B.1 CHAPARRAL.

Ceanothus otayensis Otay Mountain ceanothus 7 5 1B.2 CHAPARRAL.

Ceanothus purpureus holly-leaved ceanothus 7 5 1B.2 CHAPARRAL.

Ceanothus roderickii Pine Hill ceanothus 1 3 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Ceanothus sonomensis Sonoma ceanothus 7 5 1B.2 CHAPARRAL.

Ceanothus verrucosus wart-stemmed ceanothus 7 5 2.2 CHAPARRAL.

Centromadia parryi ssp. australis southern tarplant 7 5 1B.1 MARSHES AND SWAMPS (MARGINS), VALLEY AND FOOTHILL GRASSLAND.

Centromadia parryi ssp. congdonii Congdon's tarplant 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Centromadia parryi ssp. parryi pappose tarplant 7 5 1B.2 COASTAL PRAIRIE, MEADOWS AND SEEPS, COASTAL SALT MARSH, VALLEY AND FOOTHILL GRASSLAND.

Centromadia pungens ssp. laevis smooth tarplant 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND, CHENOPOD SCRUB, MEADOWS, PLAYAS, RIPARIAN WOODLAND.

Cercocarpus traskiae Catalina Island mountain-mahogany 1 1 1B.1 CHAPARRAL, COASTAL SCRUB.

Chaenactis carphoclinia var. peirsonii Peirson's pincushion 7 5 1B.3 SONORAN DESERT SCRUB.

Chaenactis douglasii var. alpina alpine dusty maidens 7 5 2.3 ALPINE BOULDER AND ROCK FIELDS.

Chaenactis glabriuscula var. orcuttiana Orcutt's pincushion 7 5 1B.1 COASTAL BLUFF SCRUB, COASTAL DUNES.

Chaenactis parishii Parish's chaenactis 7 5 1B.3 CHAPARRAL.

Chaenactis suffrutescens Shasta chaenactis 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Chaetadelpha wheeleri Wheeler's dune-broom 7 5 2.2 DESERT DUNES, GREAT BASIN SCRUB, MOJAVEAN DESERT SCRUB.

Chamaesyce abramsiana Abrams' spurge 7 5 2.2 MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB.

Chamaesyce arizonica Arizona spurge 7 5 2.3 SONORAN DESERT SCRUB.

Chamaesyce hooveri Hoover's spurge 2 5 1B.2 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Chamaesyce ocellata ssp. rattanii Stony Creek spurge 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Chamaesyce parryi Parry's spurge 7 5 2.3 DESERT DUNES, MOJAVEAN DESERT SCRUB.

Chamaesyce platysperma flat-seeded spurge 7 5 1B.2 SONORAN DESERT SCRUB, DESERT DUNES.

Chenopodium littoreum coastal goosefoot 7 5 1B.2 COASTAL DUNES.

Chloropyron maritimum ssp. maritimum salt marsh bird's-beak 1 1 1B.2 COASTAL SALT MARSH, COASTAL DUNES.

Chloropyron maritimum ssp. palustre Point Reyes bird's-beak 7 5 1B.2 COASTAL SALT MARSH.

Chloropyron molle ssp. hispidum hispid bird's-beak 7 5 1B.1 MEADOWS, PLAYAS, VALLEY AND FOOTHILL GRASSLAND.

Chloropyron molle ssp. molle soft bird's-beak 1 3 1B.2 COASTAL SALT MARSH.

Chloropyron palmatum palmate-bracted bird's-beak 1 1 1B.1 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Chloropyron tecopense Tecopa bird's-beak 7 5 1B.2 MEADOWS (ALKALINE), CHENOPOD SCRUB, MOJAVEAN DESERT SCRUB.

Chorizanthe biloba var. immemora Hernandez spineflower 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Chorizanthe blakleyi Blakley's spineflower 7 5 1B.3 CHAPARRAL.

Chorizanthe breweri Brewer's spineflower 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB, CLOSED-CONE CONIFEROUS FOREST.

Chorizanthe cuspidata var. cuspidata San Francisco Bay spineflower 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL DUNES, COASTAL PRAIRIE, COASTAL SCRUB.

Chorizanthe cuspidata var. villosa woolly-headed spineflower 7 5 1B.2 COASTAL SCRUB, COASTAL DUNES, COASTAL PRAIRIE.

Chorizanthe howellii Howell's spineflower 1 2 1B.2 COASTAL DUNES, COASTAL PRAIRIE, COASTAL SCRUB.

Chorizanthe orcuttiana Orcutt's spineflower 1 1 1B.1 COASTAL SCRUB, CHAPARRAL, CLOSED-CONE CONIFEROUS FOREST.

Chorizanthe parryi var. fernandina San Fernando Valley spineflower 5 1 1B.1 COASTAL SCRUB.

Chorizanthe parryi var. parryi Parry's spineflower 7 5 1B.1 COASTAL SCRUB, CHAPARRAL.

Chorizanthe polygonoides var. longispina long-spined spineflower 7 5 1B.2 CHAPARRAL, COASTAL SCRUB, MEADOWS, VALLEY AND FOOTHILL GRASSLAND.

Chorizanthe pungens var. hartwegiana Ben Lomond spineflower 1 5 1B.1 LOWER MONTANE CONIFEROUS FOREST.

Chorizanthe pungens var. pungens Monterey spineflower 2 5 1B.2 COASTAL DUNES, CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB.

Chorizanthe rectispina straight-awned spineflower 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB.

Chorizanthe robusta var. hartwegii Scotts Valley spineflower 1 5 1B.1 MEADOWS, VALLEY AND FOOTHILL GRASSLAND.

Chorizanthe robusta var. robusta robust spineflower 1 5 1B.1 CISMONTANE WOODLAND, COASTAL DUNES, COASTAL SCRUB.

Chorizanthe valida Sonoma spineflower 1 1 1B.1 COASTAL PRAIRIE.

Chorizanthe xanti var. leucotheca white-bracted spineflower 7 5 1B.2 MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND, COASTAL SCRUB (ALLUVIAL FANS).

Chrysothamnus greenei Greene's rabbitbrush 7 5 2.3 CHENOPOD SCRUB.

Cicuta maculata var. bolanderi Bolander's water-hemlock 7 5 2.1 MARSHES, FRESH OR BRACKISH WATER.

Cirsium andrewsii Franciscan thistle 7 5 1B.2 COASTAL BLUFF SCRUB, BROADLEAVED UPLAND FOREST, COASTAL SCRUB.

Cirsium arizonicum var. tenuisectum desert mountain thistle 7 5 1B.2 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND.

Cirsium ciliolatum Ashland thistle 7 1 2.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Cirsium crassicaule slough thistle 7 5 1B.1 CHENOPOD SCRUB, MARSHES AND SWAMPS, RIPARIAN SCRUB.
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Cirsium fontinale var. campylon Mt. Hamilton fountain thistle 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Cirsium fontinale var. fontinale fountain thistle 1 1 1B.1 VALLEY AND FOOTHILL GRASSLAND, CHAPARRAL.

Cirsium fontinale var. obispoense Chorro Creek bog thistle 1 1 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Cirsium hydrophilum var. hydrophilum Suisun thistle 1 5 1B.1 SALT MARSH.

Cirsium hydrophilum var. vaseyi Mt. Tamalpais thistle 7 5 1B.2 BROADLEAFED UPLAND FOREST, CHAPARRAL.

Cirsium occidentale var. compactum compact cobwebby thistle 7 5 1B.2 CHAPARRAL, COASTAL DUNES, COASTAL PRAIRIE, COASTAL SCRUB.

Cirsium occidentale var. lucianum Cuesta Ridge thistle 7 5 1B.2 CHAPARRAL.

Cirsium praeteriens lost thistle 7 5 1A LITTLE INFORMATION EXISTS ON THIS PLANT; IT WAS COLLECTED FROM THE PALO ALTO AREA AT THE TURN OF THE 20TH CENTURY.

Cirsium rhothophilum surf thistle 7 2 1B.2 COASTAL DUNES, COASTAL BLUFF SCRUB.

Cirsium scariosum var. loncholepis La Graciosa thistle 1 2 1B.1 COASTAL DUNES, BRACKISH MARSHES, RIPARIAN SCRUB.

Clarkia amoena ssp. whitneyi Whitney's farewell-to-spring 7 5 1B.1 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Clarkia australis Small's southern clarkia 7 5 1B.2 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Clarkia biloba ssp. australis Mariposa clarkia 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Clarkia biloba ssp. brandegeeae Brandegee's clarkia 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Clarkia borealis ssp. arida Shasta clarkia 7 5 1B.1 CISMONTANE WOODLAND.

Clarkia borealis ssp. borealis northern clarkia 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Clarkia concinna ssp. raichei Raiche's red ribbons 7 5 1B.1 COASTAL BLUFF SCRUB.

Clarkia delicata delicate clarkia 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL.

Clarkia franciscana Presidio clarkia 1 1 1B.1 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Clarkia gracilis ssp. albicaulis white-stemmed clarkia 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Clarkia imbricata Vine Hill clarkia 1 1 1B.1 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Clarkia jolonensis Jolon clarkia 7 5 1B.2 CISMONTANE WOODLAND.

Clarkia lingulata Merced clarkia 7 1 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND.

Clarkia mildrediae ssp. mildrediae Mildred's clarkia 7 5 1B.3 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Clarkia mosquinii Mosquin's clarkia 7 5 1B.1 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Clarkia rostrata beaked clarkia 7 5 1B.3 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Clarkia speciosa ssp. immaculata Pismo clarkia 1 3 1B.1 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Clarkia springvillensis Springville clarkia 2 1 1B.2 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Clarkia tembloriensis ssp. calientensis Vasek's clarkia 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Claytonia megarhiza fell-fields claytonia 7 5 2.3 ALPINE FELL FIELDS, SUBALPINE CONIFEROUS FOREST.

Claytonia umbellata Great Basin claytonia 7 5 2.3 SUBALPINE CONIFEROUS FOREST.

Cleomella hillmanii Hillman's cleomella 7 5 2.2 GREAT BASIN SCRUB, CHENOPOD SCRUB.

Cochlearia officinalis var. arctica arctic spoonwort 7 5 2.3 COASTAL BLUFF SCRUB.

Collinsia antonina San Antonio collinsia 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Collinsia corymbosa round-headed Chinese-houses 7 5 1B.2 COASTAL DUNES, COASTAL PRAIRIE.

Collinsia multicolor San Francisco collinsia 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, COASTAL SCRUB.

Collomia larsenii talus collomia 7 5 2.2 ALPINE BOULDER AND ROCK FIELD, CLOSEDCONE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOR.

Collomia rawsoniana Rawson's flaming trumpet 7 5 1B.2 RIPARIAN FOREST, LOWER MONTANE CONIFEROUS FOREST.

Collomia tenella slender collomia 7 5 2.2 UPPER MONTANE CONIFEROUS FOREST.

Colubrina californica Las Animas colubrina 7 5 2.3 MOJAVEAN DESERT SCRUB.

Comarostaphylis diversifolia ssp. diversifolia summer holly 7 5 1B.2 CHAPARRAL.

Constancea nevinii Nevin's woolly sunflower 7 5 1B.3 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Coptis laciniata Oregon goldthread 7 5 2.2 NORTH COAST CONIFEROUS FOREST, MEADOWS AND SEEPS.

Cordylanthus capitatus Yakima bird's-beak 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Cordylanthus eremicus ssp. kernensis Kern Plateau bird's-beak 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Cordylanthus nidularius Mt. Diablo bird's-beak 7 3 1B.1 CHAPARRAL.

Cordylanthus parviflorus small-flowered bird's-beak 7 5 2.3 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND, MOJAVEAN DESERT SCRUB.

Cordylanthus rigidus ssp. littoralis seaside bird's-beak 7 1 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB, COASTAL DUNES.

Cordylanthus tenuis ssp. capillaris Pennell's bird's-beak 1 3 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Cordylanthus tenuis ssp. pallescens pallid bird's-beak 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Corethrogyne filaginifolia var. incana San Diego sand aster 7 5 1B.1 COASTAL SCRUB, COASTAL BLUFF SCRUB, CHAPARRAL.

Corethrogyne filaginifolia var. linifolia Del Mar Mesa sand aster 7 5 1B.1 CHAPARRAL, COASTAL SCRUB.

Corispermum americanum var. americanum American bugseed 7 5 2.2 DESERT DUNES.

Coryphantha chlorantha desert pincushion 7 5 2.1 MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB, JOSHUA TREE WOODLAND, PINYON AND JUNIPER WOODLAND.

Coryphantha vivipara var. rosea viviparous foxtail cactus 7 5 2.2 MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND.

Crepis runcinata ssp. hallii Hall's meadow hawksbeard 7 5 2.1 MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Crossosoma californicum Catalina crossosoma 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Croton wigginsii Wiggins' croton 7 3 2.2 DESERT DUNES, SONORAN DESERT SCRUB.

Cryptantha celosioides cocks-comb cat's-eye 7 5 2.3 PINYON AND JUNIPER WOODLAND.

Cryptantha circumscissa var. rosulata rosette cushion cryptantha 7 5 1B.2 ALPINE BOULDER AND ROCK FIELDS, SUBALPINE CONIFEROUS FORESTS.

Cryptantha clokeyi Clokey's cryptantha 7 5 1B.2 MOJAVEAN DESERT SCRUB.

Cryptantha crinita silky cryptantha 7 5 1B.2 CISMONTANE WOODLAND, VALLEY FOOTHILL GRASSLAND, LOWER MONTANE CONIFEROUS FOREST, RIPARIAN FOREST, RIPARIAN WOODLAND.

Cryptantha crymophila subalpine cryptantha 7 5 1B.3 SUBALPINE CONIFEROUS FOREST.

Cryptantha dissita serpentine cryptantha 7 5 1B.2 CHAPARRAL.

Cryptantha excavata deep-scarred cryptantha 7 5 1B.3 CISMONTANE WOODLAND.

Cryptantha fendleri sand dune cryptantha 7 5 2.2 GREAT BASIN SCRUB.
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Cryptantha ganderi Gander's cryptantha 7 5 1B.1 SONORAN DESERT SCRUB, DESERT DUNES.

Cryptantha hooveri Hoover's cryptantha 7 5 1A VALLEY AND FOOTHILL GRASSLAND.

Cryptantha incana Tulare cryptantha 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Cryptantha mariposae Mariposa cryptantha 7 5 1B.3 CHAPARRAL.

Cryptantha roosiorum bristlecone cryptantha 7 3 1B.2 SUBALPINE CONIFEROUS FOREST.

Cryptantha schoolcraftii Schoolcraft's cryptantha 7 5 2.2 GREAT BASIN SCRUB.

Cryptantha traskiae Trask's cryptantha 7 5 1B.1 COASTAL BLUFF SCRUB, COASTAL DUNES, COASTAL SCRUB.

Cuniculotinus gramineus Panamint rock-goldenrod 7 5 2.3 SUBALPINE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Cuscuta jepsonii Jepson's dodder 7 5 1B.2 NORTH COAST CONIFEROUS FOREST.

Cuscuta obtusiflora var. glandulosa Peruvian dodder 7 5 2.2 MARSHES AND SWAMPS (FRESHWATER).

Cuscuta pacifica var. papillata Mendocino dodder 7 5 1B.2 COASTAL DUNES.

Cusickiella quadricostata Bodie Hills cusickiella 7 5 1B.2 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Cylindropuntia munzii Munz's cholla 7 5 1B.3 SONORAN DESERT SCRUB.

Cymopterus deserticola desert cymopterus 7 5 1B.2 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.  MOST OCCURRENCES LOCATED NEAR OR IN EDWARDS AFB.

Cymopterus gilmanii Gilman's cymopterus 7 5 2.3 MOJAVEAN DESERT SCRUB.

Cymopterus globosus globose cymopterus 7 5 2.2 GREAT BASIN SCRUB.

Cymopterus multinervatus purple-nerve cymopterus 7 5 2.2 MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND, JOSHUA TREE WOODLAND.

Cymopterus ripleyi var. saniculoides sanicle cymopterus 7 5 1B.2 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Dalea ornata ornate dalea 7 5 2.1 PINYON-JUNIPER WOODLAND.

Dedeckera eurekensis July gold 7 3 1B.3 MOJAVEAN DESERT SCRUB.

Deinandra arida Red Rock tarplant 7 3 1B.2 MOJAVEAN DESERT SCRUB.

Deinandra bacigalupii Livermore tarplant 7 5 1B.2 MEADOWS AND SEEPS.

Deinandra conjugens Otay tarplant 2 1 1B.1 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Deinandra floribunda Tecate tarplant 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Deinandra halliana Hall's tarplant 7 5 1B.1 CISMONTANE WOODLAND, CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Deinandra increscens ssp. foliosa leafy tarplant 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Deinandra increscens ssp. villosa Gaviota tarplant 1 1 1B.1 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND, COASTAL BLUFF SCRUB.

Deinandra minthornii Santa Susana tarplant 7 3 1B.2 CHAPARRAL, COASTAL SCRUB.

Deinandra mohavensis Mojave tarplant 7 1 1B.3 RIPARIAN SCRUB, CHAPARRAL.

Delphinium bakeri Baker's larkspur 1 1 1B.1 COASTAL SCRUB, GRASSLANDS.

Delphinium californicum ssp. interius Hospital Canyon larkspur 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL.

Delphinium hesperium ssp. cuyamacae Cuyamaca larkspur 7 3 1B.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Delphinium hutchinsoniae Hutchinson's larkspur 7 5 1B.2 BROADLEAFED UPLAND FOREST, CHAPARRAL, COASTAL PRAIRIE, COASTAL SCRUB.

Delphinium luteum golden larkspur 1 3 1B.1 CHAPARRAL, COASTAL PRAIRIE, COASTAL SCRUB.

Delphinium parryi ssp. blochmaniae dune larkspur 7 5 1B.2 CHAPARRAL, COASTAL DUNES (MARITIME).

Delphinium parryi ssp. eastwoodiae Eastwood's larkspur 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Delphinium purpusii rose-flowered larkspur 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND, PINYON-JUNIPER WOODLAND.

Delphinium recurvatum recurved larkspur 7 5 1B.2 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Delphinium scaposum bare-stem larkspur 7 5 2.3 SONORAN DESERT SCRUB.

Delphinium stachydeum spiked larkspur 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST, GREAT BASIN SCRUB.

Delphinium umbraculorum umbrella larkspur 7 5 1B.3 CISMONTANE WOODLAND.

Delphinium variegatum ssp. kinkiense San Clemente Island larkspur 1 1 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Delphinium variegatum ssp. thornei Thorne's royal larkspur 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Dendromecon harfordii var. rhamnoides south island bush-poppy 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SAGE SCRUB.

Dicranostegia orcuttiana Orcutt's bird's-beak 7 5 2.1 COASTAL SCRUB.

Dieteria asteroides var. lagunensis Mount Laguna aster 7 3 2.1 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Dieteria canescens var. ziegleri Ziegler's aster 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Dimeresia howellii doublet 7 5 2.3 PINYON-JUNIPER WOODLAND.

Dirca occidentalis western leatherwood 7 5 1B.2 BROADLEAFED UPLAND FOREST, CHAPARRAL, CLOSED-CONE CONIF FOR, CISMONTANE WDLND, N COAST CONIF FOR, RIP FOR, RIP WDLND.

Ditaxis claryana glandular ditaxis 7 5 2.2 MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB.

Dithyrea maritima beach spectaclepod 7 2 1B.1 COASTAL DUNES, COASTAL SCRUB.  FORMERLY MORE WIDESPREAD IN COASTAL HABITATS IN SO. CALIF.

Dodecahema leptoceras slender-horned spineflower 1 1 1B.1 CHAPARRAL, COASTAL SCRUB (ALLUVIAL FAN SAGE SCRUB).

Downingia concolor var. brevior Cuyamaca Lake downingia 7 1 1B.1 MEADOWS (MESIC), VERNAL POOLS.

Downingia laeta Great Basin downingia 7 5 2.2 GREAT BASIN SCRUB, MEADOWS AND SEEPS, FRESHWATER MARSHES, PINYON-JUNIPER WOODLAND, VERNAL POOLS.

Downingia pusilla dwarf downingia 7 5 2.2 VALLEY AND FOOTHILL GRASSLAND (MESIC SITES), VERNAL POOLS.

Draba asterophora var. asterophora Tahoe draba 7 5 1B.2 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Draba asterophora var. macrocarpa Cup Lake draba 7 5 1B.1 SUBALPINE CONIFEROUS FOREST.

Draba aureola golden alpine draba 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Draba cana canescent draba 7 5 2.3 ALPINE BOULDER AND ROCK FIELD, MEADOWS, SUBALPINE CONIFEROUS FOREST.

Draba carnosula Mt. Eddy draba 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Draba cruciata Mineral King draba 7 5 1B.3 SUBALPINE CONIFEROUS FOREST.

Draba incrassata Sweetwater Mountains draba 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD.

Draba lonchocarpa var. lonchocarpa spear-fruited draba 7 5 2.3 ALPINE BOULDER AND ROCK FIELDS.

Draba monoensis White Mountains draba 7 5 1B.2 ALPINE BOULDER AND ROCK FIELD, MEADOWS.

Draba praealta tall draba 7 5 2.3 MEADOWS AND SEEPS.

Draba saxosa Southern California rock draba 7 5 1B.3 ALPINE BOULDER AND ROCK FIELDS, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.
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Draba sharsmithii Mt. Whitney draba 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD.

Draba sierrae Sierra draba 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD.

Drosera anglica English sundew 7 5 2.3 BOGS AND FENS, MEADOWS.

Drymocallis cuneifolia var. cuneifolia wedgeleaf woodbeauty 7 5 1B.1 UPPER MONTANE CONIFEROUS FOREST, RIPARIAN SCRUB.

Drymocallis cuneifolia var. ewanii Ewan's cinquefoil 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Dudleya abramsii ssp. affinis San Bernardino Mountains dudleya 7 5 1B.2 PEBBLE (PAVEMENT) PLAIN, UPPER MONTANE CONIFEROUS FOREST, PINYON AND JUNIPER WOODLAND.

Dudleya abramsii ssp. bettinae Betty's dudleya 7 5 1B.2 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND, CHAPARRAL.

Dudleya abramsii ssp. murina mouse-gray dudleya 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND.

Dudleya abramsii ssp. setchellii Santa Clara Valley dudleya 1 5 1B.1 VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Dudleya attenuata ssp. orcuttii Orcutt's dudleya 7 5 2.1 COASTAL SCRUB, COASTAL BLUFF SCRUB, CHAPARRAL.

Dudleya blochmaniae ssp. blochmaniae Blochman's dudleya 7 5 1B.1 COASTAL SCRUB, COASTAL BLUFF SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Dudleya blochmaniae ssp. insularis Santa Rosa Island dudleya 7 5 1B.1 COASTAL BLUFF SCRUB.

Dudleya brevifolia short-leaved dudleya 7 1 1B.1 CHAPARRAL, COASTAL SCRUB.

Dudleya candelabrum candleholder dudleya 7 5 1B.2 COASTAL SCRUB.

Dudleya cymosa ssp. agourensis Agoura Hills dudleya 2 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Dudleya cymosa ssp. costatifolia Pierpoint Springs dudleya 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Dudleya cymosa ssp. crebrifolia San Gabriel River dudleya 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Dudleya cymosa ssp. marcescens marcescent dudleya 2 3 1B.2 CHAPARRAL.

Dudleya cymosa ssp. ovatifolia Santa Monica dudleya 2 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Dudleya densiflora San Gabriel Mountains dudleya 7 5 1B.1 CHAPARRAL, COASTAL SCRUB, LOWER MONTANE CONIFEROUS FOREST.

Dudleya gnoma munchkin dudleya 7 5 1B.1 COASTAL BLUFF SCRUB.

Dudleya multicaulis many-stemmed dudleya 7 5 1B.2 CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Dudleya nesiotica Santa Cruz Island dudleya 2 3 1B.1 COASTAL BLUFF SCRUB.

Dudleya parva Conejo dudleya 2 5 1B.2 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Dudleya saxosa ssp. saxosa Panamint dudleya 7 5 1B.3 MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND.

Dudleya stolonifera Laguna Beach dudleya 2 2 1B.1 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Dudleya traskiae Santa Barbara Island dudleya 1 1 1B.2 COASTAL SCRUB, COASTAL BLUFF SCRUB.

Dudleya variegata variegated dudleya 7 5 1B.2 CHAPARRAL, COASTAL SCRUB, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Dudleya verityi Verity's dudleya 2 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB.

Dudleya virens ssp. hassei Catalina Island dudleya 7 5 1B.2 COASTAL BLUFF SCRUB.

Dudleya virens ssp. insularis island green dudleya 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Dudleya virens ssp. virens bright green dudleya 7 5 1B.2 CHAPARRAL, COASTAL SCRUB, COASTAL BLUFF SCRUB.

Dudleya viscida sticky dudleya 7 5 1B.2 COASTAL SCRUB, COASTAL BLUFF SCRUB, CHAPARRAL.

Echinocereus engelmannii var. howei Howe's hedgehog cactus 7 5 1B.1 MOJAVEAN DESERT SCRUB.

Empetrum nigrum ssp. hermaphroditum mountain crowberry 7 5 2.2 COASTAL BLUFF SCRUB, COASTAL PRAIRIE.

Enceliopsis covillei Panamint daisy 7 5 1B.2 MOJAVEAN DESERT SCRUB.

Enceliopsis nudicaulis var. corrugata Ash Meadows daisy 2 5 3.3 MOJAVEAN DESERT SCRUB.

Epilobium luteum yellow willowherb 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Epilobium nivium Snow Mountain willowherb 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Epilobium oreganum Oregon fireweed 7 5 1B.2 BOGS AND FENS, MEADOWS, LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Epilobium palustre marsh willowherb 7 5 2.3 BOGS AND FENS, MEADOWS AND SEEPS.

Epilobium siskiyouense Siskiyou fireweed 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Eremalche kernensis Kern mallow 1 5 1B.1 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Eremogone cliftonii Clifton's eremogone 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Eremogone congesta var. charlestonensis Charleston sandwort 7 5 1B.3 PINYON-JUNIPER WOODLAND.

Eremogone ursina Big Bear Valley sandwort 2 5 1B.2 PEBBLE PLAIN, PINYON AND JUNIPER WOODLAND.

Eriastrum brandegeeae Brandegee's eriastrum 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Eriastrum densifolium ssp. sanctorum Santa Ana River woollystar 1 1 1B.1 COASTAL SCRUB, CHAPARRAL.

Eriastrum harwoodii Harwood's eriastrum 7 5 1B.2 DESERT DUNES.

Eriastrum luteum yellow-flowered eriastrum 7 5 1B.2 BROADLEAFED UPLAND FOREST, CISMONTANE WOODLAND, CHAPARRAL.

Eriastrum tracyi Tracy's eriastrum 7 3 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Ericameria cuneata var. macrocephala Laguna Mountains goldenbush 7 5 1B.3 CHAPARRAL.

Ericameria fasciculata Eastwood's goldenbush 7 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL (MARITIME), COASTAL SCRUB, COASTAL DUNES.

Ericameria gilmanii Gilman's goldenbush 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Ericameria palmeri var. palmeri Palmer's goldenbush 7 5 1B.1 COASTAL SCRUB, CHAPARRAL.

Erigeron aequifolius Hall's daisy 7 5 1B.3 BROADLEAFED UPLAND FOREST, LOWER MONTANE CONIFEROUS FOREST, PINYON & JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Erigeron blochmaniae Blochman's leafy daisy 7 5 1B.2 COASTAL DUNES.

Erigeron bloomeri var. nudatus Waldo daisy 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Erigeron calvus bald daisy 7 5 1B.1 GREAT BASIN SCRUB.

Erigeron compactus compact daisy 7 5 2.3 PINYON-JUNIPER WOODLAND.

Erigeron disparipilus Snake River daisy 7 5 2.1 GREAT BASIN SCRUB.

Erigeron eatonii var. nevadincola Nevada daisy 7 5 2.3 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Erigeron greenei Greene's narrow-leaved daisy 7 5 1B.2 CHAPARRAL.

Erigeron inornatus var. keilii keil's daisy 7 5 1B.3 MEADOWS, LOWER MONTANE CONIFEROUS FOREST.

Erigeron maniopotamicus Mad River fleabane daisy 7 5 1B.2 MEADOWS AND SEEPS (OPEN AND DRY), LOWER MONTANE CONIFEROUS FOREST.

Erigeron mariposanus Mariposa daisy 7 5 1A CISMONTANE WOODLAND.
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Erigeron miser starved daisy 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST.

Erigeron multiceps Kern River daisy 7 5 1B.2 JOSHUA TREE WOODLAND, MEADOWS, UPPER MONTANE CONIFEROUS FOREST.

Erigeron nivalis snow fleabane daisy 7 5 2.3 ALPINE BOULDER AND ROCK FIELD, MEADOWS AND SEEPS, SUBALPINE CONIFEROUS FOREST.

Erigeron oxyphyllus wand-like fleabane daisy 7 5 2.3 SONORAN DESERT SCRUB.

Erigeron parishii Parish's daisy 2 5 1B.1 MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND, JOSHUA TREE WOODLAND.

Erigeron serpentinus serpentine daisy 7 5 1B.3 CHAPARRAL.

Erigeron supplex supple daisy 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL PRAIRIE.

Erigeron uncialis var. uncialis limestone daisy 7 5 1B.2 GREAT BASIN SCRUB, SUBALPINE CONIFEROUS FOREST, PINYON AND JUNIPER WOODLAND.

Erigeron utahensis Utah daisy 7 5 2.3 PINYON-JUNIPER WOODLAND.

Eriodictyon altissimum Indian Knob mountainbalm 1 1 1B.1 CHAPARRAL (MARITIME), CISMONTANE WOODLAND.

Eriodictyon angustifolium narrow-leaved yerba santa 7 5 2.3 PINYON-JUNIPER WOODLAND.

Eriodictyon capitatum Lompoc yerba santa 1 3 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Eriogonum alexanderae Alexander's buckwheat 7 5 1B.1 GREAT BASIN SCRUB, PINYON AND JUNIPER WOODLAND.

Eriogonum alpinum Trinity buckwheat 7 1 1B.2 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, ALPINE BOULDER AND ROCK FIELD.

Eriogonum apricum var. apricum Ione buckwheat 1 1 1B.1 CHAPARRAL.

Eriogonum apricum var. prostratum Irish Hill buckwheat 1 1 1B.1 CHAPARRAL.

Eriogonum bifurcatum forked buckwheat 7 5 1B.2 CHENOPOD SCRUB.

Eriogonum breedlovei var. breedlovei Breedlove's buckwheat 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST, PINYON AND JUNIPER WOODLAND.

Eriogonum butterworthianum Butterworth's buckwheat 7 3 1B.3 CHAPARRAL.

Eriogonum callistum Tehachapi buckwheat 7 5 1B.1 CHAPARRAL.

Eriogonum cedrorum The Cedars buckwheat 7 5 1B.3 CLOSED-CONE CONIFEROUS FOREST.

Eriogonum contiguum Ash Meadows buckwheat 7 5 2.3 MOJAVEAN DESERT SCRUB.

Eriogonum crocatum conejo buckwheat 7 3 1B.2 CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Eriogonum diclinum Jaynes Canyon buckwheat 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST.

Eriogonum eastwoodianum Eastwood's buckwheat 7 5 1B.3 CISMONTANE WOODLAND.

Eriogonum eremicola Wildrose Canyon buckwheat 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST, PINYON AND JUNIPER WOODLAND.

Eriogonum evanidum vanishing wild buckwheat 7 5 1B.1 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, PINYON AND JUNIPER WOODLAND.

Eriogonum giganteum var. compactum Santa Barbara Island buckwheat 7 3 1B.3 COASTAL BLUFF SCRUB.

Eriogonum giganteum var. formosum San Clemente Island buckwheat 7 5 1B.2 COASTAL BLUFF SCRUB.

Eriogonum gilmanii Gilman's buckwheat 7 5 1B.3 MOJAVEAN DESERT SCRUB.

Eriogonum grande var. rubescens red-flowered buckwheat 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL SCRUB, CHAPARRAL.

Eriogonum grande var. timorum San Nicolas Island buckwheat 7 1 1B.1 COASTAL BLUFF SCRUB.

Eriogonum hirtellum Klamath Mountain buckwheat 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Eriogonum hoffmannii var. hoffmannii Hoffmann's buckwheat 7 5 1B.3 MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND.

Eriogonum hoffmannii var. robustius robust Hoffmann's buckwheat 7 5 1B.3 MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND.

Eriogonum intrafractum jointed buckwheat 7 5 1B.3 MOJAVEAN DESERT SCRUB.

Eriogonum kelloggii Kellogg's buckwheat 5 1 1B.2 LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Eriogonum kennedyi var. alpigenum southern alpine buckwheat 7 5 1B.3 ALPINE BOULDER AND ROCK FIELDS, SUBALPINE CONIFEROUS FOREST.

Eriogonum kennedyi var. austromontanum southern mountain buckwheat 2 5 1B.2 PEBBLE (PAVEMENT) PLAIN, LOWER MONTANE CONIFEROUS FOREST.

Eriogonum kennedyi var. pinicola Kern buckwheat 7 5 1B.1 CHAPARRAL, PINYON AND JUNIPER WOODLAND.

Eriogonum luteolum var. caninum Tiburon buckwheat 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND, COASTAL PRAIRIE.

Eriogonum luteolum var. saltuarium Jack's wild buckwheat 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST, GREAT BASIN SCRUB.

Eriogonum mensicola Pinyon Mesa buckwheat 7 5 1B.3 PINYON AND JUNIPER WOODLAND, GREAT BASIN SCRUB, UPPER MONTANE CONIFEROUS FOREST.

Eriogonum microthecum var. johnstonii Johnston's buckwheat 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Eriogonum microthecum var. lacus-ursi Bear Lake buckwheat 7 5 1B.1 LOWER MONTANE CONIFEROUS FOREST.

Eriogonum microthecum var. panamintense Panamint Mountains buckwheat 7 5 1B.3 PINYON-JUNIPER WOODLAND.

Eriogonum microthecum var. schoolcraftii Schoolcraft's wild buckwheat 7 5 1B.2 PINYON AND JUNIPER WOODLAND, GREAT BASIN SCRUB.

Eriogonum nervulosum Snow Mountain buckwheat 7 5 1B.2 CHAPARRAL.

Eriogonum nortonii Pinnacles buckwheat 7 5 1B.3 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Eriogonum nudum var. decurrens Ben Lomond buckwheat 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Eriogonum nudum var. murinum mouse buckwheat 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Eriogonum nudum var. paralinum Del Norte buckwheat 7 5 2.2 COASTAL BLUFF SCRUB, COASTAL PRAIRIE.

Eriogonum nudum var. psychicola Antioch Dunes buckwheat 7 5 1B.1 INTERIOR DUNES.

Eriogonum nudum var. regirivum Kings River buckwheat 7 5 1B.2 CISMONTANE WOODLAND.

Eriogonum nutans var. nutans Dugway wild buckwheat 7 5 2.3 GREAT BASIN SCRUB, CHENOPOD SCRUB.

Eriogonum ochrocephalum var. ochrocephalum ochre-flowered buckwheat 7 5 2.2 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Eriogonum ovalifolium var. monarchense Monarch buckwheat 7 5 1B.3 MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Eriogonum ovalifolium var. vineum Cushenbury buckwheat 1 5 1B.1 MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND, JOSHUA TREE WOODLAND.

Eriogonum pendulum Waldo wild buckwheat 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Eriogonum prociduum prostrate buckwheat 7 5 1B.2 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Eriogonum pyrolifolium var. pyrolifolium pyrola-leaved buckwheat 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Eriogonum spectabile Barron's buckwheat 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST.

Eriogonum temblorense Temblor buckwheat 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Eriogonum thornei Thorne's buckwheat 7 1 1B.2 PINYON-JUNIPER WOODLAND.

Eriogonum truncatum Mt. Diablo buckwheat 7 5 1B.1 CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Eriogonum twisselmannii Twisselmann's buckwheat 7 3 1B.2 UPPER MONTANE CONIFEROUS FOREST.
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Eriogonum umbellatum var. ahartii Ahart's buckwheat 7 5 1B.2 CISMONTANE WOODLAND.

Eriogonum umbellatum var. glaberrimum Warner Mountains buckwheat 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Eriogonum umbellatum var. juniporinum juniper sulphur-flowered buckwheat 7 5 2.3 PINYON-JUNIPER WOODLAND, MOJAVEAN DESERT SCRUB.

Eriogonum umbellatum var. lautum Scott Valley buckwheat 7 5 1B.1 CISMONTANE (OAK) WOODLANDS, LOWER MONTANE CONIFEROUS FOREST.

Eriogonum umbellatum var. torreyanum Donner Pass buckwheat 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST, CHAPARRAL, MEADOWS.

Eriogonum ursinum var. erubescens blushing wild buckwheat 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, MONTANE CHAPARRAL.

Eriogonum wrightii var. olanchense Olancha Peak buckwheat 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, ALPINE BOULDER AND ROCK FIELD.

Eriophyllum congdonii Congdon's woolly sunflower 7 3 1B.2 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Eriophyllum lanatum var. hallii Fort Tejon woolly sunflower 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND.

Eriophyllum latilobum San Mateo woolly sunflower 1 1 1B.1 CISMONTANE WOODLAND.

Eriophyllum mohavense Barstow woolly sunflower 7 5 1B.2 DESERT CHENOPOD SCRUB, MOJAVEAN DESERT SCRUB, DESERT PLAYAS.

Eriophyllum nubigenum Yosemite woolly sunflower 7 5 1B.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Eryngium aristulatum var. hooveri Hoover's button-celery 7 5 1B.1 VERNAL POOLS.

Eryngium aristulatum var. parishii San Diego button-celery 1 1 1B.1 VERNAL POOLS, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Eryngium constancei Loch Lomond button-celery 1 1 1B.1 VERNAL POOLS.

Eryngium pendletonense Pendleton button-celery 7 5 1B.1 COASTAL BLUFF SCRUB, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Eryngium pinnatisectum Tuolumne button-celery 7 5 1B.2 VERNAL POOLS, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Eryngium racemosum Delta button-celery 7 1 1B.1 RIPARIAN SCRUB.

Eryngium spinosepalum spiny-sepaled button-celery 7 5 1B.2 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Erysimum ammophilum sand-loving wallflower 7 5 1B.2 CHAPARRAL (MARITIME), COASTAL DUNES, COASTAL SCRUB.

Erysimum capitatum var. angustatum Contra Costa wallflower 1 1 1B.1 INLAND DUNES.

Erysimum insulare island wallflower 7 5 1B.3 COASTAL BLUFF SCRUB, COASTAL DUNES.

Erysimum menziesii ssp. eurekense Humboldt Bay wallflower 1 1 1B.1 COASTAL DUNES.

Erysimum menziesii ssp. menziesii Menzies' wallflower 1 1 1B.1 COASTAL DUNES.

Erysimum menziesii ssp. yadonii Yadon's wallflower 1 1 1B.1 COASTAL DUNES.

Erysimum teretifolium Santa Cruz wallflower 1 1 1B.1 LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Eschscholzia lemmonii ssp. kernensis Tejon poppy 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Eschscholzia minutiflora ssp. twisselmannii Red Rock poppy 7 5 1B.2 MOJAVEAN DESERT SCRUB.

Eschscholzia rhombipetala diamond-petaled California poppy 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Eucephalus vialis wayside aster 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Eucnide rupestris annual rock-nettle 7 5 2.2 SONORAN DESERT SCRUB.

Euphorbia exstipulata var. exstipulata Clark Mountain spurge 7 5 2.1 MOJAVEAN DESERT SCRUB.

Euphorbia misera cliff spurge 7 5 2.2 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Eurybia merita subalpine aster 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST.

Ferocactus viridescens San Diego barrel cactus 7 5 2.1 CHAPPARAL, DIEGAN COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Frangula purshiana ssp. ultramafica Caribou coffeeberry 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Frankenia palmeri Palmer's frankenia 7 5 2.1 COASTAL DUNES, MARSHES (COASTAL SALT), PLAYAS.

Fraxinus parryi chaparral ash 7 5 2.2 CHAPARRAL.

Fremontodendron decumbens Pine Hill flannelbush 1 3 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Fremontodendron mexicanum Mexican flannelbush 1 3 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND.

Galium angustifolium ssp. borregoense Borrego bedstraw 7 3 1B.3 SONORAN DESERT SCRUB.

Galium angustifolium ssp. jacinticum San Jacinto Mountains bedstraw 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Galium angustifolium ssp. onycense Onyx Peak bedstraw 7 5 1B.3 CISMONTANE WOODLAND.

Galium buxifolium box bedstraw 1 3 1B.2 COASTAL BLUFF SCRUB, COASTAL SAGE SCRUB, CLOSED-CONE CONIFEROUS FOREST.

Galium californicum ssp. luciense Cone Peak bedstraw 7 5 1B.3 BROADLEAVED UPLAND FOREST, LOWER MONTANE CONIFEROUS FOREST, CISMONTANE WOODLAND.

Galium californicum ssp. primum Alvin Meadow bedstraw 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Galium californicum ssp. sierrae El Dorado bedstraw 1 3 1B.2 CISMONTANE WOODLAND, CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Galium catalinense ssp. acrispum San Clemente Island bedstraw 7 1 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Galium catalinense ssp. catalinense Santa Catalina Island bedstraw 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Galium clementis Santa Lucia bedstraw 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Galium glabrescens ssp. modocense Modoc bedstraw 7 5 1B.2 GREAT BASIN SCRUB.

Galium grande San Gabriel bedstraw 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL, BROADLEAFED UPLAND FOREST, LOWER MONTANE CONIFEROUS FOREST.

Galium hardhamiae Hardham's bedstraw 7 5 1B.3 CLOSED-CONE CONIFEROUS FOREST.

Galium hilendiae ssp. carneum Panamint Mountains bedstraw 7 5 1B.3 MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND.

Galium hilendiae ssp. kingstonense Kingston Mountains bedstraw 7 5 1B.3 PINYON AND JUNIPER WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Galium hypotrichium ssp. tomentellum Telescope Peak bedstraw 7 5 1B.3 SUBALPINE CONIFEROUS FOREST.

Galium proliferum desert bedstraw 7 5 2.2 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCVRUB, PINYON AND JUNIPER WOODLAND.

Galium serpenticum ssp. scotticum Scott Mountain bedstraw 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Galium serpenticum ssp. warnerense Warner Mountains bedstraw 7 5 1B.2 SUBALPINE CONIFEROUS FOREST, MEADOWS.

Galium wrightii Wright's bedstraw 7 5 2.3 PINYON-JUNIPER WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Gambelia speciosa showy island snapdragon 7 5 1B.2 COASTAL SCRUB.

Gentiana fremontii Fremont's gentian 7 5 2.3 MEADOWS, UPPER MONTANE CONIFEROUS FOREST.

Gentiana plurisetosa Klamath gentian 7 5 1B.3 MEADOWS AND SEEPS, UPPER MONTANE CONIFEROUS FOREST, LOWER MONTANE CONIFEROUS FOREST.

Gentiana prostrata pygmy gentian 7 5 2.3 MEADOWS, ALPINE BOULDER AND ROCK FIELD.

Gentiana setigera Mendocino gentian 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Geraea viscida sticky geraea 7 5 2.3 CHAPARRAL.
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Geum aleppicum Aleppo avens 7 5 2.2 MEADOWS, GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST.

Gilia capitata ssp. chamissonis blue coast gilia 7 5 1B.1 COASTAL DUNES, COASTAL SCRUB.

Gilia capitata ssp. pacifica Pacific gilia 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL PRAIRIE, VALLEY AND FOOTHILL GRASSLAND.

Gilia capitata ssp. tomentosa woolly-headed gilia 7 5 1B.1 COASTAL BLUFF SCRUB.

Gilia leptantha ssp. leptantha San Bernardino gilia 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Gilia mexicana El Paso gilia 7 5 2.3 PINYON AND JUNIPER WOODLAND.

Gilia millefoliata dark-eyed gilia 7 5 1B.2 COASTAL DUNES.

Gilia tenuiflora ssp. arenaria sand gilia 1 2 1B.2 COASTAL DUNES, COASTAL SCRUB, CHAPARRAL (MARITIME), CISMONTANE WOODLAND.

Gilia tenuiflora ssp. hoffmannii Hoffmann's slender-flowered gilia 1 5 1B.1 COASTAL DUNES, COASTAL SCRUB.

Gilia yorkii Monarch gilia 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Gilmania luteola golden-carpet gilmania 7 5 1B.3 CHENOPOD SCRUB.

Githopsis tenella delicate bluecup 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND.

Glossopetalon pungens pungent glossopetalon 7 5 1B.2 PINYON-JUNIPER WOODLAND, CHAPARRAL.

Gratiola heterosepala Boggs Lake hedge-hyssop 7 1 1B.2 MARSHES AND SWAMPS (FRESHWATER), VERNAL POOLS.

Grindelia fraxinipratensis Ash Meadows gumplant 2 5 1B.2 MEADOWS, CHENOPOD SCRUB.

Grindelia hallii San Diego gumplant 7 5 1B.2 MEADOWS, VALLEY AND FOOTHILL GRASSLAND, CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Grusonia parishii Parish's club-cholla 7 5 2.2 MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB, JOSHUA TREE WOODLAND.

Grusonia pulchella beautiful cholla 7 5 2.2 DESERT DUNES, MOJAVEAN DESERT SCRUB, GREAT BASIN SCRUB?

Hackelia sharsmithii Sharsmith's stickseed 7 5 2.3 SUBALPINE CONIFEROUS FOREST, ALPINE BOULDER AND ROCK FIELDS.

Harmonia doris-nilesiae Niles' harmonia 7 5 1B.1 LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND.

Harmonia guggolziorum Guggolz's harmonia 7 5 1B.1 CHAPARRAL.

Harmonia hallii Hall's harmonia 7 5 1B.2 CHAPARRAL.

Harmonia stebbinsii Stebbins' harmonia 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Hazardia cana San Clemente Island hazardia 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL SCRUB, RIPARIAN FOREST.

Hazardia orcuttii Orcutt's hazardia 5 2 1B.1 CHAPARRAL, COASTAL SCRUB.

Hedeoma drummondii Drummond's false pennyroyal 7 5 2.2 GREAT BASIN SCRUB, PINYON AND JUNIPER WOODLAND.

Helianthella castanea Diablo helianthella 7 5 1B.2 BROADLEAVED UPLAND FOREST, CHAPARRAL, CISMONTANE WDLND, COASTAL SCRUB, RIPARIAN WOODLAND, VALLEY & FOOTHILL GRASSLAND.

Helianthemum greenei island rush-rose 2 5 1B.2 CHAPARRAL, COASTAL SCRUB, CLOSED-CONE CONIFEROUS FOREST.

Helianthus inexpectatus Newhall sunflower 7 5 1B.1 MARSHES AND SWAMPS, RIPARIAN WOODLAND, SEEPS.

Helianthus niveus ssp. tephrodes Algodones Dunes sunflower 7 1 1B.2 DESERT DUNES.

Helianthus nuttallii ssp. parishii Los Angeles sunflower 7 5 1A MARSHES AND SWAMPS (COASTAL SALT AND FRESHWATER).  HISTORICAL FROM SOUTHERN CALIFORNIA.

Hemieva ranunculifolia buttercup-leaf suksdorfia 7 5 2 UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Hemizonia congesta ssp. congesta white seaside tarplant 7 5 1B.2 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Herissantia crispa curly herissantia 7 5 2.3 SONORAN DESERT SCRUB.

Hesperevax sparsiflora var. brevifolia short-leaved evax 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL DUNES.

Hesperolinon adenophyllum glandular western flax 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Hesperolinon bicarpellatum two-carpellate western flax 7 5 1B.2 SERPENTINE CHAPARRAL.

Hesperolinon breweri Brewer's western flax 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Hesperolinon congestum Marin western flax 2 2 1B.1 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Hesperolinon didymocarpum Lake County western flax 7 1 1B.2 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Hesperolinon drymarioides drymaria-like western flax 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Hesperolinon tehamense Tehama County western flax 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND.

Heterotheca monarchensis Monarch golden-aster 7 5 1B.3 CISMONTANE WOODLAND.

Heterotheca sessiliflora ssp. sessiliflora beach goldenaster 7 5 1B.1 COASTAL DUNES, COASTAL SCRUB, CHAPARRAL (COASTAL).

Heterotheca shevockii Shevock's golden-aster 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND, RIPARIAN WOODLAND.

Heuchera brevistaminea Laguna Mountains alumroot 7 5 1B.3 BROADLEAVED UPLAND FOREST, CHAPARRAL, CISMONTANE WOODLAND, RIPARIAN FOREST.

Heuchera hirsutissima shaggy-haired alumroot 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Heuchera maxima island alumroot 7 5 1B.2 COASTAL BLUFF SCRUB, CHAPARRAL, COASTAL SCRUB.

Heuchera parishii Parish's alumroot 7 5 1B.3 LOWER MONTANE CONIF.  FOREST, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, ALPINE BOULDER & ROCK FIELD.

Heuchera rubescens var. versicolor San Diego County alumroot 7 5 2.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Hibiscus lasiocarpos var. occidentalis woolly rose-mallow 7 5 1B.2 MARSHES AND SWAMPS (FRESHWATER).

Hoita strobilina Loma Prieta hoita 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND, RIPARIAN WOODLAND.

Holmgrenanthe petrophila rock lady 7 3 1B.2 MOJAVEAN DESERT SCRUB.

Holocarpha macradenia Santa Cruz tarplant 2 1 1B.1 COASTAL PRAIRIE, VALLEY AND FOOTHILL GRASSLAND.

Horkelia bolanderi Bolander's horkelia 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL, MEADOWS, VALLEY AND FOOTHILL GRASSLAND.

Horkelia congesta ssp. nemorosa Josephine horkelia 7 5 2.1 NORTH COAST CONIFEROUS FOREST.

Horkelia cuneata ssp. puberula mesa horkelia 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB.

Horkelia cuneata ssp. sericea Kellogg's horkelia 7 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, COASTAL SCRUB, CHAPARRAL.

Horkelia daucifolia var. indicta Jepson's horkelia 7 5 1B.1 CISMONTANE WOODLAND.

Horkelia hendersonii Henderson's horkelia 7 5 1B.1 UPPER MONTANE CONIFEROUS FOREST.

Horkelia hispidula White Mountains horkelia 7 5 1B.3 GREAT BASIN SCRUB, SUBALPINE CONIFEROUS FOREST, ALPINE DWARF SCRUB.

Horkelia marinensis Point Reyes horkelia 7 5 1B.2 COASTAL DUNES, COASTAL PRAIRIE, COASTAL SCRUB.

Horkelia parryi Parry's horkelia 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Horkelia tenuiloba thin-lobed horkelia 7 5 1B.2 COASTAL SCRUB, CHAPARRAL.

Horkelia truncata Ramona horkelia 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND.

Horkelia tularensis Kern Plateau horkelia 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST.
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Horkelia wilderae Barton Flats horkelia 7 5 1B.1 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Hosackia crassifolia var. otayensis Otay Mountain lotus 7 5 1B.1 CHAPARRAL.

Hosackia oblongifolia var. cuprea copper-flowered bird's-foot trefoil 7 5 1B.3 MEADOWS, UPPER MONTANE CONIFEROUS FOREST (MESIC).

Howellia aquatilis water howellia 2 5 2.2 FRESHWATER MARSHES AND SWAMPS, LOWER MONTANE CONIFEROUS FOREST.

Hulsea brevifolia short-leaved hulsea 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST.

Hulsea californica San Diego hulsea 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Hulsea mexicana Mexican hulsea 7 5 2.3 CHAPARRAL.

Hulsea nana little hulsea 7 5 2.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Hulsea vestita ssp. inyoensis Inyo hulsea 7 5 2.2 PINYON-JUNIPER WOODLAND, GREAT BASIN SCRUB.

Hulsea vestita ssp. pygmaea pygmy hulsea 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Hymenopappus filifolius var. eriopodus hairy-podded fine-leaf hymenopappus 7 5 2.3 PINYON AND JUNIPER WOODLAND.

Hymenopappus filifolius var. nanus little cutleaf 7 5 2.3 PINYON-JUNIPER WOODLAND, SUBALPINE CONIFEROUS FOREST.

Hymenoxys lemmonii alkali hymenoxys 7 5 2.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Hymenoxys odorata bitter hymenoxys 7 5 2 RIPARIAN SCRUB, SONORAN DESERT SCRUB.

Iliamna latibracteata California globe mallow 7 5 1B.2 NORTH COAST CONIFEROUS FOREST.

Ipomopsis effusa Baja California ipomopsis 7 5 2.1 SONORAN DESERT SCRUB, CHAPARRAL.

Ipomopsis tenuifolia slender-leaved ipomopsis 7 5 2.3 CHAPARRAL, PINYON AND JUNIPER WOODLAND, SONORAN DESERT SCRUB.

Isocoma arguta Carquinez goldenbush 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Isocoma menziesii var. decumbens decumbent goldenbush 7 5 1B.2 COASTAL SCRUB.

Iva hayesiana San Diego marsh-elder 7 5 2.2 MARSHES AND SWAMPS, PLAYAS.

Ivesia aperta var. aperta Sierra Valley ivesia 7 5 1B.2 GREAT BASIN SCRUB, PINYON AND JUNIPER WOODLAND, LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Ivesia aperta var. canina Dog Valley ivesia 7 5 1B.1 LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Ivesia argyrocoma var. argyrocoma silver-haired ivesia 7 5 1B.2 MEADOWS, PEBBLE  PLAINS, UPPER MONTANE CONIFEROUS FOREST.

Ivesia arizonica var. arizonica yellow ivesia 7 5 2.3 PINYON-JUNIPER WOODLAND, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Ivesia baileyi var. baileyi Bailey's ivesia 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST.

Ivesia baileyi var. beneolens Owyhee ivesia 7 5 2.3 PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Ivesia callida Tahquitz ivesia 7 3 1B.3 UPPER MONTANE CONIFEROUS FOREST.

Ivesia campestris field ivesia 7 5 1B.2 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, MEADOWS.

Ivesia jaegeri Jaeger's ivesia 7 5 1B.3 PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Ivesia kingii var. kingii alkali ivesia 7 5 2.2 MEADOWS, GREAT BASIN SCRUB, PLAYAS.

Ivesia longibracteata Castle Crags ivesia 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Ivesia paniculata Ash Creek ivesia 7 5 1B.2 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Ivesia patellifera Kingston Mountains ivesia 7 5 1B.3 PINYON-JUNIPER WOODLAND.

Ivesia pickeringii Pickering's ivesia 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Ivesia sericoleuca Plumas ivesia 7 5 1B.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST,  MEADOWS, VERNAL POOLS.

Ivesia webberi Webber's ivesia 5 5 1B.1 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST.

Johanneshowellia puberula downy buckwheat 7 5 2.3 PINYON=JUNIPER WOODLAND.

Juglans hindsii Northern California black walnut 7 5 1B.1 RIPARIAN FOREST, RIPARIAN WOODLAND.  FEW EXTANT NATIVE STANDS REMAIN; WIDELY NATURALIZED.

Koeberlinia spinosa ssp. tenuispina slender-spined all-thorn 7 5 2.2 SONORAN DESERT SCRUB, RIPARIAN WOODLAND.

Kopsiopsis hookeri small groundcone 7 5 2.3 NORTH COAST CONIFEROUS FOREST.

Lasthenia burkei Burke's goldfields 1 1 1B.1 VERNAL POOLS, MEADOWS AND SEEPS.

Lasthenia californica ssp. bakeri Baker's goldfields 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, COASTAL SCRUB.

Lasthenia californica ssp. macrantha perennial goldfields 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL DUNES, COASTAL SCRUB.

Lasthenia conjugens Contra Costa goldfields 1 5 1B.1 VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS, CISMONTANE WOODLAND. EXTIRPATED FROM MOST OF ITS RANGE; EXTREM. ENDANGERED.

Lasthenia glabrata ssp. coulteri Coulter's goldfields 7 5 1B.1 COASTAL SALT MARSHES, PLAYAS, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Lathyrus biflorus two-flowered pea 7 5 1B.1 LOWER MONTANE CONIFEROUS FOREST.

Lathyrus hitchcockianus Bullfrog Mountain pea 7 5 1B.3 MOJAVEAN DESERT SCRUB.

Lathyrus japonicus seaside pea 7 5 2.1 COASTAL DUNES.

Lathyrus jepsonii var. jepsonii Delta tule pea 7 5 1B.2 FRESHWATER AND BRACKISH MARSHES.

Lathyrus palustris marsh pea 7 5 2.2 BOGS & FENS, LOWER MONTANE CONIF. FOREST, MARSHES & SWAMPS, N. COAST CONIFEROUS FOREST, COASTAL PRAIRIE, COASTAL SCRUB.

Lathyrus rigidus rigid pea 7 5 2.2 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Lavatera assurgentiflora ssp. assurgentiflora island mallow 7 5 1B.1 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Lavatera assurgentiflora ssp. glabra southern island mallow 7 5 1B.1 COASTAL BLUFF SCRUB.

Layia carnosa beach layia 1 1 1B.1 COASTAL DUNES.  HUGELY REDUCED IN RANGE ALONG CALIFORNIA'S NORTH COAST DUNES.

Layia discoidea rayless layia 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Layia heterotricha pale-yellow layia 7 5 1B.1 CISMONTANE WOODLAND, PINYON-JUNIPER WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Layia jonesii Jones' layia 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Layia leucopappa Comanche Point layia 7 5 1B.1 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Layia munzii Munz's tidy-tips 7 5 1B.2 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Layia septentrionalis Colusa layia 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Legenere limosa legenere 7 5 1B.1 VERNAL POOLS.  MANY HISTORICAL OCCURRENCES ARE EXTIRPATED.

Lepechinia cardiophylla heart-leaved pitcher sage 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND.

Lepechinia ganderi Gander's pitcher sage 7 5 1B.3 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Lepechinia rossii Ross' pitcher sage 7 5 1B.2 CHAPARRAL.

Lepidium flavum var. felipense Borrego Valley pepper-grass 7 5 1B.2 SONORAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Lepidium jaredii ssp. album Panoche pepper-grass 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.
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Lepidium jaredii ssp. jaredii Jared's pepper-grass 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Lepidium latipes var. heckardii Heckard's pepper-grass 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Lepidium virginicum var. robinsonii Robinson's pepper-grass 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Leptosiphon croceus coast yellow leptosiphon 7 5 1B.1 COASTAL BLUFF SCRUB, COASTAL PRAIRIE.

Leptosiphon floribundus ssp. hallii Santa Rosa Mountains leptosiphon 7 5 1B.3 SONORAN DESERT SCRUB.

Leptosiphon jepsonii Jepson's leptosiphon 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Leptosiphon nuttallii ssp. howellii Mt. Tedoc leptosiphon 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Leptosiphon pygmaeus ssp. pygmaeus pygmy leptosiphon 7 5 1B.2 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Leptosiphon rosaceus rose leptosiphon 7 5 1B.1 COASTAL BLUFF SCRUB.

Leptosiphon serrulatus Madera leptosiphon 7 5 1B.2 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Leptosyne hamiltonii Mt. Hamilton coreopsis 7 5 1B.2 CISMONTANE WOODLAND.

Leptosyne maritima sea dahlia 7 5 2.2 COASTAL SCRUB, COASTAL BLUFF SCRUB.

Lessingia arachnoidea Crystal Springs lessingia 7 5 1B.2 COASTAL SAGE SCRUB, VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Lessingia germanorum San Francisco lessingia 1 1 1B.1 COASTAL SCRUB.

Lessingia glandulifera var. tomentosa Warner Springs lessingia 7 5 1B.3 CHAPARRAL.

Lessingia micradenia var. glabrata smooth lessingia 7 5 1B.2 CHAPARRAL.

Lessingia micradenia var. micradenia Tamalpais lessingia 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Lewisia brachycalyx short-sepaled lewisia 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Lewisia cantelovii Cantelow's lewisia 7 5 1B.2 BROADFLEAFED UPLAND FOREST, LOWER MONTANE CONIFEROUS FOREST, CISMONTANE WOODLAND, CHAPARRAL.

Lewisia congdonii Congdon's lewisia 7 3 1B.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, CISMONTANE WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Lewisia cotyledon var. heckneri Heckner's lewisia 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Lewisia disepala Yosemite lewisia 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Lewisia longipetala long-petaled lewisia 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Lewisia oppositifolia opposite-leaved lewisia 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST.

Lewisia serrata saw-toothed lewisia 7 5 1B.1 BROADLEAFED UPLAND FOREST, LOWER MONTANE CONIFEROUS FOREST, RIPARIAN FOREST.

Lewisia stebbinsii Stebbins' lewisia 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST, LOWER MONTANE CONIFEROUS FOREST.

Lilaeopsis masonii Mason's lilaeopsis 7 3 1B.1 FRESHWATER AND BRACKISH MARSHES, RIPARIAN SCRUB.

Limnanthes bakeri Baker's meadowfoam 7 3 1B.1 FRESHWATER MARSH, VALLEY AND FOOTHILL GRASSLAND, MEADOWS AND SEEPS, VERNAL POOLS.

Limnanthes douglasii ssp. sulphurea Point Reyes meadowfoam 7 1 1B.2 FRESH. MARSH, VERNAL POOLS, COASTAL PRAIRIE, MEADOWS & SEEPS, CISMONTANE  WOODLAND.

Limnanthes floccosa ssp. bellingeriana Bellinger's meadowfoam 7 5 1B.2 MEADOWS AND SEEPS, CISMONTANE WOODLAND.

Limnanthes floccosa ssp. californica Butte County meadowfoam 1 1 1B.1 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Limnanthes gracilis ssp. parishii Parish's meadowfoam 7 1 1B.2 MEADOWS AND SEEPS, VERNAL POOLS.

Limnanthes vinculans Sebastopol meadowfoam 1 1 1B.1 MESIC MEADOWS, VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Limosella subulata Delta mudwort 7 5 2.1 RIPARIAN SCRUB, FRESHWATER MARSH, BRACKISH MARSH.  PROBABLY THE RAREST OF THE SUITE OF DELTA RARE PLANTS.

Linanthus bellus desert beauty 7 5 2.3 CHAPARRAL.

Linanthus concinnus San Gabriel linanthus 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Linanthus jaegeri San Jacinto linanthus 7 5 1B.2 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Linanthus killipii Baldwin Lake linanthus 7 5 1B.2 ALKALINE MEADOWS, PEBBLE PLAIN, PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Linanthus maculatus Little San Bernardino Mtns. linanthus 7 5 1B.2 DESERT DUNES, SONORAN DESERT SCRUB, MOJAVEAN DESERT SCRUB, JOSHUA TREE WOODLAND.

Linanthus orcuttii Orcutt's linanthus 7 5 1B.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Linum puberulum plains flax 7 5 2.3 PINYON AND JUNIPER WOODLAND, GREAT BASIN SCRUB, JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Lithophragma maximum San Clemente Island woodland star 1 1 1B.1 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Lithospermum incisum plains stoneseed 7 5 2.3 PINYON-JUNIPER WOODLAND.

Loeflingia squarrosa var. artemisiarum sagebrush loeflingia 7 5 2.2 GREAT BASIN SCRUB, SONORAN DESERT SCRUB, DESERT DUNES.

Lomatium congdonii Congdon's lomatium 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL.

Lomatium foeniculaceum var. macdougalii Macdougal's lomatium 7 5 2.2 CHENOPOD SCRUB, GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Lomatium grayi Gray's lomatium 7 5 2.3 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Lomatium hendersonii Henderson's lomatium 7 5 2.3 PINYON-JUNIPER WOODLAND, GREAT BASIN SCRUB.

Lomatium insulare San Nicolas Island lomatium 7 5 1B.2 COASTAL BLUFF SCRUB.

Lomatium martindalei Coast Range lomatium 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST, COASTAL BLUFF SCRUB, MEADOWS.

Lomatium observatorium Mt. Hamilton lomatium 7 5 1B.2 CISMONTANE WOODLAND.

Lomatium peckianum Peck's lomatium 7 5 2.2 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST, PINYON AND JUNIPER WOODLAND.

Lomatium ravenii Raven's lomatium 7 5 2.3 GREAT BASIN SCRUB.

Lomatium roseanum adobe lomatium 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, GREAT BASIN SCRUB.

Lomatium shevockii Owens Peak lomatium 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Lomatium stebbinsii Stebbins' lomatium 7 5 1B.1 LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Lonicera subspicata var. subspicata Santa Barbara honeysuckle 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB.

Lotus nuttallianus Nuttall's lotus 7 5 1B.1 COASTAL DUNES, COASTAL SCRUB.

Lupinus antoninus Anthony Peak lupine 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST, LOWER MONTANE CONIFEROUS FOREST.

Lupinus citrinus var. citrinus orange lupine 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Lupinus citrinus var. deflexus Mariposa lupine 7 2 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Lupinus constancei The Lassics lupine 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Lupinus duranii Mono Lake lupine 7 5 1B.2 GREAT BASIN SCRUB, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Lupinus elmeri South Fork Mtn. lupine 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Lupinus excubitus var. medius Mountain Springs bush lupine 7 5 1B.3 PINYON AND JUNIPER WOODLAND, SONORAN DESERT SCRUB.

Lupinus gracilentus slender lupine 7 5 1B.3 SUBALPINE CONIFEROUS FOREST.
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Lupinus guadalupensis Guadalupe Island lupine 7 5 1B.2 COASTAL SCRUB.

Lupinus holmgrenianus Holmgren's lupine 7 5 2.3 PINYON AND JUNIPER WOODLAND.

Lupinus latifolius var. barbatus bearded lupine 7 5 1B.2 UPPER MONTANE CONIFEROUS FOREST.

Lupinus lepidus var. culbertsonii Hockett Meadows lupine 7 5 1B.3 MEADOWS, UPPER MONTANE CONIFEROUS FOREST.

Lupinus ludovicianus San Luis Obispo County lupine 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Lupinus magnificus var. hesperius Mcgee Meadows lupine 7 5 1B.3 GREAT BASIN SCRUB, UPPER MONTANE CONIFEROUS FOREST.

Lupinus magnificus var. magnificus Panamint Mountains lupine 7 5 1B.2 GREAT BASIN SCRUB, MOJAVEAN DESERT SCRUB, UPPER MONTANE CONIFEROUS FOREST.

Lupinus milo-bakeri Milo Baker's lupine 7 2 1B.1 CISMONTANE WOODLAND,  VALLEY AND FOOTHILL GRASSLAND.

Lupinus nipomensis Nipomo Mesa lupine 1 1 1B.1 COASTAL DUNES.

Lupinus padre-crowleyi Father Crowley's lupine 7 3 1B.2 GREAT BASIN SCRUB, RIPARIAN SCRUB, RIPARIAN FOREST, UPPER MONTANE CONIFEROUS FOREST.

Lupinus peirsonii Peirson's lupine 7 5 1B.3 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Lupinus pusillus var. intermontanus intermontane lupine 7 5 2.3 GREAT BASIN SCRUB.

Lupinus sericatus Cobb Mountain lupine 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Lupinus spectabilis shaggyhair lupine 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Lupinus tidestromii Tidestrom's lupine 1 1 1B.1 COASTAL DUNES.  INCLUDES LUPINUS TIDESTROMII VAR. TIDESTROMII, STATE-LISTED ENDANGERED.

Lupinus uncialis lilliput lupine 7 5 2.2 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Lycium brevipes var. hassei Santa Catalina Island desert-thorn 7 5 1B.1 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Lycium parishii Parish's desert-thorn 7 5 2.3 COASTAL SCRUB, SONORAN DESERT SCRUB.

Lycium verrucosum San Nicolas Island desert-thorn 7 5 1A COASTAL SCRUB.

Lyonothamnus floribundus ssp. aspleniifolius Santa Cruz Island ironwood 7 5 1B.2 BROADLEAFED UPLAND FOREST, CHAPARRAL, CISMONTANE WOODLAND.

Lyonothamnus floribundus ssp. floribundus Santa Catalina Island ironwood 7 5 1B.2 BROADLEAFED UPLAND FOREST, CHAPARRAL, CISMONTANE WOODLAND.

Lysimachia thyrsiflora tufted loosestrife 7 5 2.3 MEADOWS (MESIC), MARSHES, UPPER MONTANE CONIFEROUS FOREST.

Madia radiata showy golden madia 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND, CHENOPOD SCRUB.

Malacothamnus abbottii Abbott's bush-mallow 7 5 1B.1 RIPARIAN SCRUB.

Malacothamnus aboriginum Indian Valley bush-mallow 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL.

Malacothamnus arcuatus arcuate bush-mallow 7 5 1B.2 CHAPARRAL.

Malacothamnus clementinus San Clemente Island bush-mallow 1 1 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Malacothamnus davidsonii Davidson's bush-mallow 7 5 1B.2 COASTAL SCRUB, RIPARIAN WOODLAND, CHAPARRAL.

Malacothamnus fasciculatus var. nesioticus Santa Cruz Island bush-mallow 1 1 1B.1 COASTAL SCRUB, CHAPARRAL.

Malacothamnus hallii Hall's bush-mallow 7 5 1B.2 CHAPARRAL.

Malacothamnus mendocinensis Mendocino bush-mallow 7 5 1A CISMONTANE WOODLAND.

Malacothamnus palmeri var. involucratus Carmel Valley bush-mallow 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL.

Malacothamnus palmeri var. lucianus Arroyo Seco bush-mallow 7 5 1B.2 CHAPARRAL, MEADOWS AND SEEPS.

Malacothamnus palmeri var. palmeri Santa Lucia bush-mallow 7 5 1B.2 CHAPARRAL.

Malacothamnus parishii Parish's bush-mallow 7 5 1A CHAPARRAL, COASTAL SAGE SCRUB.

Malacothrix foliosa ssp. crispifolia wavy-leaved malacothrix 7 5 1B.2 COASTAL SCRUB.

Malacothrix foliosa ssp. philbrickii Philbrick's malacothrix 7 5 1B.2 COASTAL SCRUB.

Malacothrix indecora Santa Cruz Island malacothrix 1 5 1B.1 COASTAL DUNES, COASTAL BLUFF SCRUB, CHAPARRAL.

Malacothrix junakii Junak's malcothrix 7 5 1B.1 COASTAL SCRUB.

Malacothrix saxatilis var. arachnoidea Carmel Valley malacothrix 7 5 1B.2 CHAPARRAL.

Malacothrix similis Mexican malacothrix 7 5 1A COASTAL DUNES.

Malacothrix squalida island malacothrix 1 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND, COASTAL BLUFF SCRUB.

Malperia tenuis brown turbans 7 5 2.3 SONORAN DESERT SCRUB.

Mammillaria grahamii var. grahamii Graham fishhook cactus 7 5 2.2 SONORAN DESERT SCRUB.

Marina orcuttii var. orcuttii California marina 7 5 1B.3 PINYON AND JUNIPER WOODLAND, SONORAN DESERT SCRUB, CHAPARRAL.

Matelea parvifolia spear-leaf matelea 7 5 2.3 MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB.

Maurandella antirrhiniflora violet twining snapdragon 7 5 2.3 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Meconella oregana Oregon meconella 7 5 1B.1 COASTAL PRAIRIE, COASTAL SCRUB.

Menodora scabra rough menodora 7 5 2.3 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND.

Menodora spinescens var. mohavensis Mojave menodora 7 5 1B.2 MOJAVEAN DESERT SCRUB.

Mentzelia hirsutissima hairy stickleaf 7 5 2.3 SONORAN DESERT SCRUB.

Mentzelia inyoensis Inyo blazing star 7 5 1B.3 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Mentzelia polita polished blazing star 7 5 1B.2 MOJAVEAN DESERT SCRUB.

Mentzelia pterosperma wing-seed blazing star 7 5 2.2 MOJAVEAN DESERT SCRUB.

Mentzelia puberula Darlington's blazing star 7 5 2.2 MOJAVE DESERT SCRUB.

Mentzelia torreyi Torrey's blazing star 7 5 2.2 GREAT BASIN SCRUB, MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Mentzelia tricuspis spiny-hair blazing star 7 5 2.1 MOJAVEAN DESERT SCRUB.

Mentzelia tridentata creamy blazing star 7 5 1B.3 MOJAVEAN DESERT SCRUB.

Mertensia bella Oregon lungwort 7 5 2.2 MEADOWS AND SEEPS, UPPER MONTANE CONIFEROUS FOREST.

Mertensia cusickii Toiyabe bluebells 7 5 2.2 GREAT BASIN SCRUB, MEADOWS AND SEEPS.

Mertensia longiflora long bluebells 7 5 2.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST.

Mertensia oblongifolia var. amoena beautiful sagebrush bluebells 7 5 2.2 GREAT BASIN SCRUB, MEADOWS AND SEEPS.

Mertensia oblongifolia var. oblongifolia sagebrush bluebells 7 5 2.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, SUBALPINE CONIFEROUS FOREST.

Micromonolepis pusilla dwarf monolepis 7 5 2.3 GREAT BASIN SCRUB.

Microseris borealis northern microseris 7 5 2.1 BOGS AND FENS, MEADOWS AND SEEPS, LOWER MONTANE CONIFEROUS FOREST.

Microseris laciniata ssp. detlingii Detling's silverpuffs 7 5 2.2 CISMONTANE WOODLAND.

CAL FIRE Vegetation Treatment Program Draft EIR Appendix B Page 17 Appendices



SNAME CNAME FEDLIST CALLIST CNPSLIST GENHAB

Microseris paludosa marsh microseris 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST,CISMONTANE WOODLAND, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Mimulus brandegeei Santa Cruz Island monkeyflower 7 5 1A VALLEY AND FOOTHILL GRASSLAND.

Mimulus cusickii Cusick's monkeyflower 7 5 2.3 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST.

Mimulus evanescens ephemeral monkeyflower 7 5 1B.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Mimulus exiguus San Bernardino Mountains monkeyflower 7 5 1B.2 MEADOWS AND SEEPS, PEBBLE PLAINS, UPPER MONTANE CONIFEROUS FOREST.

Mimulus filicaulis slender-stemmed monkeyflower 7 5 1B.2 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, UPPER MONTANE CONIFEROUS FOREST.

Mimulus fremontii var. vandenbergensis Vandenberg monkeyflower 5 5 1B.1 CISMONTANE WOODLAND, CHAPARRAL (BURTON MESA).

Mimulus glabratus ssp. utahensis Utah monkeyflower 7 5 2.1 MEADOWS AND SEEPS, PINYON AND JUNIPER WOODLAND.

Mimulus gracilipes slender-stalked monkeyflower 7 5 1B.2 CHAPARRAL.

Mimulus mohavensis Mojave monkeyflower 7 5 1B.2 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Mimulus norrisii Kaweah monkeyflower 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND.

Mimulus parryi Parry's monkeyflower 7 5 2.3 GREAT BASIN SCRUB.

Mimulus pictus calico monkeyflower 7 5 1B.2 BROADLEAFED UPLAND FOREST, CISMONTANE WOODLAND.

Mimulus pulchellus yellow-lip pansy monkeyflower 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Mimulus purpureus little purple monkeyflower 7 5 1B.2 MEADOWS AND SEEPS, PEBBLE  PLAIN, UPPER MONTANE CONIFEROUS FOREST.

Mimulus shevockii Kelso Creek monkeyflower 7 5 1B.2 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND.

Mimulus traskiae Santa Catalina Island monkeyflower 7 5 1A COASTAL SCRUB.

Mimulus whipplei Whipple's monkeyflower 7 5 1A LOWER MONTANE CONIFEROUS FOREST.

Minuartia decumbens The lassics sandwort 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Minuartia howellii Howell's sandwort 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Minuartia stolonifera Scott Mountain sandwort 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Minuartia stricta bog sandwort 7 5 2.3 MEADOWS, ALPINE COMMUNITIES.

Mirabilis coccinea red four o'clock 7 5 2.3 PINYON-JUNIPER WOODLAND.

Monarda pectinata plains bee balm 7 5 2.3 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND.

Monardella australis ssp. jokerstii Jokerst's monardella 7 5 1B.1 LOWER MONTANE CONIFEROUS FOREST, CHAPPARAL.

Monardella beneolens sweet-smelling monardella 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Monardella boydii Boyd's monardella 7 5 1B.2 MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLAND, RIPARIAN SCRUB (DESERT).

Monardella crispa crisp monardella 7 5 1B.2 COASTAL DUNES, COASTAL SCRUB.

Monardella douglasii ssp. venosa veiny monardella 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Monardella eremicola Clark Mountain monardella 7 5 1B.3 PINYON-JUNIPER WOODLAND, RIPARIAN SCRUB (DESERT).

Monardella follettii Follett's monardella 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Monardella frutescens San Luis Obispo monardella 7 5 1B.2 COASTAL DUNES, COASTAL SCRUB.

Monardella hypoleuca ssp. lanata felt-leaved monardella 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Monardella leucocephala Merced monardella 7 5 1A VALLEY AND FOOTHILL GRASSLAND.

Monardella linoides ssp. oblonga Tehachapi monardella 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Monardella macrantha ssp. hallii Hall's monardella 7 5 1B.3 BROADLEAVED UPLAND FOREST, CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, CISMONTANE WOODLAND, VALLEY & FOOTHILL GRASSLAND.

Monardella nana ssp. leptosiphon San Felipe monardella 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Monardella palmeri Palmer's monardella 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL.

Monardella pringlei Pringle's monardella 7 5 1A COASTAL SCRUB.

Monardella robisonii Robison's monardella 7 5 1B.3 PINYON-JUNIPER WOODLAND, JOSHUA TREE WOODLAND.

Monardella stebbinsii Stebbins' monardella 7 5 1B.2 BROADLEAVED UPLAND FOREST, CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Monardella stoneana Jennifer's monardella 7 5 1B.2 COASTAL SCRUB, CHAPARRAL, CLOSED CONE CONIFEROUS FOREST, RIPARIAN SCRUB.

Monardella viminea willowy monardella 1 1 1B.1 COASTAL SCRUB/ALLUVIAL EPHEMERAL WASHES WITH ADJACENT COASTAL SCRUB, CHAPARRAL, OR SYCAMORE WOODLAND.

Monolopia congdonii San Joaquin woollythreads 1 5 1B.2 CHENOPOD SCRUB AND VALLEY AND FOOTHILL GRASSLAND.

Monolopia gracilens woodland woollythreads 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLANDS (SERPENTINE), CISMONTANE WOODLAND, BROADLEAFED UPLAND FORESTS, NORTH COAST CON

Monotropa uniflora ghost-pipe 7 5 2.2 BROADLEAVED UPLAND FOREST, NORTH COAST CONIFEROUS FOREST.

Montia howellii Howell's montia 7 5 2.2 MEADOWS, NORTH COAST CONIFEROUS FOREST, VERNAL POOLS.

Munzothamnus blairii Blair's munzothamnus 7 5 1B.2 COASTAL SCRUB, COASTAL BLUFF SCRUB.

Nama dichotomum var. dichotomum forked purple mat 7 5 2.3 PINYON-JUNIPER WOODLAND.

Nama stenocarpum mud nama 7 5 2.2 MARSHES AND SWAMPS.

Nasturtium gambelii Gambel's water cress 1 2 1B.1 MARSHES AND SWAMPS.

Navarretia fossalis spreading navarretia 2 5 1B.1 VERNAL POOLS, CHENOPOD SCRUB, MARSHES AND SWAMPS, PLAYAS.

Navarretia gowenii Lime Ridge navarretia 7 5 1B.1 CHAPARRAL

Navarretia leucocephala ssp. bakeri Baker's navarretia 7 5 1B.1 CISMONTANE WOODLAND, MEADOWS AND SEEPS, VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND, LOWER MONTANE CONIFEROUS FOREST.

Navarretia leucocephala ssp. pauciflora few-flowered navarretia 1 2 1B.1 VERNAL POOLS.

Navarretia leucocephala ssp. plieantha many-flowered navarretia 1 1 1B.2 VERNAL POOLS.

Navarretia myersii ssp. deminuta small pincushion navarretia 7 5 1B.1 VERNAL POOLS.

Navarretia myersii ssp. myersii pincushion navarretia 7 5 1B.1 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Navarretia nigelliformis ssp. radians shining navarretia 7 5 1B.2 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Navarretia ojaiensis Ojai navarretia 7 5 1B.1 CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Navarretia peninsularis Baja navarretia 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Navarretia prostrata prostrate vernal pool navarretia 7 5 1B.1 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Navarretia rosulata Marin County navarretia 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST,  CHAPARRAL.

Navarretia setiloba Piute Mountains navarretia 7 5 1B.1 CISMONTANE WOODLAND, PINYON-JUNIPER WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Nemacaulis denudata var. denudata coast woolly-heads 7 5 1B.2 COASTAL DUNES.

Nemacaulis denudata var. gracilis slender cottonheads 7 5 2.2 COASTAL DUNES, DESERT DUNES, SONORAN DESERT SCRUB.
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Nemacladus calcaratus Chimney Creek nemacladus 7 5 1B.2 PINYON JUNIPER WOODLAND.

Nemacladus secundiflorus var. robbinsii Robbins' nemacladus 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Nemacladus twisselmannii Twisselmann's nemacladus 7 3 1B.2 UPPER MONTANE CONIFEROUS FOREST.

Nemophila breviflora Great Basin nemophila 7 5 2.3 GREAT BASIN SCRUB, MEADOWS AND SEEPS, UPPER MONTANE CONIFEROUS FOREST.

Neviusia cliftonii Shasta snow-wreath 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, RIPARIAN WOODLAND.

Nitrophila mohavensis Amargosa nitrophila 1 1 1B.1 ALKALI PLAYA, MEADOWS AND SEEPS.

Noccaea fendleri ssp. californica Kneeland Prairie pennycress 1 5 1B.1 BROADLEAFED UPLAND FOREST, COASTAL PRAIRIE.

Oenothera californica ssp. eurekensis Eureka Dunes evening-primrose 1 3 1B.2 DESERT DUNES.

Oenothera cavernae cave evening-primrose 7 5 2.1 GREAT BASIN SCRUB, JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Oenothera deltoides ssp. howellii Antioch Dunes evening-primrose 1 1 1B.1 INTERIOR DUNES.

Oenothera longissima long-stem evening-primrose 7 5 2.2 MOJAVEAN DESERT SCRUB, PINYON AND JUNIPER WOODLANDS.

Oenothera wolfii Wolf's evening-primrose 7 5 1B.1 COASTAL BLUFF SCRUB, COASTAL DUNES, COASTAL PRAIRIE, LOWER MONTANE CONIFEROUS FOREST.

Opuntia basilaris var. brachyclada short-joint beavertail 7 5 1B.2 CHAPARRAL, JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND, RIPARIAN WOODLAND.

Opuntia basilaris var. treleasei Bakersfield cactus 1 1 1B.1 CHENOPOD SCRUB, VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Opuntia californica var. californica snake cholla 7 5 1B.1 CHAPARRAL, COASTAL SCRUB.

Opuntia curvispina curved-spine beavertail 7 5 2.2 CHAPARRAL, MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Opuntia fragilis brittle prickly-pear 7 5 2.1 PINYON-JUNIPER WOODLAND.

Oreonana purpurascens purple mountain-parsley 7 5 1B.2 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, BROADLEAFED UPLAND FOREST.

Oreonana vestita woolly mountain-parsley 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Oreostemma elatum tall alpine-aster 7 5 1B.2 BOGS AND FENS, MEADOWS AND SEEPS, UPPER MONTANE CONIFEROUS FOREST.

Ornithostaphylos oppositifolia Baja California birdbush 7 1 2.1 CHAPARRAL.

Orobanche ludoviciana var. arenosa Suksdorf's broom-rape 7 5 2.3 GREAT BASIN SCRUB.

Orobanche valida ssp. valida Rock Creek broomrape 7 5 1B.2 CHAPARRAL, PINYON-JUNIPER WOODLAND.

Orthocarpus pachystachyus Shasta orthocarpus 7 5 1B.1 GREAT BASIN SCRUB, MEADOWS AND SEEPS (?), VALLEY AND FOOTHILL GRASSLAND.

Oryctes nevadensis Nevada oryctes 7 5 2.1 CHENOPOD SCRUB, MOJAVEAN DESERT SCRUB.

Osmorhiza depauperata blunt-fruited sweet-cicely 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST.

Oxytheca watsonii Watson's oxytheca 7 5 2.2 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Oxytropis deflexa var. sericea blue pendent-pod oxytrope 7 5 2.1 UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Oxytropis oreophila var. oreophila rock-loving oxytrope 7 5 2.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Packera bernardina San Bernardino ragwort 7 5 1B.2 MEADOWS AND SEEPS, PEBBLE PLAINS, UPPER MONTANE CONIFEROUS FOREST.

Packera bolanderi var. bolanderi seacoast ragwort 7 5 2.2 COASTAL SCRUB, NORTH COAST CONIFEROUS FOREST.

Packera eurycephala var. lewisrosei Lewis Rose's ragwort 7 5 1B.2 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Packera ganderi Gander's ragwort 7 3 1B.2 CHAPARRAL.

Packera hesperia western ragwort 7 5 2.2 UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Packera indecora rayless mountain ragwort 7 5 2.2 MEADOWS AND SEEPS.

Packera layneae Layne's ragwort 2 3 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Palafoxia arida var. gigantea giant spanish-needle 7 5 1B.3 DESERT DUNES.

Parnassia cirrata var. cirrata San Bernardino grass-of-Parnassus 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Parnassia cirrata var. intermedia Cascade grass-of-Parnassus 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, BOGS AND FENS.

Parnassia parviflora small-flowered grass-of-Parnassus 7 5 2.2 MEADOWS AND SEEPS.

Paronychia ahartii Ahart's paronychia 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS, CISMONTANE WOODLAND.

Pedicularis centranthera Great Basin lousewort 7 5 2.3 GREAT BASIN SCRUB.

Pedicularis crenulata scalloped-leaved lousewort 7 5 2.2 MEADOWS AND SEEPS.

Pedicularis dudleyi Dudley's lousewort 7 3 1B.2 CHAPARRAL, NORTH COAST CONIFEROUS FOREST, VALLEY AND FOOTHILL GRASSLAND.

Pediomelum castoreum Beaver Dam breadroot 7 5 1B.2 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Penstemon albomarginatus white-margined beardtongue 7 5 1B.1 MOJAVEAN DESERT SCRUB, DESERT DUNES.

Penstemon barnebyi Barneby's beardtongue 7 5 2.1 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Penstemon bicolor ssp. roseus rosy two-toned beardtongue 7 5 1B.1 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Penstemon calcareus limestone beardtongue 7 5 1B.3 MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND, JOSHUA TREE WOODLAND.

Penstemon californicus California beardtongue 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Penstemon filiformis thread-leaved beardtongue 7 5 1B.3 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Penstemon fruticiformis var. amargosae Amargosa beardtongue 7 5 1B.3 MOJAVEAN DESERT SCRUB.

Penstemon janishiae Janish's beardtongue 7 5 2.2 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Penstemon newberryi var. sonomensis Sonoma beardtongue 7 5 1B.3 CHAPARRAL.

Penstemon pahutensis Pahute beardtongue 7 5 2.3 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Penstemon personatus closed-throated beardtongue 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Penstemon rattanii var. kleei Santa Cruz Mountains beardtongue 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Penstemon stephensii Stephens' beardtongue 7 5 1B.3 MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Penstemon sudans Susanville beardtongue 7 5 1B.3 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Penstemon thompsoniae Thompson's beardtongue 7 5 2.3 PINYON-JUNIPER WOODLAND.

Penstemon tracyi Tracy's beardtongue 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST.

Penstemon utahensis Utah beardtongue 7 5 2.3 CHENOPOD SCRUB, GREAT BASIN SCRUB, MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Pentachaeta aurea ssp. allenii Allen's pentachaeta 7 5 1B.1 VALLEY AND FOOTHILL GRASSLANDS, COASTAL SCRUB.

Pentachaeta bellidiflora white-rayed pentachaeta 1 1 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Pentachaeta exilis ssp. aeolica San Benito pentachaeta 7 5 1B.2 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Pentachaeta lyonii Lyon's pentachaeta 1 1 1B.1 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.
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Perideridia parishii ssp. parishii Parish's yampah 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS, UPPER MONTANE CONIFEROUS FOREST.

Perityle inyoensis Inyo rock daisy 7 5 1B.2 PINYON AND JUNIPER WOODLAND.

Perityle villosa Hanaupah rock daisy 7 5 1B.3 PINYON AND JUNIPER WOODLAND.

Petalonyx thurberi ssp. gilmanii Death Valley sandpaper-plant 7 5 1B.3 DESERT DUNES, MOJAVEAN DESERT SCRUB.

Peteria thompsoniae spine-noded milk vetch 7 5 2.3 MOJAVEAN DESERT SCRUB.

Petrophyton caespitosum ssp. acuminatum marble rockmat 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Phacelia anelsonii Aven Nelson's phacelia 7 5 2.3 JOSHUA TREE WOODLAND, PINYON AND JUNIPER WOODLAND.

Phacelia argentea sand dune phacelia 7 5 1B.1 COASTAL DUNES.

Phacelia barnebyana Barneby's phacelia 7 5 2.3 GREAT BASIN SCRUB, PINYON AND JUNIPER WOODLAND.

Phacelia ciliata var. opaca Merced phacelia 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Phacelia coerulea sky-blue phacelia 7 5 2.3 MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Phacelia cookei Cooke's phacelia 7 5 1B.1 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST.

Phacelia floribunda many-flowered phacelia 7 5 1B.2 COASTAL SCRUB.

Phacelia greenei Scott Valley phacelia 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, LOWER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIF FOREST.

Phacelia gymnoclada naked-stemmed phacelia 7 5 2.3 CHENOPOD SCRUB, GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Phacelia insularis var. continentis North Coast phacelia 7 5 1B.2 COASTAL BLUFF SCRUB, COASTAL DUNES.

Phacelia insularis var. insularis northern Channel Islands phacelia 1 5 1B.2 VALLEY AND FOOTHILL GRASSLAND, COASTAL DUNES.

Phacelia inundata playa phacelia 7 5 1B.3 GREAT BASIN SCRUB, LOWER MONTANE CONIFEROUS FOREST, PLAYAS.

Phacelia inyoensis Inyo phacelia 7 5 1B.2 MEADOWS AND SEEPS.

Phacelia keckii Santiago Peak phacelia 7 5 1B.3 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Phacelia leonis Siskiyou phacelia 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Phacelia monoensis Mono County phacelia 7 5 1B.1 GREAT BASIN SCRUB, PINYON AND JUNIPER WOODLAND, MEADOWS AND SEEPS.

Phacelia mustelina Death Valley round-leaved phacelia 7 5 1B.3 PINYON-JUNIPER WOODLAND; MOJAVEAN DESERT SCRUB.

Phacelia nashiana Charlotte's phacelia 7 5 1B.2 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB, PINYON-JUNIPER WOODLAND.

Phacelia novenmillensis Nine Mile Canyon phacelia 7 5 1B.2 BROADLEAFED UPLAND FOREST, PINYON AND JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST, CISMONTANE WOODLAND.

Phacelia parishii Parish's phacelia 7 5 1B.1 MOJAVEAN DESERT SCRUB, PLAYAS.

Phacelia perityloides var. jaegeri Jaeger's phacelia 7 5 1B.3 PINYON-JUNIPER WOODLAND.

Phacelia phacelioides Mt. Diablo phacelia 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Phacelia pulchella var. gooddingii Goodding's phacelia 7 5 2.3 MOJAVEAN DESERT SCRUB.

Phacelia sericea var. ciliosa blue alpine phacelia 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST.

Phacelia stebbinsii Stebbins' phacelia 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, CISMONTANE WOODLAND, MEADOWS AND SEEPS, RIPARIAN WOODLAND.

Phacelia stellaris Brand's star phacelia 5 5 1B.1 COASTAL SCRUB, COASTAL DUNES.

Phaseolus filiformis slender-stem bean 7 5 2.1 SONORAN DESERT SCRUB.

Phlox dolichantha Big Bear Valley phlox 7 5 1B.2 PEBBLE PLAINS, UPPER MONTANE CONIFEROUS FOREST.

Phlox hirsuta Yreka phlox 1 1 1B.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Phlox muscoides squarestem phlox 7 5 2.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST, GREAT BASIN SCRUB.

Pholisma sonorae sand food 7 5 1B.2 DESERT DUNES.

Pholistoma auritum var. arizonicum Arizona pholistoma 7 5 2.3 MOJAVEAN DESERT SCRUB.

Physalis lobata lobed ground-cherry 7 5 2.3 MOJAVEAN DESERT SCRUB, PLAYAS.

Physaria chambersii Chambers' physaria 7 5 2.3 PINYON-JUNIPER WOODLAND.

Physaria kingii ssp. bernardina San Bernardino Mountains bladderpod 1 5 1B.1 PINYON AND JUNIPER WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Physaria ludoviciana silver bladderpod 7 5 2.2 GREAT BASIN SCRUB.

Physocarpus alternans Nevada ninebark 7 5 2.3 PINYON-JUNIPER WOODLAND.

Pinguicula macroceras horned butterwort 7 5 2.2 BOGS AND FENS, MEADOWS AND SEEPS.

Plagiobothrys chorisianus var. chorisianus Choris' popcorn-flower 7 5 1B.2 CHAPARRAL, COASTAL SCRUB, COASTAL PRAIRIE.

Plagiobothrys diffusus San Francisco popcorn-flower 7 1 1B.1 VALLEY AND FOOTHILL GRASSLAND, COASTAL PRAIRIE.

Plagiobothrys glaber hairless popcorn-flower 7 5 1A MEADOWS AND SEEPS, MARSHES AND SWAMPS.

Plagiobothrys hystriculus bearded popcorn-flower 7 5 1B.1 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Plagiobothrys lithocaryus Mayacamas popcorn-flower 7 5 1A MEADOWS? VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND, CHAPARRAL?

Plagiobothrys mollis var. vestitus Petaluma popcorn-flower 7 5 1A VALLEY AND FOOTHILL GRASSLAND, COASTAL SALT MARSH?

Plagiobothrys nitens shiny-nutlet popcorn-flower 7 5 2.1 ALKALINE MEADOWS.

Plagiobothrys parishii Parish's popcorn-flower 7 5 1B.1 GREAT BASIN SCRUB, JOSHUA TREE WOODLAND.

Plagiobothrys salsus desert popcorn-flower 7 5 2.2 CHENOPOD SCRUB, MARSHES AND SWAMPS.

Plagiobothrys strictus Calistoga popcorn-flower 1 2 1B.1 BROADLEAFED UPLAND FOREST, MEADOWS AND SEEPS, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Plagiobothrys torreyi var. torreyi Yosemite popcorn-flower 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Plagiobothrys uncinatus hooked popcorn-flower 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND, COASTAL BLUFF SCRUB.

Platystemon californicus var. ciliatus Santa Barbara Island cream cups 7 5 1B.2 COASTAL BLUFF SCRUB.

Pogogyne abramsii San Diego mesa mint 1 1 1B.1 VERNAL POOLS.

Pogogyne clareana Santa Lucia mint 7 1 1B.2 RIPARIAN WOODLAND.

Pogogyne nudiuscula Otay Mesa mint 1 1 1B.1 VERNAL POOLS.

Polemonium carneum Oregon polemonium 7 5 2.2 COASTAL PRAIRIE, COASTAL SCRUB, LOWER MONTANE CONIFEROUS FOREST.

Polemonium chartaceum Mason's sky pilot 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Poliomintha incana frosted mint 7 5 1A LOWER MONTANE CONIFEROUS FOREST.

Polyctenium williamsiae Williams' combleaf 7 5 1B.2 ALKALI MARSHES, PLAYAS, VERNAL POOLS.

Polygala acanthoclada thorny milkwort 7 5 2.3 CHENOPOD SCRUB, JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND.

Polygala heterorhyncha notch-beaked milkwort 7 5 2.3 MOJAVEAN DESERT SCRUB.
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Polygala intermontana intermountain milkwort 7 5 2.3 PINYON-JUNIPER WOODLAND.

Polygala subspinosa spiny milkwort 7 5 2.2 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Polygonum hickmanii Scotts Valley polygonum 1 1 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Polygonum polygaloides ssp. esotericum Modoc County knotweed 7 5 1B.1 GREAT BASIN SCRUB, VERNAL POOLS, LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Populus angustifolia narrow-leaved cottonwood 7 5 2.2 RIPARIAN FOREST.

Potentilla basaltica Black Rock potentilla 5 5 1B.3 MEADOWS AND SEEPS.

Potentilla concinna early cinquefoil 7 5 2.3 ALPINE BOULDER AND ROCK FIELDS, MEADOWS AND SEEPS.

Potentilla cristae crested potentilla 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Potentilla hickmanii Hickman's cinquefoil 1 1 1B.1 COASTAL BLUFF SCRUB, CLOSED-CONE CONIFEROUS FOREST, MEADOWS AND SEEPS, MARSHES AND SWAMPS.

Potentilla morefieldii Morefield's cinquefoil 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD.

Potentilla multijuga Ballona cinquefoil 7 5 1A MEADOWS AND SEEPS.

Potentilla newberryi Newberry's cinquefoil 7 5 2.3 MARSHES AND SWAMPS.

Potentilla pulcherrima beautiful cinquefoil 7 5 2.2 GREAT BASIN SCRUB.

Potentilla rimicola cliff cinquefoil 7 5 2.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Potentilla uliginosa Cunningham Marsh cinquefoil 7 5 1A FRESHWATER MARSHES AND SWAMPS.

Prunus eremophila Mojave Desert plum 7 5 1B.2 MOJAVEAN DESERT SCRUB.

Pseudobahia bahiifolia Hartweg's golden sunburst 1 1 1B.1 VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Pseudobahia peirsonii San Joaquin adobe sunburst 2 1 1B.1 VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Pseudognaphalium leucocephalum white rabbit-tobacco 7 5 2.2 RIPARIAN WOODLAND, CISMONTANE WOODLAND, COASTAL SCRUB, CHAPARRAL.

Psoralidium lanceolatum lance-leaved scurf-pea 7 5 2.3 GREAT BASIN SCRUB.

Psorothamnus fremontii var. attenuatus narrow-leaved psorothamnus 7 5 2.3 SONORAN DESERT SCRUB.

Pyrola chlorantha green-flowered wintergreen 7 5 1A LOWER MONTANE CONIFEROUS FOREST.

Pyrrocoma lucida sticky pyrrocoma 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Pyrrocoma racemosa var. congesta Del Norte pyrrocoma 7 5 2.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Pyrrocoma uniflora var. gossypina Bear Valley pyrrocoma 7 5 1B.2 PEBBLE PLAIN, MEADOWS AND SEEPS.

Quercus cedrosensis Cedros Island oak 7 5 2.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL SCRUB.

Quercus dumosa Nuttall's scrub oak 7 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL SCRUB.  MORE COMMON SCRUB OAK NOW = Q. BERBERIDIFOLIA.

Quercus parvula var. tamalpaisensis Tamalpais oak 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Raillardella pringlei showy raillardella 7 5 1B.2 BOGS AND FENS, MEADOWS AND SEEPS.

Ranunculus hydrocharoides frog's-bit buttercup 7 5 2.1 MARSHES AND SWAMPS.

Ranunculus macounii Macoun's buttercup 7 5 2.2 GREAT BASIN SCRUB, MEADOWS AND SEEPS, PINYON-JUNIPER WOODLAND.

Rhamnus alnifolia alder buckthorn 7 5 2.2 MEADOWS AND SEEPS, LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, MONTANE RIPARIAN SCRUB.

Rhus trilobata var. simplicifolia single-leaved skunkbrush 7 5 2.3 PINYON-JUNIPER WOODLAND.

Ribes canthariforme Moreno currant 7 5 1B.3 CHAPARRAL.

Ribes divaricatum var. parishii Parish's gooseberry 7 5 1A RIPARIAN WOODLAND.

Ribes hudsonianum var. petiolare western black currant 7 5 2.3 RIPARIAN SCRUB.

Ribes menziesii var. ixoderme aromatic canyon gooseberry 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Ribes thacherianum Santa Cruz Island gooseberry 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, RIPARIAN WOODLAND.

Ribes tularense Sequoia gooseberry 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Ribes viburnifolium Santa Catalina Island currant 7 5 1B.2 CHAPARRAL.

Robinia neomexicana New Mexico locust 7 5 2.3 PINYON-JUNIPER WOODLAND.

Romanzoffia tracyi Tracy's romanzoffia 7 5 2.3 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Rorippa columbiae Columbia yellow cress 7 5 1B.2 PINYON-JUNIPER WOODLAND, MEADOWS AND SEEPS, PLAYAS.

Rorippa subumbellata Tahoe yellow cress 5 1 1B.1 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Rosa gymnocarpa var. serpentina Gasquet rose 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND.

Rosa minutifolia small-leaved rose 7 1 2.1 COASTAL SCRUB, CHAPARRAL.

Rosa pinetorum pine rose 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST.

Rubus glaucifolius var. ganderi Cuyamaca raspberry 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Rubus nivalis snow dwarf bramble 7 5 2.3 NORTH COAST CONIFEROUS FOREST.

Rumex venosus winged dock 7 5 2.3 GREAT BASIN SCRUB.

Rupertia hallii Hall's rupertia 7 5 1B.2 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Salix bebbiana Bebb's willow 7 5 2.3 RIPARIAN SCRUB, MARSHES AND SWAMPS.

Salix brachycarpa ssp. brachycarpa short-fruited willow 7 5 2.3 ALPINE DWARF SCRUB, MEADOWS AND SEEPS, SUBALPINE CONIFEROUS FOREST.

Salix nivalis snow willow 7 5 2.3 ALPINE DWARF SCRUB.

Saltugilia latimeri Latimer's woodland-gilia 7 5 1B.2 CHAPARRAL, MOJAVEAN DESERT SCRUB.

Salvia brandegeei Brandegee's sage 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL SCRUB.

Salvia greatae Orocopia sage 7 5 1B.3 MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB.

Salvia munzii Munz's sage 7 5 2.2 COASTAL SCRUB, CHAPARRAL.

Sanguisorba officinalis great burnet 7 5 2.2 BOGS & FENS, MEADOWS & SEEPS, BROADLEAFED UPLAND FOREST, MARSHES & SWAMPS, NORTH COAST CONIFEROUS FOREST, RIPAR. FOREST.

Sanicula maritima adobe sanicle 7 3 1B.1 MEADOWS AND SEEPS, VALLEY AND FOOTHILL GRASSLAND, CHAPARRAL, COASTAL PRAIRIE.

Sanicula saxatilis rock sanicle 7 3 1B.2 BROADLEAFED UPLAND FOREST, CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Sanvitalia abertii Abert's sanvitalia 7 5 2.2 PINYON-JUNIPER WOODLAND.

Sarcobatus baileyi Bailey's greasewood 7 5 2.3 CHENOPOD SCRUB.

Sarcocornia utahensis Utah glasswort 7 5 2.2 CHENOPOD SCRUB, PLAYAS.

Satureja chandleri San Miguel savory 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, COASTAL SCRUB, RIP WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Saussurea americana American saw-wort 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.
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Saxifraga cespitosa tufted saxifrage 7 5 2.3 MEADOWS AND SEEPS.

Saxifraga rufidula red-wool saxifrage 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST.

Schkuhria multiflora var. multiflora many-flowered schkuhria 7 5 2.3 PINYON-JUNIPER WOODLAND.

Sclerocactus johnsonii Johnson's bee-hive cactus 7 5 2.2 MOJAVEAN DESERT SCRUB.

Scrophularia atrata black-flowered figwort 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL DUNES, COASTAL SCRUB, RIPARIAN SCRUB.

Scrophularia villosa Santa Catalina figwort 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Scutellaria bolanderi ssp. austromontana southern mountains skullcap 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Scutellaria galericulata marsh skullcap 7 5 2.2 MARSHES AND SWAMPS, LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Scutellaria lateriflora side-flowering skullcap 7 5 2.2 MEADOWS AND SEEPS, MARSHES AND SWAMPS.

Sedella leiocarpa Lake County stonecrop 1 1 1B.1 VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS, CISMONTANE WOODLAND.

Sedum albomarginatum Feather River stonecrop 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Sedum divergens Cascade stonecrop 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Sedum laxum ssp. eastwoodiae Red Mountain stonecrop 5 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Sedum oblanceolatum Applegate stonecrop 7 5 1B.1 UPPER MONTANE CONIFEROUS FOREST.

Sedum obtusatum ssp. paradisum Canyon Creek stonecrop 7 5 1B.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST, BROADLEAFED UPLAND FOREST.

Selinocarpus nevadensis desert wing-fruit 7 5 2.3 JOSHUA TREE WOODLAND, MOJAVEAN DESERT SCRUB.

Senecio aphanactis chaparral ragwort 7 5 2.2 CISMONTANE WOODLAND, COASTAL SCRUB.

Senecio clevelandii var. heterophyllus Red Hills ragwort 7 5 1B.2 CISMONTANE WOODLAND.

Senecio pattersonensis Mount Patterson senecio 7 5 1B.3 ALPINE BOULDER AND ROCK FIELD.

Senna covesii Cove's cassia 7 5 2.2 SONORAN DESERT SCRUB.

Shepherdia canadensis Canadian buffalo-berry 7 5 2.1 UPPER MONTANE CONIFEROUS FOREST.

Sibara filifolia Santa Cruz Island rock cress 1 5 1B.1 COASTAL SCRUB.

Sibaropsis hammittii Hammitt's clay-cress 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND, CHAPARRAL.

Sidalcea calycosa ssp. rhizomata Point Reyes checkerbloom 7 5 1B.2 MARSHES AND SWAMPS.

Sidalcea covillei Owens Valley checkerbloom 7 1 1B.1 MEADOWS AND SEEPS, GREAT BASIN SCRUB.

Sidalcea hickmanii ssp. anomala Cuesta Pass checkerbloom 7 3 1B.2 CLOSED-CONE CONIFEROUS FOREST.

Sidalcea hickmanii ssp. hickmanii Hickman's checkerbloom 7 5 1B.3 CHAPARRAL.

Sidalcea hickmanii ssp. napensis Napa checkerbloom 7 5 1B.1 CHAPARRAL.

Sidalcea hickmanii ssp. parishii Parish's checkerbloom 7 3 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Sidalcea hickmanii ssp. pillsburiensis Lake Pillsbury checkerbloom 7 5 1B.2 CHAPARRAL.

Sidalcea hickmanii ssp. viridis Marin checkerbloom 7 5 1B.3 CHAPARRAL.

Sidalcea keckii Keck's checkerbloom 1 5 1B.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND

Sidalcea malviflora ssp. patula Siskiyou checkerbloom 7 5 1B.2 COASTAL PRAIRIE, BROADLEAFED UPLAND FOREST.

Sidalcea malviflora ssp. purpurea purple-stemmed checkerbloom 7 5 1B.2 BROADLEAFED UPLAND FOREST, COASTAL PRAIRIE.

Sidalcea multifida cut-leaf checkerbloom 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, GREAT BASIN SCRUB, PINYON AND JUNIPER WOODLAND.

Sidalcea neomexicana Salt Spring checkerbloom 7 5 2.2 ALKALI PLAYAS, BRACKISH MARSHES, CHAPARRAL, COASTAL SCRUB, LOWER MONTANE CONIFEROUS FOREST, MOJAVEAN DESERT SCRUB.

Sidalcea oregana ssp. eximia coast sidalcea 7 5 1B.2 MEADOWS AND SEEPS, NORTH COAST CONIFEROUS FOREST, LOWER MONTANE CONIFEROUS FOREST.

Sidalcea oregana ssp. hydrophila marsh checkerbloom 7 5 1B.2 MEADOWS AND SEEPS, RIPARIAN FOREST.

Sidalcea oregana ssp. valida Kenwood Marsh checkerbloom 1 1 1B.1 MARSHES AND SWAMPS.

Sidalcea pedata bird-foot checkerbloom 1 1 1B.1 MEADOWS AND SEEPS, PEBBLE PLAINS.

Sidalcea robusta Butte County checkerbloom 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Sidalcea stipularis Scadden Flat checkerbloom 7 1 1B.1 MARSHES AND SWAMPS.

Sidotheca emarginata white-margined oxytheca 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, PINYON AND JUNIPER WOODLAND.

Silene campanulata ssp. campanulata Red Mountain catchfly 7 1 4.2 LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL.  STATE-LISTED ENDANGERED, BUT CNPS LIST 4; EO'S MOSTLY ARCHIVED.

Silene marmorensis Marble Mountain campion 7 5 1B.2 BROADLEAFED UPLAND FOREST, LOWER MONTANE CONIFEROUS FOREST, CISMONTANE WOODLAND.

Silene occidentalis ssp. longistipitata long-stiped campion 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Silene oregana Oregon campion 7 5 2.3 GREAT BASIN SCRUB, SUBALPINE CONIFEROUS FOREST.

Silene salmonacea Klamath Mountain catchfly 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Silene serpentinicola serpentine catchfly 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Silene suksdorfii Cascade alpine campion 7 5 2.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Silene verecunda ssp. verecunda San Francisco campion 7 5 1B.2 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND, COASTAL BLUFF SCRUB, CHAPARRAL, COASTAL PRAIRIE.

Smelowskia ovalis Lassen Peak smelowskia 7 5 1B.2 ALPINE BOULDER AND ROCK FIELD.  .

Solanum wallacei Wallace's nightshade 7 5 1B.1 CHAPARRAL, CISMONTANE WOODLAND.

Solidago gigantea giant goldenrod 7 5 2.2 MEADOWS AND SEEPS, MARSHES AND SWAMPS.

Spergularia canadensis var. occidentalis western sand-spurrey 7 5 2.1 COASTAL SALT MARSH.

Spermolepis echinata bristly scaleseed 7 5 2.3 SONORAN DESERT SCRUB.

Sphaeralcea grossulariifolia currant-leaved desert mallow 7 5 2.3 CHENOPOD SCRUB, GREAT BASIN SCRUB.

Sphaeralcea munroana Munro's desert mallow 7 5 2.2 GREAT BASIN SCRUB.

Sphaeralcea rusbyi var. eremicola Rusby's desert-mallow 7 5 1B.2 MOJAVEAN DESERT SCRUB, JOSHUA TREE WOODLAND.

Sphaeromeria potentilloides var. nitrophila alkali tansy-sage 7 5 2.2 MEADOWS AND SEEPS, PLAYAS.

Stachys palustris ssp. pilosa hairy marsh hedge-nettle 7 5 2.3 GREAT BASIN SCRUB.

Stanleya viridiflora green-flowered prince's plume 7 5 2.3 GREAT BASIN SCRUB.

Stebbinsoseris decipiens Santa Cruz microseris 7 5 1B.2 BROADLEAFED UPLAND FOREST, CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL PRAIRIE, COASTAL SCRUB.

Stellaria longifolia long-leaved starwort 7 5 2.2 MEADOWS AND SEEPS, RIPARIAN WOODLAND.

Stemodia durantifolia purple stemodia 7 5 2.1 SONORAN DESERT SCRUB.

Stenotus lanuginosus woolly stenotus 7 5 2.2 PINYON-JUNIPER WOODLAND, GREAT BASIN SCRUB.
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Streptanthus albidus ssp. albidus Metcalf Canyon jewel-flower 1 5 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Streptanthus albidus ssp. peramoenus most beautiful jewel-flower 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND.

Streptanthus batrachopus Tamalpais jewel-flower 7 5 1B.3 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Streptanthus brachiatus ssp. brachiatus Socrates Mine jewel-flower 7 5 1B.2 CHAPARRAL, CLOSED-CONE CONIFEROUS FOREST.

Streptanthus brachiatus ssp. hoffmanii Freed's jewel-flower 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Streptanthus callistus Mt. Hamilton jewel-flower 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND.

Streptanthus campestris southern jewel-flower 7 5 1B.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Streptanthus cordatus var. piutensis Piute Mountains jewel-flower 7 5 1B.2 BROADLEAFED UPLAND FORESTS, CLOSED-CONE CONIFEROUS FOREST, PINYON-JUNIPER WOODLAND.

Streptanthus fenestratus Tehipite Valley jewel-flower 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FORST.

Streptanthus glandulosus ssp. hoffmanii Hoffman's bristly jewel-flower 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Streptanthus glandulosus ssp. niger Tiburon jewel-flower 1 1 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Streptanthus glandulosus ssp. pulchellus Mount Tamalpais bristly jewel-flower 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND. .

Streptanthus gracilis alpine jewel-flower 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Streptanthus hesperidis green jewel-flower 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Streptanthus hispidus Mt. Diablo jewel-flower 7 5 1B.3 VALLEY AND FOOTHILL GRASSLAND, CHAPARRAL.

Streptanthus howellii Howell's jewel-flower 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Streptanthus insignis ssp. lyonii Arburua Ranch jewel-flower 7 5 1B.2 COASTAL SCRUB.

Streptanthus morrisonii ssp. elatus Three Peaks jewel-flower 7 5 1B.2 CHAPARRAL.

Streptanthus morrisonii ssp. hirtiflorus Dorr's Cabin jewel-flower 7 5 1B.2 CHAPARRAL AND CISMONTANE WOODLAND.

Streptanthus morrisonii ssp. kruckebergii Kruckeberg's jewel-flower 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Streptanthus morrisonii ssp. morrisonii Morrison's jewel-flower 7 5 1B.2 CHAPARRAL.

Streptanthus oblanceolatus Trinity River jewel-flower 7 5 1B.2 CISMONTANE WOODLAND.

Streptanthus oliganthus Masonic Mountain jewel-flower 7 5 1B.2 PINYON-JUNIPER WOODLAND.

Streptanthus vernalis early jewel-flower 7 5 1B.2 CHAPARRAL, CLOSED-CONE CONIFEROUS FOREST.

Stylocline citroleum oil neststraw 7 5 1B.1 CHENOPOD SCRUB, COASTAL SCRUB?

Stylocline masonii Mason's neststraw 7 5 1B.1 CHENOPOD SCRUB, PINYON-JUNIPER WOODLAND.

Stylocline sonorensis mesquite neststraw 7 5 1A SONORAN DESERT SCRUB.

Suaeda californica California seablite 1 5 1B.1 MARSHES AND SWAMPS.

Suaeda esteroa estuary seablite 7 5 1B.2 MARSHES AND SWAMPS.

Suaeda occidentalis western seablite 7 5 2.3 GREAT BASIN SCRUB.

Swertia umpquaensis Umpqua green-gentian 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, CHAPARRAL, NORTH COAST CONIFEROUS FOREST.

Symphyotrichum defoliatum San Bernardino aster 7 5 1B.2 MEADOWS AND SEEPS, MARSHES AND SWAMPS, COASTAL SCRUB, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST, GRASSLAND.

Symphyotrichum greatae Greata's aster 7 5 1B.3 CHAPARRAL, CISMONTANE WOODLAND.

Symphyotrichum lentum Suisun Marsh aster 7 5 1B.2 MARSHES AND SWAMPS (BRACKISH AND FRESHWATER).

Synthyris missurica ssp. missurica kitten-tails 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Taraxacum californicum California dandelion 1 5 1B.1 MEADOWS AND SEEPS.

Taraxacum ceratophorum horned dandelion 7 5 2.1 MEADOWS AND SEEPS, VALLEY AND FOOTHILL GRASSLAND.

Tauschia howellii Howell's tauschia 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Tetracoccus dioicus Parry's tetracoccus 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Tetracoccus ilicifolius holly-leaved tetracoccus 7 5 1B.3 MOJAVEAN DESERT SCRUB.

Tetradymia tetrameres dune horsebrush 7 5 2.2 GREAT BASIN SCRUB.

Teucrium cubense ssp. depressum dwarf germander 7 5 2.2 DESERT DUNES, PLAYAS, SONORAN DESERT SCRUB.

Teucrium glandulosum desert germander 7 5 2.3 SONORAN DESERT SCRUB.

Thelypodium howellii ssp. howellii Howell's thelypodium 7 5 1B.2 GREAT BASIN SCRUB, MEADOWS AND SEEPS.

Thelypodium integrifolium ssp. complanatum foxtail thelypodium 7 5 2.2 GREAT BASIN SCRUB, MEADOWS AND SEEPS.

Thelypodium milleflorum many-flowered thelypodium 7 5 2.2 GREAT BASIN SCRUB, CHENOPOD SCRUB.

Thelypodium stenopetalum slender-petaled thelypodium 1 1 1B.1 MEADOWS AND SEEPS, PEBBLE PLAINS.

Thermopsis californica var. semota velvety false lupine 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Thermopsis macrophylla Santa Ynez false lupine 7 3 1B.3 CHAPARRAL.  INCLUDES T. MACROPHYLLA VAR. AGNINA, STATE-LISTED RARE.

Thermopsis robusta robust false lupine 7 5 1B.2 NORTH COAST CONIFEROUS FOREST, BROADLEAFED UPLAND FOREST.

Thysanocarpus conchuliferus Santa Cruz Island fringepod 1 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Thysanocarpus rigidus rigid fringepod 7 5 1B.2 PINYON AND JUNIPER WOODLAND.

Tonestus lyallii Lyall's tonestus 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Townsendia condensata cushion townsendia 7 5 2.3 ALPINE BOULDER AND ROCK FIELD, SUBALPINE CONIFEROUS FOREST.

Townsendia leptotes slender townsendia 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Tracyina rostrata beaked tracyina 7 5 1B.2 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Transberingia bursifolia ssp. virgata virgate halimolobos 7 5 2.3 MEADOWS, PINYON AND JUNIPER WOODLAND.

Trichocoronis wrightii var. wrightii Wright's trichocoronis 7 5 2.1 MARSHES AND SWAMPS, RIPARIAN FOREST, MEADOWS AND SEEPS, VERNAL POOLS.

Trichostema austromontanum ssp. compactum Hidden Lake bluecurls 2 5 1B.1 UPPER MONTANE CONIFEROUS FOREST.

Trichostema ruygtii Napa bluecurls 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS, LOWER MONTANE CONIFEROUS FOREST.

Trientalis europaea arctic starflower 7 5 2.2 MEADOWS AND SEEPS, BOGS AND FENS.

Trifolium amoenum showy rancheria clover 1 5 1B.1 VALLEY AND FOOTHILL GRASSLAND, COASTAL BLUFF SCRUB.

Trifolium bolanderi Bolander's clover 7 5 1B.2 MEADOWS AND SEEPS, LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Trifolium buckwestiorum Santa Cruz clover 7 5 1B.1 COASTAL PRAIRIE, BROADLEAFED UPLAND FOREST, CISMONTANE WOODLAND.

Trifolium dedeckerae Dedecker's clover 7 5 1B.3 PINYON-JUNIPER WOODLAND, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST, LOWER MONTANE CONIF FOREST.

Trifolium gymnocarpon ssp. plummerae Plummer's clover 7 5 2.3 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.
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Trifolium hydrophilum saline clover 7 5 1B.2 MARSHES AND SWAMPS, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Trifolium jokerstii Butte County golden clover 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Trifolium polyodon Pacific Grove clover 7 3 1B.1 CLOSED-CONE CONIFEROUS FOREST, MEADOWS AND SEEPS, COASTAL PRAIRIE.

Trifolium trichocalyx Monterey clover 1 1 1B.1 CLOSED-CONE CONIFEROUS FOREST.

Triphysaria floribunda San Francisco owl's-clover 7 5 1B.2 COASTAL PRAIRIE, VALLEY AND FOOTHILL GRASSLAND.

Tripterocalyx crux-maltae Kellogg's sand-verbena 7 5 2.2 GREAT BASIN SCRUB, DESERT DUNES.

Tripterocalyx micranthus small-flowered sand-verbena 7 5 2.3 DESERT DUNES, MOJAVEAN DESERT SCRUB.

Tropidocarpum californicum Kings gold 7 5 1B.1 CHENOPOD SCRUB.

Tropidocarpum capparideum caper-fruited tropidocarpum 7 5 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Utricularia intermedia flat-leaved bladderwort 7 5 2.2 BOGS AND FENS, MEADOWS AND SEEPS, MARSHES AND SWAMPS.

Utricularia ochroleuca cream-flowered bladderwort 7 5 2.2 MESIC MEADOWS, MARSHES NEAR LAKES.

Vaccinium scoparium little-leaved huckleberry 7 5 2.2 SUBALPINE CONIFEROUS FOREST.

Valeriana occidentalis western valerian 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST.

Verbena californica Red Hills vervain 2 2 1B.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Verbesina dissita big-leaved crownbeard 2 2 1B.1 90% IN SOUTHERN MARITIME CHAPARRAL, 10% IN COASTAL SAGE SCRUB.

Viburnum edule squashberry 7 5 2.1 MEADOWS, RIPARIAN SCRUB.

Viburnum ellipticum oval-leaved viburnum 7 5 2.3 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Viguiera purisimae La Purisima viguiera 7 5 2.3 COASTAL SAGE SCRUB, CHAPARRAL.

Viola howellii Howell's violet 7 5 2.2 NORTH COAST CONIFEROUS FOREST.

Viola langsdorfii Langsdorf's violet 7 5 2.1 BOGS AND FENS.

Viola palustris alpine marsh violet 7 5 2.2 COASTAL SCRUB, BOGS AND FENS.

Viola pinetorum ssp. grisea grey-leaved violet 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Viola primulifolia ssp. occidentalis western white bog violet 7 5 1B.2 BOGS AND FENS, MARSHES AND SWAMPS.

Viola purpurea ssp. aurea golden violet 7 5 2.2 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Wislizenia refracta ssp. palmeri Palmer's jackass clover 7 5 2.2 CHENOPOD SCRUB, SONORAN DESERT SCRUB, SONORAN THORN WOODLAND, DESERT DUNES, DESERT WASH.

Wislizenia refracta ssp. refracta jackass-clover 7 5 2.2 PLAYAS, DESERT DUNES, MOJAVEAN DESERT SCRUB, SONORAN DESERT SCRUB.

Wyethia reticulata El Dorado County mule ears 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Xylorhiza cognata Mecca-aster 7 5 1B.2 SONORAN DESERT SCRUB.

Xylorhiza orcuttii Orcutt's woody-aster 7 5 1B.2 SONORAN DESERT SCRUB.

Gymnosperms

Abies amabilis Pacific silver fir 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST.

Abies bracteata bristlecone fir 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Abies lasiocarpa var. lasiocarpa subalpine fir 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Ephedra torreyana Torrey's Mormon-tea 7 5 2.1 GREAT BASIN SCRUB.

Hesperocyparis abramsiana var. abramsiana Santa Cruz cypress 1 1 1B.2 CLOSED-CONE CONIFEROUS FOREST,  LOWER MONTANE CONIFEROUS FOREST.

Hesperocyparis abramsiana var. butanoensis Butano Ridge cypress 1 1 1B.2 CLOSED-CONE CONIFEROUS FOREST, LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL.

Hesperocyparis forbesii Tecate cypress 7 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Hesperocyparis goveniana Gowen cypress 2 5 1B.2 CLOSED-CONE CONIFEROUS FOREST.

Hesperocyparis macrocarpa Monterey cypress 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST.

Hesperocyparis nevadensis Piute cypress 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND, PINYON-JUNIPER WOODLAND.

Hesperocyparis pygmaea pygmy cypress 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST.

Hesperocyparis stephensonii Cuyamaca cypress 7 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, RIPARIAN FOREST.

Picea engelmannii Engelmann spruce 7 5 2.2 UPPER MONTANE CONIFEROUS FOREST.

Pinus contorta ssp. bolanderi Bolander's beach pine 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST.

Pinus radiata Monterey pine 7 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, CISMONTANE WOODLAND.  THREE PRIMARY STANDS ARE NATIVE TO CALIFORNIA.

Pinus torreyana ssp. insularis Santa Rosa Island torrey pine 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST.

Pinus torreyana ssp. torreyana torrey pine 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Agave shawii Shaw's agave 7 5 2.1 COASTAL BLUFF SCRUB, COASTAL SCRUB.

Agave utahensis var. eborispina ivory-spined agave 7 5 1B.3 MOJAVEAN DESERT SCRUB.

Agrostis blasdalei Blasdale's bent grass 7 5 1B.2 COASTAL DUNES, COASTAL BLUFF SCRUB, COASTAL PRAIRIE.  INCLUDES AGROSTIS BLASDALEI VAR. MARINENSIS, STATE-LISTED RARE.

Agrostis hooveri Hoover's bent grass 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Agrostis humilis mountain bent grass 7 5 2.3 ALPINE BOULDER AND ROCK FIELD, MEADOWS AND SEEPS, SUBALPINE CONIFEROUS FOREST.

Alisma gramineum grass alisma 7 5 2.2 MARSHES AND SWAMPS.

Allium atrorubens var. atrorubens Great Basin onion 7 5 2.3 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Allium hickmanii Hickman's onion 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND, COASTAL PRAIRIE.

Allium howellii var. clokeyi Mt. Pinos onion 7 5 1B.3 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Allium jepsonii Jepson's onion 7 5 1B.2 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Allium marvinii Yucaipa onion 7 5 1B.1 CHAPARRAL.

Allium munzii Munz's onion 1 2 1B.1 CHAPARRAL, COASTAL SCRUB, CISMONTANE WOODLAND, PINYON-JUNIPER WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Allium nevadense Nevada onion 7 5 2.3 PINYON-JUNIPER WOODLAND.

Allium peninsulare var. franciscanum Franciscan onion 7 5 1B.2 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Allium punctum dotted onion 7 5 2.2 PINYON AND JUNIPER WOODLAND.

Allium sharsmithiae Sharsmith's onion 7 5 1B.3 CISMONTANE WOODLAND.

Allium shevockii Spanish Needle onion 7 5 1B.3 PINYON-JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Allium tribracteatum three-bracted onion 7 5 1B.2 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Monocots
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Allium tuolumnense Rawhide Hill onion 7 5 1B.2 CISMONTANE WOODLAND.

Allium yosemitense Yosemite onion 7 3 1B.3 BROADLEAVED UPLAND FOREST, CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Alopecurus aequalis var. sonomensis Sonoma alopecurus 1 5 1B.1 FRESHWATER MARSHES AND SWAMPS, RIPARIAN SCRUB.

Androstephium breviflorum small-flowered androstephium 7 5 2.2 MOJAVEAN DESERT SCRUB, DESERT DUNES.

Blepharidachne kingii King's eyelash grass 7 5 2.3 PINYON-JUNIPER WOODLAND, MOJAVEAN DESERT SCRUB.

Bloomeria clevelandii San Diego goldenstar 7 5 1B.1 CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Bloomeria humilis dwarf goldenstar 7 3 1B.2 COASTAL BLUFF SCRUB, CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Bouteloua trifida three-awned grama 7 5 2.3 MOJAVEAN DESERT SCRUB.

Brodiaea californica var. leptandra narrow-anthered California brodiaea 7 5 1B.2 BROADLEAFED UPLAND FOREST, CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Brodiaea coronaria ssp. rosea Indian Valley brodiaea 7 1 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND, MEADOWS.

Brodiaea filifolia thread-leaved brodiaea 2 1 1B.1 CHAPARRAL (OPENINGS), CISMONTANE WOODLAND, COASTAL SCRUB, PLAYAS, VALLEY AND FOOTHILL GRASSLAND, VERNAL POOLS.

Brodiaea insignis Kaweah brodiaea 7 1 1B.2 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Brodiaea kinkiensis San Clemente Island brodiaea 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Brodiaea matsonii Sulphur Creek brodiaea 7 5 1B.1 CISMONTANE WOODLAND, MEADOWS AND SEEPS.

Brodiaea orcuttii Orcutt's brodiaea 7 5 1B.1 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND, CLOSED-CONE CONIFEROUS FOREST, CISMONTANE WOODLAND, CHAPARRAL, MEADOWS.

Brodiaea pallida Chinese Camp brodiaea 2 1 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Calamagrostis crassiglumis Thurber's reed grass 7 5 2.1 COASTAL SCRUB, FRESHWATER MARSH.

Calamagrostis foliosa leafy reed grass 7 3 4.2 COASTAL BLUFF SCRUB, NORTH COAST CONIFEROUS FOREST.

Calochortus clavatus var. avius Pleasant Valley mariposa-lily 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Calochortus clavatus var. gracilis slender mariposa-lily 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Calochortus clavatus var. recurvifolius Arroyo de la Cruz mariposa-lily 7 5 1B.2 COASTAL BLUFF SCRUB, MARITIME CHAPARRAL, COASTAL PRAIRIE, LOWER MONTANE CONIFEROUS FOREST.

Calochortus dunnii Dunn's mariposa-lily 7 3 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Calochortus excavatus Inyo County star-tulip 7 5 1B.1 CHENOPOD SCRUB, MEADOWS (ALKALINE).

Calochortus fimbriatus late-flowered mariposa-lily 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND.

Calochortus greenei Greene's mariposa-lily 7 5 1B.2 MEADOWS, PINYON AND JUNIPER WOODLAND, UPPER MONTANE CONIFEROUS FOREST.

Calochortus longebarbatus var. longebarbatus long-haired star-tulip 7 5 1B.2 MEADOWS, LOWER MONTANE CONIFEROUS FOREST.

Calochortus monanthus single-flowered mariposa-lily 7 5 1A MEADOWS AND SEEPS, RIPARIAN SCRUB.

Calochortus obispoensis La Panza mariposa-lily 7 5 1B.2 CHAPARRAL, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Calochortus palmeri var. munzii San Jacinto mariposa-lily 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL, MEADOWS.

Calochortus palmeri var. palmeri Palmer's mariposa-lily 7 5 1B.2 MEADOWS AND SEEPS, CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Calochortus persistens Siskiyou mariposa-lily 5 3 1B.2 LOWER MONTANE CONIFEROUS FOREST, NORTH COAST CONIFEROUS FOREST.

Calochortus plummerae Plummer's mariposa-lily 7 5 1B.2 COASTAL SCRUB, CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Calochortus pulchellus Mt. Diablo fairy-lantern 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, RIPARIAN WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Calochortus raichei The Cedars fairy-lantern 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL.

Calochortus simulans San Luis Obispo mariposa-lily 7 5 1B.3 VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLAND, CHAPARRAL.

Calochortus striatus alkali mariposa-lily 7 5 1B.2 CHAPARRAL, CHENOPOD SCRUB, MOJAVEAN DESERT SCRUB, MEADOWS.

Calochortus syntrophus Callahan's mariposa-lily 7 5 1B.1 CISMONTANE WOODLAND.

Calochortus tiburonensis Tiburon mariposa-lily 2 2 1B.1 VALLEY AND FOOTHILL GRASSLAND.

Calochortus weedii var. intermedius intermediate mariposa-lily 7 5 1B.2 COASTAL SCRUB, CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Calochortus westonii Shirley Meadows star-tulip 7 5 1B.2 BROADLEAVED UPLAND FOREST, LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Carex albida white sedge 1 1 1B.1 FRESHWATER MARSH, BOGS AND FENS, MEADOWS AND SEEPS.

Carex arcta northern clustered sedge 7 5 2.2 BOGS AND FENS, NORTH COAST CONIFEROUS FOREST.

Carex atherodes wheat sedge 7 5 2.2 MEADOWS AND SEEPS, MARSHES AND SWAMPS, PINYON-JUNIPER WOODLAND.

Carex californica California sedge 7 5 2.3 BOGS AND FENS, CLOSED-CONE CONIFEROUS FOREST, COASTAL PRAIRIE, MEADOWS, MARSHES AND SWAMPS.

Carex comosa bristly sedge 7 5 2.1 MARSHES AND SWAMPS.

Carex davyi Davy's sedge 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Carex eleocharis spikerush sedge 7 5 2.3 GREAT BASIN SCRUB, SUBALPINE CONIFEROUS FOREST.

Carex halliana Oregon sedge 7 5 2.3 PINYON-JUNIPER WOODLAND, MEADOWS.

Carex hystericina porcupine sedge 7 5 2.1 MARSHES AND SWAMPS.

Carex klamathensis Klamath sedge 7 5 1B.2 MEADOWS AND SEEPS, CHAPARRAL, CISMONTANE WOODLAND.

Carex lasiocarpa woolly-fruited sedge 7 5 2.3 BOGS AND FENS, MARSHES AND SWAMPS.

Carex lenticularis var. limnophila lagoon sedge 7 5 2.2 BOGS AND FENS, MARSHES AND SWAMPS, NORTH COAST CONIFEROUS FOREST.

Carex leptalea bristle-stalked sedge 7 5 2.2 BOGS AND FENS, MEADOWS, MARSHES AND SWAMPS.

Carex limosa mud sedge 7 5 2.2 BOGS AND FENS, LOWER MONTANE CONIFEROUS FOREST, MEADOWS, MARSHES AND SWAMPS, UPPER MONTANE CONIFEROUS FOREST.

Carex livida livid sedge 7 5 1A BOGS AND FENS.

Carex lyngbyei Lyngbye's sedge 7 5 2.2 MARSHES AND SWAMPS (BRACKISH OR FRESHWATER).

Carex obispoensis San Luis Obispo sedge 7 5 1B.2 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL PRAIRIE, COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND.

Carex occidentalis western sedge 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Carex parryana var. hallii Parry's sedge 7 5 2.3 MEADOWS, SUBALPINE CONIFEROUS FOREST.

Carex petasata Liddon's sedge 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Carex praticola northern meadow sedge 7 5 2.2 MEADOWS.

Carex saliniformis deceiving sedge 7 5 1B.2 COASTAL PRAIRIE, COASTAL SCRUB, MEADOWS AND SEEPS, MARSHES AND SWAMPS (COASTAL SALT).

Carex scirpoidea ssp. pseudoscirpoidea western single-spiked sedge 7 5 2.2 ALPINE BOULDER AND ROCK FIELD, MEADOWS AND SEEPS, SUBALPINE CONIFEROUS FOREST.

Carex scoparia pointed broom sedge 7 5 2.2 GREAT BASIN SCRUB.

Carex serpenticola serpentine sedge 7 5 2.3 MEADOWS AND SEEPS.

Carex sheldonii Sheldon's sedge 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, MARSHES AND SWAMPS, RIPARIAN SCRUB.
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Carex stevenii Steven's sedge 7 5 2.2 ALPINE BOULDER AND ROCK FIELDS.

Carex tiogana Tioga Pass sedge 7 5 1B.3 MEADOWS.

Carex tompkinsii Tompkins' sedge 7 3 4.3 CHAPARRAL,  CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Carex vallicola western valley sedge 7 5 2.3 GREAT BASIN SCRUB, MEADOWS AND SEEPS.

Carex viridula var. viridula green yellow sedge 7 5 2.3 BOGS AND FENS, MARSHES AND SWAMPS (FRESHWATER), NORTH COAST CONIFEROUS FOREST.

Chlorogalum grandiflorum Red Hills soaproot 7 5 1B.2 CISMONTANE WOODLAND, CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Chlorogalum pomeridianum var. minus dwarf soaproot 7 5 1B.2 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND.

Chlorogalum purpureum var. purpureum Santa Lucia purple amole 2 5 1B.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Chlorogalum purpureum var. reductum Camatta Canyon amole 2 3 1B.1 CISMONTANE WOODLAND.

Cinna bolanderi Bolander's woodreed 7 5 1B.2 MEADOWS AND SEEPS, UPPER MONTANE CONIFEROUS FOREST.

Cladium californicum California saw-grass 7 5 2.2 FRESHWATER AND ALKALI MARSHES, SEEPS.

Corallorhiza trifida northern coralroot 7 5 2.1 LOWER MONTANE CONIFEROUS FOREST, MEADOWS.

Dichanthelium lanuginosum var. thermale Geysers dichanthelium 7 1 1B.1 CLOSED-CONE CONIFEROUS FOREST, RIPARIAN FOREST, VALLEY AND FOOTHILL GRASSLAND.

Digitaria californica Arizona cottontop 7 5 2.3 SONORAN DESERT SCRUB, MOJAVEAN DESERT SCRUB.

Dissanthelium californicum California dissanthelium 7 5 1B.2 COASTAL SCRUB.

Eleocharis torticulmis California twisted spikerush 7 5 1B.3 BOGS AND FENS, MEADOWS AND SEEPS, LOWER MONTANE CONIFEROUS FOREST.

Elymus scribneri Scribner's wheat grass 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Enneapogon desvauxii nine-awned pappus grass 7 5 2.2 PINYON AND JUNIPER WOODLAND.

Erioneuron pilosum hairy erioneuron 7 5 2.3 PINYON-JUNIPER WOODLAND.

Erythronium citrinum var. roderickii Scott Mountains fawn lily 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Erythronium hendersonii Henderson's fawn lily 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST.

Erythronium howellii Howell's fawn lily 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Erythronium klamathense Klamath fawn lily 7 5 2.2 UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Erythronium oregonum giant fawn lily 7 5 2.2 CISMONTANE WOODLAND, MEADOWS AND SEEPS.

Erythronium pluriflorum Shuteye Peak fawn lily 7 5 1B.3 UPPER MONTANE CONIFEROUS FOREST, MEADOWS, SUBALPINE CONIFEROUS FOREST.

Erythronium pusaterii Kaweah fawn lily 7 5 1B.3 SUBALPINE CONIFEROUS FOREST, MEADOWS.

Erythronium revolutum coast fawn lily 7 5 2.2 BOGS AND FENS, BROADLEAFED UPLAND FOREST, NORTH COAST CONIFEROUS FOREST.

Erythronium taylorii Pilot Ridge fawn lily 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST.

Erythronium tuolumnense Tuolumne fawn lily 7 5 1B.2 BROADLEAVED UPLAND FOREST, CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Festuca minutiflora small-flowered fescue 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Fimbristylis thermalis hot springs fimbristylis 7 5 2.2 MEADOWS (ALKALINE).

Fritillaria biflora var. ineziana Hillsborough chocolate lily 7 5 1B.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Fritillaria brandegeei Greenhorn fritillary 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Fritillaria falcata talus fritillary 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Fritillaria gentneri Gentner's fritillary 1 5 1B.1 CISMONTANE WOODLAND, CHAPARRAL?

Fritillaria lanceolata var. tristulis Marin checker lily 7 5 1B.1 COASTAL BLUFF SCRUB, COASTAL SCRUB, COASTAL PRAIRIE.

Fritillaria liliacea fragrant fritillary 7 5 1B.2 COASTAL SCRUB, VALLEY AND FOOTHILL GRASSLAND, COASTAL PRAIRIE.

Fritillaria ojaiensis Ojai fritillary 7 5 1B.2 BROADLEAVED UPLAND FOREST (MESIC), CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST.

Fritillaria pluriflora adobe-lily 7 5 1B.2 CHAPARRAL, CISMONTANE WOODLAND, FOOTHILL GRASSLAND.

Fritillaria roderickii Roderick's fritillary 7 1 1B.1 COASTAL BLUFF SCRUB, COASTAL PRAIRIE, VALLEY AND FOOTHILL GRASSLAND.

Fritillaria striata striped adobe-lily 7 2 1B.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Fritillaria viridea San Benito fritillary 7 5 1B.2 CHAPARRAL.

Glyceria grandis American manna grass 7 5 2.3 MEADOWS.

Hierochloe odorata nodding vanilla-grass 7 5 2.3 MEADOWS AND SEEPS.

Imperata brevifolia California satintail 7 5 2.1 COASTAL SCRUB, CHAPARRAL, RIPARIAN SCRUB, MOJAVEAN SCRUB, MEADOWS AND SEEPS (ALKALI).

Iris hartwegii ssp. columbiana Tuolumne iris 7 5 1B.2 CISMONTANE WOODLAND, LOWER MONTANE CONIFEROUS FOREST.

Iris munzii Munz's iris 7 5 1B.3 CISMONTANE WOODLAND.

Juncus digitatus finger rush 7 5 1B.1 CISMONTANE WOODLAND (OPENINGS), LOWER MONTANE CONIFEROUS FOREST (OPENINGS), VERNAL POOLS.

Juncus dudleyi Dudley's rush 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST (MESIC).

Juncus interior inland rush 7 5 2.2 PINYON AND JUNIPER WOODLAND.

Juncus leiospermus var. ahartii Ahart's dwarf rush 7 5 1B.2 VERNAL POOLS.

Juncus leiospermus var. leiospermus Red Bluff dwarf rush 7 5 1B.1 CHAPARRAL, VALLEY AND FOOTHILL GRASSLAND, CISMONTANE WOODLANDS, VERNAL POOLS.

Juncus luciensis Santa Lucia dwarf rush 7 5 1B.2 VERNAL POOLS, MEADOWS, LOWER MONTANE CONIFEROUS FOREST, CHAPARRAL, GREAT BASIN SCRUB.

Juncus nevadensis var. inventus Sierra rush 7 5 2.2 BOGS AND FENS.

Juncus nodosus knotted rush 7 5 2.3 MEADOWS, MARSHES AND SWAMPS.

Juncus regelii Regel's rush 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Juncus supiniformis hair-leaved rush 7 5 2.2 MARSHES AND SWAMPS, BOGS AND FENS.

Kobresia myosuroides seep kobresia 7 5 2.3 ALPINE BOULDER AND ROCK FIELD (MESIC), MEADOWS, SUBALPINE CONIFEROUS FOREST.

Leymus salinus ssp. mojavensis hillside wheat grass 7 5 2.3 PINYON-JUNIPER WOODLAND.

Lilium maritimum coast lily 7 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, COASTAL PRAIRIE, COASTAL SCRUB, BROADLEAVED UPLAND FOREST, NORTH COAST CONIFEROUS FOREST.

Lilium occidentale western lily 1 1 1B.1 COASTAL SCRUB, FRESHWATER MARSH, BOGS AND FENS, COASTAL BLUFF SCRUB, COASTAL PRAIRIE, NO. COAST CONIFEROUS FOREST.

Lilium pardalinum ssp. pitkinense Pitkin Marsh lily 1 1 1B.1 CISMONTANE WOODLAND, MEADOWS AND SEEPS, FRESHWATER MARSH.

Lilium parryi lemon lily 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, RIPARIAN FOREST, UPPER MONTANE CONIFEROUS FOREST.

Malaxis monophyllos var. brachypoda white bog adder's-mouth 7 5 2.1 MEADOWS AND SEEPS, BOGS AND FENS, UPPER MONTANE CONIFEROUS FOREST.

Muhlenbergia alopecuroides wolftail 7 5 2.2 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND.

Muhlenbergia appressa appressed muhly 7 5 2.2 COASTAL SAGE SCRUB, MOJAVEAN DESERT SCRUB, VALLEY AND FOOTHILL GRASSLAND.  POSSIBLY  UNDERCOLLECTED IN CALIFORNIA.
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Muhlenbergia arsenei tough muhly 7 5 2.3 PINYON-JUNIPER WOODLAND.

Muhlenbergia fragilis delicate muhly 7 5 2.3 PINYON-JUNIPER WOODLAND.

Muhlenbergia pauciflora few-flowered muhly 7 5 2.3 PINYON-JUNIPER WOODLAND.

Munroa squarrosa false buffalo-grass 7 5 2.2 PINYON-JUNIPER WOODLAND.

Neostapfia colusana Colusa grass 2 1 1B.1 VERNAL POOLS.

Nolina cismontana chaparral nolina 7 5 1B.2 CHAPARRAL, COASTAL SCRUB.

Nolina interrata Dehesa nolina 7 1 1B.1 CHAPARRAL.

Orcuttia californica California Orcutt grass 1 1 1B.1 VERNAL POOLS.

Orcuttia inaequalis San Joaquin Valley Orcutt grass 2 1 1B.1 VERNAL POOLS.

Orcuttia pilosa hairy Orcutt grass 1 1 1B.1 VERNAL POOLS.

Orcuttia tenuis slender Orcutt grass 2 1 1B.1 VERNAL POOLS.

Orcuttia viscida Sacramento Orcutt grass 1 1 1B.1 VERNAL POOLS.

Oryzopsis exigua little ricegrass 7 5 2.3 GREAT BASIN SCRUB.

Piperia candida white-flowered rein orchid 7 5 1B.2 NORTH COAST CONIFEROUS FOREST,  LOWER MONTANE CONIFEROUS FOREST, BROADLEAFED UPLAND FOREST.

Piperia elegans ssp. decurtata Point Reyes rein orchid 7 5 1B.1 COASTAL BLUFF SCRUB.

Piperia yadonii Yadon's rein orchid 1 5 1B.1 CLOSED-CONE CONIFEROUS FOREST, CHAPARRAL, COASTAL BLUFF SCRUB.

Platanthera yosemitensis Yosemite bog orchid 7 5 1B.2 MEADOWS AND SEEPS.

Pleuropogon hooverianus North Coast semaphore grass 7 2 1B.1 BROADLEAFED UPLAND FOREST, MEADOWS AND SEEPS, NORTH COAST CONIFEROUS FOREST.

Poa abbreviata ssp. marshii Marsh's blue grass 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Poa abbreviata ssp. pattersonii Patterson's blue grass 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Poa atropurpurea San Bernardino blue grass 1 5 1B.2 MEADOWS AND SEEPS.

Poa diaboli Diablo Canyon blue grass 7 5 1B.2 CHAPARRAL (MESIC SITES), CISMONTANE WOODLAND, COASTAL SCRUB, CLOSED-CONE CONIFEROUS FOREST.

Poa lettermanii Letterman's blue grass 7 5 2.3 ALPINE BOULDER AND ROCK FIELD.

Poa napensis Napa blue grass 1 1 1B.1 MEADOWS AND SEEPS, VALLEY AND FOOTHILL GRASSLAND.

Poa sierrae Sierra blue grass 7 5 1B.3 LOWER MONTANE CONIFEROUS FOREST.

Potamogeton epihydrus Nuttall's ribbon-leaved pondweed 7 5 2.2 MARSHES AND SWAMPS.

Potamogeton foliosus ssp. fibrillosus fibrous pondweed 7 5 2.3 MARSHES AND SWAMPS.

Potamogeton praelongus white-stemmed pondweed 7 5 2.3 MARSHES AND SWAMPS.

Potamogeton robbinsii Robbins' pondweed 7 5 2.3 MARSHES AND SWAMPS.

Potamogeton zosteriformis eel-grass pondweed 7 5 2.2 MARSHES AND SWAMPS.

Prosartes parvifolia Siskiyou bells 7 5 1B.2 LOWER MONTANE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Puccinellia howellii Howell's alkali grass 7 5 1B.1 MEADOWS AND SEEPS.

Puccinellia parishii Parish's alkali grass 7 5 1B.1 MEADOWS AND SEEPS.

Puccinellia pumila dwarf alkali grass 7 5 2.2 MEADOWS AND SEEPS, MARSHES AND SWAMPS.

Rhynchospora alba white beaked-rush 7 5 2.2 BOGS AND FENS, MARSHES AND SWAMPS.

Rhynchospora californica California beaked-rush 7 5 1B.1 BOGS AND FENS, MARSHES AND SWAMPS, LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Rhynchospora capitellata brownish beaked-rush 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS, MARSHES AND SWAMPS, UPPER MONTANE CONIFEROUS FOREST.

Rhynchospora globularis round-headed beaked-rush 7 5 2.1 MARSHES AND SWAMPS.

Sagittaria sanfordii Sanford's arrowhead 7 5 1B.2 MARSHES AND SWAMPS.

Scheuchzeria palustris American scheuchzeria 7 5 2.1 BOGS AND FENS, MARSHES AND SWAMPS.

Schoenoplectus heterochaetus slender bulrush 7 5 2.3 MARSHES AND SWAMPS, LOWER MONTANE CONIFEROUS FOREST.

Schoenoplectus subterminalis water bulrush 7 5 2.3 MARSHES AND SWAMPS.

Schoenus nigricans black bog-rush 7 5 2.2 MARSHES AND SWAMPS.

Scirpus pendulus pendulous bulrush 7 5 2.2 MEADOWS AND SEEPS, FRESHWATER MARSH.

Scleropogon brevifolius burro grass 7 5 2.3 MOJAVEAN DESERT SCRUB.

Sisyrinchium funereum Death Valley blue-eyed grass 7 5 1B.3 MEADOWS AND SEEPS.

Sisyrinchium hitchcockii Hitchcock's blue-eyed grass 7 5 1B.1 CISMONTANE WOODLAND, VALLEY AND FOOTHILL GRASSLAND.

Sisyrinchium longipes timberland blue-eyed grass 7 5 2.2 MEADOWS AND SEEPS.

Smilax jamesii English Peak greenbrier 7 5 1B.3 NORTH COAST CONIFEROUS FOREST, BROADLEAFED UPLAND FOREST?, LOWER MONTANE CONIFEROUS FOREST, MARSHES AND SWAMPS.

Sphenopholis obtusata prairie wedge grass 7 5 2.2 CISMONTANE WOODLAND, MEADOWS AND SEEPS.

Stipa arida Mormon needle grass 7 5 2.3 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND.

Stipa divaricata small-flowered rice grass 7 5 2.3 PINYON AND JUNIPER WOODLAND.

Stuckenia filiformis slender-leaved pondweed 7 5 2.2 MARSHES AND SWAMPS.

Swallenia alexandrae Eureka Valley dune grass 1 3 1B.2 DESERT DUNES.

Trichophorum pumilum little bulrush 7 5 2.2 ALPINE DWARF SCRUB?

Triglochin palustris marsh arrow-grass 7 5 2.3 MEADOWS AND SEEPS, FRESHWATER MARSH, SUBALPINE CONIFEROUS FOREST.

Triteleia clementina San Clemente Island triteleia 7 5 1B.2 VALLEY AND FOOTHILL GRASSLAND.

Triteleia grandiflora Howell's triteleia 7 5 2.1 GREAT BASIN SCRUB, PINYON-JUNIPER WOODLAND.

Triteleia hendersonii Henderson's triteleia 7 5 2.2 CISMONTANE WOODLAND.

Triteleia ixioides ssp. cookii Cook's triteleia 7 5 1B.3 CISMONTANE WOODLAND, CLOSED-CONE CONIFEROUS FOREST.

Tuctoria greenei Greene's tuctoria 1 3 1B.1 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Tuctoria mucronata Crampton's tuctoria or Solano grass 1 1 1B.1 VERNAL POOLS, VALLEY AND FOOTHILL GRASSLAND.

Wolffia brasiliensis Brazilian watermeal 7 5 2.3 SHALLOW FRESHWATER MARSHES.

Argyrochosma limitanea ssp. limitanea southwestern false cloak-fern 7 5 2.3 PINYON AND JUNIPER WOODLAND.

Asplenium septentrionale northern spleenwort 7 5 2.3 CHAPARRAL, LOWER MONTANE CONIFEROUS FOREST, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Ferns
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Asplenium trichomanes ssp. trichomanes maidenhair spleenwort 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST.

Asplenium trichomanes-ramosum green spleenwort 7 5 2.3 SUBALPINE CONIFEROUS FOREST.

Astrolepis cochisensis ssp. cochisensis scaly cloak fern 7 5 2.3 JOSHUA TREE WOODLAND, PINYON AND JUNIPER WOODLAND.

Botrychium ascendens upswept moonwort 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST.

Botrychium crenulatum scalloped moonwort 7 5 2.2 BOGS AND FENS, MEADOWS, LOWER MONTANE CONIFEROUS FOREST, FRESHWATER MARSH.

Botrychium lineare slender moonwort 7 5 1B.3 UPPER CONIFEROUS FOREST.

Botrychium lunaria common moonwort 7 5 2.3 MEADOWS, SUBALPINE CONIFEROUS FOREST, UPPER MONTANE CONIFEROUS FOREST.

Botrychium minganense mingan moonwort 7 5 2.2 LOWER MONTANE CONIFEROUS FOREST.

Botrychium montanum western goblin 7 5 2.1 LOWER MONTANE CONIFEROUS FOREST.

Botrychium pedunculosum stalked moonwort 7 5 2.1 UPPER MONTANE CONIFEROUS FOREST, MEADOWS AND SEEPS.

Botrychium pinnatum northwestern moonwort 7 5 2.3 LOWER MONTANE CONIFEROUS FOREST, MEADOWS, UPPER MONTANE CONIFEROUS FOREST.

Botrychium pumicola pumice moonwort 7 5 2.2 ALPINE COMMUNITIES, SUBALPINE CONIFEROUS FOREST.

Botrychium virginianum rattlesnake fern 7 5 2.2 BOGS AND FENS.

Cheilanthes wootonii Wooton's lace fern 7 5 2.3 JOSHUA TREE WOODLAND, PINYON-JUNIPER WOODLAND.

Dryopteris filix-mas male fern 7 5 2.3 UPPER MONTANE CONIFEROUS FOREST.

Lycopodiella inundata inundated bog-clubmoss 7 5 2.2 BOGS AND FENS, LOWER MONTANE CONIFEROUS FOREST, MARSHES AND SWAMPS.

Ophioglossum pusillum northern adder's-tongue 7 5 2.2 MARSHES AND SWAMPS, MEADOWS AND SEEPS.

Pellaea truncata spiny cliff-brake 7 5 2.3 PINYON-JUNIPER WOODLAND.

Selaginella eremophila desert spike-moss 7 5 2.2 SONORAN DESERT SCRUB.

Thelypteris puberula var. sonorensis Sonoran maiden fern 7 5 2.2 MEADOWS AND SEEPS.

Woodsia plummerae Plummer's woodsia 7 5 2.3 PINYON-JUNIPER WOODLAND.
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Appendix C 

Herbicide Descriptions 
This appendix summarizes Borax and the seven herbicide active ingredients that are likely to be 

used under the Proposed Program and Alternatives 3 & 4.  Herbicide treatments under Alternative 1 
(Status Quo) would continue as currently done, to a limited extent, in the California Forest 
Improvement Program (CFIP).  Although atrazine is discussed throughout the VTPEIR, it will not be 
funded for use under the Proposed Program and Alternatives 3 & 4, so it is excluded from this 
description list.   

Herbicide treatments will be used in conjunction with other vegetation management treatments 
to reduce risks of catastrophic wildfires that result in loss of habitat, property and life.  Forest and 
range habitats may also be improved by using herbicides to kill noxious and invasive weeds, while 
promoting growth of beneficial vegetation. 

Most of the information on clopyralid, glyphosate, hexazinone, imazapyr, sulfometuron methyl, 
and triclopyr is taken directly from the HFQLG Forest Recovery Act Supplemental DEIS.  When 
available, more current information from U.S. Forest Service Risk Assessments (SERA), EPA 
Reregistration Eligibility Decisions (RED), Product Labels, and Material Safety Data Sheets (MSDS) was 
incorporated.  Information for 2,4-D and borax, the chemicals not described in the HFQLG DEIS, also 
came from these documents.  The California Department of Pesticide Regulation (CDPR) Pesticide Use 
Report database was used to obtain a few of the commonly used trade names currently registered in 
California for Forestry and Rangeland use.  These trade names are for example purposes only, and 
there is no intent to endorse the particular range of names listed.  

2,4-D (2,4-Dichlorophenoxyacetic Acid) 
Trade names: 2,4-D L.V. 4 Ester, 2,4-D L.V. 6 Ester, Weedar 64, Weedestroy, Weedone 
Target plants: annual, biannual and perennial broadleaf weeds and brush; grasses are tolerant if 

appropriate timing is used 
Target area on plant: foliar applied; also an effective seed germination inhibitor (pre-emergent soil 

application) 
How the active ingredient works: auxin growth regulator 
Typical application rates: 0.5 - 4 lbs ae/acre (1lb ae/acre most common) 
Experience in California forestry: 1940’s 
Soil/water quality: water soluble; has low binding affinity in soil; found to often have intermediate to 

high mobility in soil 
Human toxicology: low to slight acute toxicity rating with the exception of the acid and salt forms 

being severe eye irritants; Carcinogenicity – Group D (Not classifiable) 
Wildlife/Aquatics toxicity: slightly to moderately toxic to mammals (dogs more sensitive because of 

limited ability to excrete organic acids); practically non-toxic to moderately toxic to birds; 
practically non-toxic to honey bees; particularly nontoxic for 2,4-D acid/ salt formulations and 
ester formulations highly toxic to fish, aquatic invertebrates and amphibians 
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Most recent comprehensive risk assessment: SERA 2006; EPA 2005 

Borax (sodium tetraborate decahydrate) 
Trade names: Sporax 
Target plants: Annosus root disease (Heterobasidion annosum).  This fungus often infects freshly cut 

conifer stumps. 
Target area on plant: top of freshly cut stump surface 
How the active ingredient works: Inhibits growth of fungi by preventing production of conidia or 

asexual spores.  
Typical application rates: 0.1 - 5 lbs Sporax/acre (1 lb Sporax/acre most common) 
Experience in California forestry: CA forestry unknown.  First pesticide using Boron 1948 
Soil/water quality: boron is a naturally ubiquitous micronutrient found in low doses throughout  

waterways (water soluble) and soil; transforms rapidly into borates.  Soil absorption of borate 
compounds varies depending on factors such as soil type and water pH. 

Human toxicology: Borax products are Category I due to a high degree of acute toxicity for eye  
irritation effects; Oral, inhalation and dermal acute toxicity levels are moderate. Product does 
not constitute a hazard. 

Wildlife/Aquatics toxicity: practically nontoxic to birds, fish and aquatic invertebrates, and  
relatively nontoxic to beneficial insects; risks to birds, fish and wildlife species are minimal given 
that boric acid has limited outdoor use, low toxicity, and is a naturally occurring substance. 

Most recent comprehensive risk assessment: SERA 2006; EPA 1993  

Clopyralid 
Trade names:  Transline 
Target plants: narrow range (in CA) including thistles and knapweed, but can affect  

composites, legumes, buckwheats 
Target area on plant: most effective as post-emergent so foliar application best; little root  

absorption leads to only short term (30-45 days) pre-emergent effects 
How the active ingredient works: auxin growth regulator 
Typical active ingredient application rate: less than ½ lb. per acre 
Experience in California forestry: extensive on private lands since mid-1990’s 
Soil/water quality: low potential for movement through soil 
Human toxicology: moderate to low acute toxicity rating, not a carcinogen.  An impurity in the  

technical grade material (hexachlorobenzene) is toxicologically significant (probable human 
carcinogen) 

Wildlife/Aquatics toxicity: slightly to practically nontoxic to birds; practically nontoxic to fish  
and aquatic invertebrates; relatively nontoxic to bees, earthworms, spiders 

Most recent comprehensive risk assessment: SERA 2004; U.S EPA approved Transline® label and 
Material Safety Data Sheet 
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Glyphosate  
Trade names: Accord, Buccaneer, Gly, Glyfos, Glypro, Razor, Rodeo, Roundup  
 No aquatic labels are specifically listed for the Propose Program 
Target plants: broad spectrum, effective against most woody and herbaceous plants  
Target area on plant: foliar application 
How the active ingredient works: aromatic amino acid biosynthesis inhibitor 
Typical active ingredient application rate: 1-4 lbs. per acre 
Experience in California forestry: extensive since late 1970’s 
Soil/water quality: Strongly adsorbed by soil particles; once in soil, does not move.  Not  

detected in water when best management practices are implemented. 
Human toxicology: slightly to practically non-toxic acute toxicity rating, not a carcinogen. 
Wildlife/Aquatics toxicity: Practically nontoxic to mammals, birds, bees, aquatic invertebrates;  

slightly toxic to fish; formulated products with some surfactants show moderate toxicity to fish 
and other aquatic organisms. 

Most recent comprehensive risk assessment: SERA 2003, EPA 1993 

An impurity in certain formulations (1,4-dioxane) is toxicologically significant (probable human 
carcinogen). 

Hexazinone 
Trade names: Velpar XP {Extruded Paste (XP) replacing Dry Flowable (DF) 2007}, Velpar L  
Target plants: broad spectrum, controls many woody and herbaceous species  
Target area on plant: Soil under or adjacent to target plant; a pre-emergent herbicide 
How the active ingredient works: photosynthetic inhibitor (taken up by roots, then translocated to 

leaves) 
Typical active ingredient application rate: 1-3 lbs. per acre 
Experience in California forestry: extensive since the late 1970’s 
Soil/water quality: water soluble, mobile in soils and water.  Has been detected in streams and  

shallow groundwater. 
Human toxicology: slightly to practically nontoxic acute toxicity rating, not a carcinogen  
Wildlife/Aquatics toxicity: slightly to practically nontoxic to fish, aquatic invertebrates, birds,  

bees 
Most recent comprehensive risk assessment: SERA 2005, EPA 2004 

Imazapyr 
Trade names: Arsenal AC, Chopper 
Target plants: broad spectrum – annual, perennial grasses, broadleaf and woody plants (true fir, 

lodgepole pine, Douglas fir are tolerant, sugar and ponderosa pine less so; legumes are 
tolerant) 

Target area on plant: foliar application, but also has some pre-emergent properties on grasses and 
annuals  

How the active ingredient works: branched-chain amino acid biosynthesis inhibitor  
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(AHAS/ALS); plant resistance can develop 
Typical active ingredient application rate: less than 1 lb. per acre 
Experience in California forestry: extensive on private land since mid-1990’s 
Soil/water quality: persistence in soil highly variable; potential for water contamination,  

although soil adsorption is high 
Human toxicology: practically nontoxic acute toxicity rating, not a carcinogen 
Wildlife/Aquatics toxicity: practically nontoxic to mammals, birds, fish, bees 
Most recent comprehensive risk assessment: SERA 2005, EPA 2004 

Sulfometuron methyl 
Trade names: Oust, Oust XP 
Target plants: broad spectrum – annual, perennial; grasses, broadleaf plants (thistles are  

tolerant) 
Target area on plant: soil under or near target plant, has pre and post emergent effects 
How the active ingredient works: branched-chain amino acid biosynthesis inhibitor  

(AHAS/ALS); plant resistance can develop (sulfonyl urea family of herbicides) 
Typical active ingredient application rate: less than ½ lb. per acre 
Experience in California forestry: limited on private lands; potential issues with off-site non- 

target vegetation damage and possible conifer growth effects   
Soil/water quality: Somewhat persistent in soil; movement through soil is possible; water  

contamination is possible; drift with wind erosion of topsoil possible 
Human toxicology: low to slight acute toxicity rating, not a carcinogen 
Wildlife/Aquatics toxicity: slightly to practically nontoxic acute toxicity to mammals, fish,  

birds, aquatic invertebrates 
Most recent comprehensive risk assessment: SERA 2004, EPA Expected 2008 

Triclopyr 
Trade names: Garlon, Redeem, Remedy, Pathfinder, Turflon Ester 
Target plants: broad leaved and woody plants; not effective on grasses 
Target area on plant: foliar application 
How the active ingredient works: auxin growth regulator 
Typical active ingredient application rate: 1-2 lbs. per acre 
Experience in California forestry: extensive since 1970’s 
Soil/water quality: does not easily move through soil; not detected in surface water  
Human toxicology: low acute toxicity rating, not a carcinogen 
Wildlife/Aquatics toxicity: slightly toxic to mammals, birds, fish; slightly to particularly  

nontoxic to bees, and invertebrates (soil and aquatic) 
Most recent comprehensive risk assessment: SERA 2003; EPA 1998 
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Appendix D 

 

Adjuvants 
 

This appendix is verbatim from The Nature Conservancy Weed Control Methods 

Handbook: Tools & Techniques for Use in Natural Areas (Tu, Mandy, et. al. 2001. Wild 

Invasives Species Team, The Nature Conservancy) (TNC 2001).  It gives a comprehensive 

overview of adjuvants and their relationship to herbicides.  
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M. Tu & J.M. Randall 
 
 
 

 
Chapter 8 - ADJUVANTS 

Chapter Contents 
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          Nonionic   
          Ionic     
          Amphoteric   
     - Oil adjuvants (COC)  
          Petroleum oils 
          Vegetable oils   
     - Ammonium fertilizers  
  Utility Adjuvants    
     - Wetting agents (spreaders)  
     - Dyes 
     - Drift control/foaming agents  
     - Thickening agents 
     - Deposition agents (stickers) 
     - Water conditioners 
     - Compatibility agents 
     - pH buffers 
     - Humectants 
     - Defoaming/antifoam agents 
     - UV absorbents 
Examples & Contacts 
FAQs & Tips 
References 
 

Synopsis 
An adjuvant is any compound that is added to a herbicide 
formulation or tank mix to facilitate the mixing, application, 
or effectiveness of that herbicide.  Adjuvants are already 
included in the formulations of some herbicides available for 
sale (e.g. RoundUp®), or they may be purchased separately 
and added into a tank mix prior to use.  Adjuvants are 
chemically and biologically active compounds, and they may 
improve the effectiveness of the herbicide they are added to, 
either increasing its desired impact and/or decreasing the 
total amount of formulation needed to achieve the desired 
impact.  Some herbicides require the addition of an adjuvant 
to be effective.  Some adjuvants enhance the penetration of 
herbicide into plants by ensuring adequate spray coverage 
and keeping the herbicide in contact with plant tissues, or by 
increasing rates of foliar and/or stomatal penetration. 
 
The U.S. Environmental Protection Agency (EPA) regulates 
the inclusion of certain ingredients in adjuvant formulations, 
but it does not stringently test and regulate the manufacture 
and use of adjuvant products (as they do for herbicides and 
other pesticides). As such, there is little information on the 
effects of these different adjuvants, other than that provided 
by the manufacturer.  A herbicide label may specify what 
types of adjuvant are appropriate or advisable to use with 
that herbicide, but it will not suggest specific brands. 
Therefore, there is no good single resource or system to help 
you determine which specific adjuvant product (if any) to 
use for each application situation.  However, it is worth 
checking the label of any adjuvant you are considering to see 
if it is registered in certain states, such as California or 
Washington.  These states regulate adjuvants and require the 
disclosure of their ingredients, results from efficacy trials, 
and data from environmental and toxicological studies. The 
best source of information for which adjuvant to use (if any) 
in each situation is usually your local agriculture or 
university extension agent, county weed coordinator, or 
herbicide company representative. 
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INTRODUCTION TO ADJUVANTS 
An adjuvant is any compound that can be added to a herbicide formulation to facilitate the 
mixing, application, or effectiveness of that herbicide.  Adjuvants are already included in the 
formulations of some herbicides available for sale (e.g. RoundUp®), or they may be purchased 
separately and added into a tank mix prior to use (Pringnitz 1998).  Herbicides must overcome a 
variety of barriers to their entry into plants in order to be effective.  For example, herbicides 
applied to foliage must remain on the leaf instead of beading up and rolling off, then get past the 
leaf hairs and waxes on the leaf surface, then finally penetrate through the cell walls and cell 
membranes (DiTomaso 1999; Hull et al. 1982).  Some adjuvants alter the formulation so that 
they more completely and evenly cover plant surfaces thereby keeping the herbicide in contact 
with plant tissues rather than beading up and rolling off.  Others increase the formulation’s 
penetration through the cuticular wax, cell walls and/or stomatal openings.  In some situations, 
an adjuvant may enhance the formulation’s ability to kill the targeted species without harming 
other plants (i.e. enhance its selectivity; Hess & Foy 2000).  Adjuvants may also improve a 
herbicide’s efficacy so that the concentration or total amount of herbicide required to achieve a 
given effect is reduced, sometimes as much as five- or ten-fold (WSSA 1982).  In this way 
adding an appropriate adjuvant can decrease the amount of herbicide applied and lower total 
costs for weed control (Green 2001, 1992). 
 
Adjuvants are chemically and biologically active (NOT chemically inert) compounds.  They 
produce pronounced effects in plants and animals, and some adjuvants have the potential to be 
mobile and pollute surface or groundwater sources.  Be especially aware of the use of adjuvants 
near water, as adverse effects may occur in some aquatic species (Parr 1982).  The Material 
Safety Data Sheets (MSDSs) of most adjuvants will list materials that are incompatible with the 
adjuvant, conditions in which they should not be used, and some toxicological information 
(LC50 or LD50s), but this information is usually not as complete as that found on herbicide 
labels and MSDSs.  
 
Unfortunately, there is no good system available to help you assess which types of adjuvants (if 
any) to select for different situations, much less which brand will best meet your needs. Most 
herbicide labels specify the type of adjuvant to use for best control (see Box 1), but there are 
many different brands of most types of adjuvants to select from and few sources of good 
information regarding their relative performance under different conditions.  The best source of 
information is most likely your local agriculture or university extension agent, local county weed 
coordinator or herbicide company representative.  Local herbicide dealers may also offer 
suggestions, but be sure that the dealer is qualified to make recommendations (Carroll 2001). 
 
Adjuvants may be classified in a variety of ways, such as by their function (activator or utility), 
chemistry (such as organosilicones), or source (vegetable or petroleum oils) (Penner 2000b).  
This adds to confusion about which adjuvant to select in different situations.  In this chapter, we 
group adjuvants by their function, as either activator adjuvants or utility adjuvants (see Box 1).  
Activator adjuvants work to enhance the activity of the herbicide, often by increasing rates of 
absorption of the herbicide into the target plant(s).  Utility adjuvants, sometimes called spray 
modifiers, work by altering the physical or chemical characteristics of the spray mixture to 
improve its ease of application, its ability to remain on the plant surface rather than rolling off, or 
its persistence in the environment (McWhorter 1982).  There is much disagreement regarding 
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how certain adjuvants should be categorized, and to complicate matters further some adjuvants 
perform more than one function and thus really do fit in more than one category.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adding adjuvants allows the applicator to customize the tank formulation for each particular 
situation (Green 2001).  In many situations, adding an adjuvant can significantly enhance a 
herbicide’s effect (Green & Hazen 1998).  However, it is important to note that in some 
circumstances, adding adjuvants will not significantly improve control. For example, there is no 
benefit to be gained from adding an activator adjuvant when applying a herbicide to broadleaf 
weeds with thin cuticles that are growing in high humidity and shade (Kudsk & Streibig 1993).  
Sometimes adjuvants can have negative effects, such as actually decreasing the killing power of 
the herbicide (antagonistic effects), increasing the formulation’s ability to spread or persist in the 
environment where it is not wanted, or otherwise increasing harmful affects to non-target plants 
and animals (see Environmental Fates and Toxicity sections).  There is no universal adjuvant 
that can improve the performance for all herbicides, against all weeds, or under all 
environmental conditions.  The herbicide and adjuvant selected and the relative amounts used 
must be tailored to the specific conditions of each application.   
 
 

Box 1: Adjuvant Types* 
 
Activator Adjuvants     Utility Adjuvants (including Spray Modifiers) 
   Surfactants       - Wetting agents (spreaders) 
     - Nonionic (incl. organosilicones)    - Dyes  
     - Ionic      - Drift control & foaming agents 
     - Amphoteric      - Thickening agents 
        - Deposition agents (stickers) 
   Oil adjuvants (incl. crop oil concentrates)   - Water conditioners 
     - Petroleum oil concentrates    - Compatibility agents 
     - Vegetable oils     - pH buffers 

     - Humectants 
   Ammonium (nitrogen) fertilizers    - Defoaming & antifoam agents 

- UV absorbents 
 

*There are many ways to classify adjuvants.  In this chapter, we divide adjuvants into two primary types (activator 
or utility), based on their functions.  For a more complete listing of available adjuvants in the U.S., see the 
Compendium of Herbicide Adjuvants, available at http://www.herbicide-adjuvants.com/index.html. 
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SELECTING AN ADJUVANT  
Choosing an appropriate and effective adjuvant can be daunting.  To begin with, it is sometimes 
difficult to determine which adjuvants actually meet the recommendations on the herbicide label.  
There are hundreds of adjuvants available, and choosing the best one(s) will depend on the plant 
species targeted, its phenological stage, site conditions, current environmental conditions, and 
the method of application, etc. (see Box 2).  Herbicide labels and MSDS sheets often list the 
types of adjuvants recommended (see Box 4) (e.g., a nonionic surfactant), but they cannot 
recommend specific adjuvant brands.  A further complication is that the US EPA does not 
stringently regulate the manufacture and marketing of adjuvants since many compounds in 
adjuvants are classed as ‘inert’ compounds. Compounds in a herbicide are often referred to as 
‘inert’ if they do not kill plants or regulate their growth directly (i.e. they are not the active 
ingredients such as glyphosate or triclopyr).  These compounds however, may be (and usually 
are) chemically and biologically active.  In contrast, adjuvant formulations that do not cause any 
significant biological or chemical effects, are often referred to as ‘inert’; this is closer to the 
meaning of the word ‘inert’ as it is used in the study of chemistry, but still not entirely the same.  
Another source of confusion is that adjuvant manufacturers sometimes change the chemical 
formulation of an adjuvant formulation from one year to the next, even though it is marketed 
under the same name.  A factor to consider is that certain adjuvants or adjuvant mixes may 
sometimes be more toxic to certain non-target organisms than the herbicide itself.  For example, 
the surfactant included in RoundUp® is more toxic to fish than the active ingredient glyphosate.  
For this reason it is not legal to use RoundUp® over water bodies, but glyphosate formulations 
sold without a surfactant (e.g. Rodeo®) are legal in aquatic situations.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 2: Some factors to consider when choosing an adjuvant 
 
Environment 
Site conditions (Aquatic or terrestrial?  In sensitive areas?) 
Current conditions (Air temperature? Windy?) 
Water chemistry (Hard or soft water? Low or high pH?) 
 
Target(s) 
Species and growth form  
Phenological stage 
Dense or sparse growth? (Will it warrant high volumes of spray?) 
Barriers to penetration (Waxy, hairy or thick leaves?) 
Method of application (foliar spray, boom spray, stump paint, hack & squirt) 
 
Other 
Product interactions or compatibility issues 
Order of mixing into the tank mix 
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How to choose an adjuvant 
We recommend that once you decide which herbicide to use, you should contact your local 
(county or otherwise) weed coordinator, agriculture commissioner, and/or your local university 
weed extension agent for suggestions.  Some herbicide companies, such as DuPont (2000, 2001), 
produce lists of brand-name adjuvants that are approved for use with their herbicides, but most 
companies do not.  Local representatives from the herbicide companies (or their technical help 
phone lines), as well as your local chemical supplier or dealer, may also suggest adjuvants that 
enhance the effects you want from an herbicide.   
 
California and Washington have some of the strictest state regulations for herbicides and 
adjuvants.  In order for an adjuvant to be registered in these two states, the adjuvant company 
must divulge all product ingredients, list all registered components on the label, and submit 
efficacy data to prove the product will do what the company says it will.  To see if the adjuvant 
that you are interested in using is labeled in these states, see: 
 

http://www.cdpr.ca.gov/docs/label/labelque.htm#regprods 
http://picol.cahe.wsu.edu/LabelTolerance.html 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
A complete and up-to-date listing of all currently available adjuvants, listed by name and by 
type, is available in the Compendium of Herbicide Adjuvants, prepared by Bryan Young (2000) 
of Southern Illinois University.  This compendium is available hardcopy for $3.00, or can be 
viewed online at http://www.herbicide-adjuvants.com/index.html. 
 
Cautions about adjuvant use 
Always follow the herbicide label for mixing instructions and proportions to use.  U.S. EPA-
approved label directions have the full force of federal law behind them, and must be followed 
for lawful herbicide application.  Consider how the resulting formulation (herbicide plus 
adjuvants) will affect populations of desirable native plants and other organisms.  Will the 
adjuvant increase damage to the desirable plants to unacceptable levels?  If the formulation is 
likely to do more harm than good overall, do not use it.  Also consider the timing of your 

Box 3. Tips for adjuvant selection (from Brian Carroll of the Helena Chemical Company 2001) 
 

• Read labels, but remember that adjuvants are not regulated on the federal-level by the U.S. EPA, and 
are therefore not held to any strict standards. 

• Always consult your local agriculture extension agent, local weed coordinator, or local chemical 
dealer 

• Calculate the cost of adjuvant based on % active ingredient 
• Be familiar with the adjuvant company and salesperson-are they reputable? 
• Look for a California or Washington registration number on the label – these states require all 

adjuvant products sold within the state to be registered with their state’s equivalent to the U.S. EPA.  
To be registered, the company must divulge all product ingredients, list all registered components on 
the label and submit efficacy data to prove the product will do what the company says it will do 

• Buy high-quality adjuvants 
• It is not always necessary or desirable to add an adjuvant 
• Use good application techniques and calibrate equipment often. 
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application.  For example, plants under stress (drought, etc.) do not translocate herbicides as well 
as fast-growing, healthy plants and are therefore more difficult to kill with herbicide (Pringnitz 
1998). 
 
Adding more than one adjuvant to a tank mix adds complexity, because different products may 
interact and interfere with one another, and/or it may be illegal to combine them (Pringnitz 
1998).  Read labels of each product you intend to add to the mix to determine if there are any 
restrictions regarding their use.  Remember that in most states, adjuvants are not regulated, so 
you may need to take extra care to determine whether they will perform as advertised.  Compare 
the quantity of active ingredients in similar types of additives to help determine value.  Be wary 
of any product that makes exaggerated claims. 
 
 
 

Herbicide 
(Examples of common brands) 

Box 4. Recommended* adjuvant types, for the herbicides listed in this handbook 

2,4-D 
(many brands) 

Most brands recommend adding a nonionic surfactant; may be mixed with a nitrogen 
fertilizer or crop oil concentrate 

Clopyralid 
(Transline®, Stinger®) 

Nonionic surfactant 

Fluazifop-p-butyl 
(Fusilade DX®) 

Nonionic surfactant or crop oil concentrate 

Fosamine ammonium 
(Krenite S®) 

Oil-based surfactant suggested 

Glyphosate 
(RoundUp Original®) 

Adjuvants already added; nonionic surfactant or ammonium sulfate may also be added 

Glyphosate 
(RoundUp Ultra®) 

Adjuvants already added; ammonium sulfate may also be added 

Glyphosate 
(Rodeo®, Aquamaster®, Glypro®) 

Nonionic surfactant 

Hexazinone 
(Velpar L®) 

No recommendations on label 

Imazapic 
(Plateau®) 

Methylated seed oil or crop oil concentrate; nonionic surfactant; silicone-based surfactant; 
fertilizer-surfactant blends 

Imazapyr 
(Arsenal®) 

Methylated seed oil or crop oil concentrate; nonionic surfactant; silicone-based surfactant; 
fertilizer-surfactant blends 

Picloram 
(Tordon K®, Tordon 22K®) 

Nonionic surfactant 

Sethoxydim 
(Poast®, PoastPlus®) 

Methylated seed oil or crop oil concentrate; urea ammonium nitrate or ammonium sulfate 
(not recommended in Pacific Northwest, not allowed in California) 

Sethoxydim 
(Vantage®) 

Adjuvants already added, none needed 

Triclopyr 
(Garlon 3A®, Garlon 4®) 

Nonionic surfactant 

 
*Recommended from herbicide labels.  Be sure to always follow the label instructions for specifics on 
choosing and mixing herbicides and adjuvants.  
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REGULATION OF ADJUVANTS 
As of 2003, regulatory agencies in the U.S. still pay relatively little attention to the regulation of 
adjuvants for herbicides.  In the absence of consistent labeling laws, thousands of different 
formulation and brands of adjuvants are marketed and sold without consistent ingredient lists or 
proper scientific trials (Swisher 1982).  This lack of regulation is probably at least partially the 
result of the role of adjuvants in reducing overall rates of pesticide use in the U.S. and because 
adjuvants have historically been perceived as ‘inert’ or GRAS (generally regarded as safe) 
compounds. 
 
The U.S. EPA has exempted about 2,500 chemical compounds from restrictions for use as 
adjuvants, and therefore, does not require that they be tested and registered.  The 1996 Food 
Quality Protection Act (FPQA), however, is eliminating the ‘inert’ classification and changing 
how adjuvants will be regulated.  FPQA requires that the U.S. EPA review all adjuvant 
exemptions to ensure “reasonable certainty of no harm.”  As of early 2003, there has been little 
action and resources from the U.S. EPA to begin this testing or to regulate adjuvants.  A few 
states however, have their own laws regarding adjuvants.  For instance, California and 
Washington both regulate adjuvants and require the disclosure of their ingredients, data from 
efficacy trials, and environmental and toxicological studies. 
 
Prompted by regulations at the state-level, concern regarding product quality, and government 
proposals to require full disclosure of ingredients, the adjuvant industry has started to self-
regulate (Green 2001; Underwood 2000).  There is currently a movement by the Chemical 
Producers and Distributor Association (CPDA) to require a certification process based on 17 
standards for labeling and manufacturing, but this has not yet been fully implemented.  These 
adjuvant producers also state that they intend to hold properly designed experimental trials and 
to make these results available to the herbicide companies as well as to consumers (Green 2001). 
 
ENVIRONMENTAL FATES OF ADJUVANTS  
The long-term fates of most adjuvants in soils and elsewhere in the environment are largely 
unknown, partially because of the lack of long-term monitoring data, but also because the 
ingredients in most adjuvants are not disclosed.  Most adjuvant labels or Material Safety Data 
Sheets (MSDSs) include information on the adjuvant’s physical properties (boiling and freezing 
points, specific gravity, evaporation point, etc.), fire and explosion hazard data, reactivity data, 
and health hazard data.  Unlike herbicide labels however, most adjuvant labels or MSDSs do not 
include information of the compound’s behavior or fates in the environment (in plants and soil).  
Most adjuvant labels and MSDSs also do not describe the adjuvant’s mechanism of action, rates 
of metabolism within plants, rates of photodegradation or microbial degradation, persistence 
(half-life) in the environment, potential for volatilization, or potential mobility in soil or water. 
 
It is known that many surfactants adsorb to soil particles (Bayer & Foy 1982).  Because of this, 
surfactants tend to be less toxic to plants in soil than to plants growing in water or other aqueous 
solutions or in nutrient culture alone (Bayer & Foy 1982).  Adjuvants from different chemical 
groups have different effects and toxicities in different soil types.  For instance, when applied 
directly to soils (as in pre-emergence herbicide formulations), ester adjuvants tend to have 
greater impacts in sandy soils while ether adjuvants are most effective on clay soils.  Adjuvants 
that are alcohols are most effective in soils with high levels of organic matter.  
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TOXICITY OF ADJUVANTS  
Although adjuvants are typically categorized as “inert” or “essentially non-phytotoxic” (i.e. not 
toxic to plants) compounds, many can produce wide ranging effects on physiological and 
metabolic processes within plants, animals, and/or microorganisms (Norris 1982; Parr & Norman 
1965).  Almost all of these effects can occur at low concentrations or doses.  Some adjuvants can 
have pronounced effects on biochemical processes, including enzyme activity.  Some can disrupt 
or otherwise alter biological membranes, which affect the quantity and rate of uptake and 
movement of nutrients and other materials within plants.  Some adjuvants may create changes in 
cell membrane permeability or enzyme activity.  Some can deter seedling germination, but the 
level of impact varies among plant species.  Adjuvants can enter plants through their leaves, 
stems or roots.  Plant roots tend to be extremely sensitive to adjuvants in nutrient solutions since 
their fine roots have no waxy cuticle layer to prevent absorption, unlike leaves and stems. 
 
The effects of some adjuvants are subtle and transitory, but the impacts of others can be long 
lasting (Parr & Norman 1965).  Parr (1982) reports that some surfactants produce either 
stimulatory or inhibitory effects on the growth and metabolic processes of biological systems, 
depending on the plant species, and the chemistry, concentration, and dose of the surfactant.  
There is typically a dose response when adjuvants are used, meaning that an adjuvant may have 
no effect at relatively low concentrations, be stimulating at intermediate concentrations, and 
toxic at high levels (Norris 1982).  For instance, most surfactants work to decrease surface 
tension at the spray droplet-leaf cuticle interface, and this reduction is typically maximized at 
concentrations ranging from 0.01 to 0.1%.  However, pronounced toxic effects in plants can be 
found once surfactant concentrations become greater than 0.1%.  Some plants are stimulated to 
grow by nonionic surfactants when applied up to 0.001%, but these same compounds have 
phytotoxic effects at a mere 0.005%.  Cationic surfactants repressed algal growth at 
concentrations of only 0.0005%, but after 2 weeks, growth was stimulated, indicating that these 
effects can be transitory depending on the surfactant used (Parr 1982).   
 
Some adjuvants can have adverse effects on aquatic species, and certain types can be extremely 
toxic to fish and shellfish.  Some adjuvants (such as the surfactant MONO818® in RoundUp®) 
are toxic to fish and also interfere with cutaneous respiration in frogs and gill respiration in 
tadpoles (Tyler 1997 a,b; Folmar et al. 1979).  Parr (1982) reports that some adjuvants caused 
noticeable alterations in fish gill tissue, and that the toxicity of these adjuvants increased as 
exposure time increased.  Other adjuvants can inhibit bacteria by disrupting their cell membranes 
(Norris 1982).  Earthworms incubated in soil with a cationic surfactant, however, showed no 
detrimental effects even after a 90-day exposure (Bayer & Foy 1982).  “Normal” environmental 
exposure levels of surfactants and emulsifiers to humans, however, would appear to be negligible 
based on the extremely high dosages that are typically necessary to cause toxic responses in 
mammals (Parr 1982). 
 
TYPES OF ADJUVANTS  
There are many ways to classify adjuvants, and there is currently no standard system used by all 
adjuvant or herbicide manufacturers.  A good review of different adjuvant terms and definitions 
can be found in Hazen (2000) or in Van Valkenburg (1982).  In this chapter, we divide adjuvants 
into two primary types based on their functions: activator adjuvants and utility adjuvants (Hess 
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1999; Kirkwood 1994).  Activator adjuvants enhance the activity of the herbicide, often by 
increasing rates of absorption of the herbicide into the target plant(s).  Utility adjuvants, which 
are sometimes called spray modifiers, alter the physical or chemical characteristics of the spray 
mixture making it easier to apply, increasing its adherence to plant surface so that it is less likely 
to roll off, or increasing its persistence in the environment.  
 
When deciding which type of adjuvant to use, remember to always read and follow the directions 
on the herbicide label.   
 
Activator Adjuvants 
Activator adjuvants are compounds that when added to the spray tank, enhance herbicide activity 
(Penner 2000a).  Activator adjuvants include surfactants, oil carriers such as phytobland (not 
harmful to plants) oils, crop oils, crop oil concentrates (COCs), vegetable oils, methylated seed 
oils (MSOs), petroleum oils, and silicone derivatives, as well as nitrogen fertilizers.  Some 
brands of herbicide formulations already include activator adjuvants (e.g. RoundUp Ultra® 

contains the herbicide glyphosate and a surfactant, and Pathfinder II® which contains the 
herbicide triclopyr, an oil carrier which is an activator, and a dye which is a utility adjuvant).  
 
Oils are sometimes used alone as contact herbicides and in other situations as adjuvant carriers 
for synthetic herbicides. Salts may also be used as activator adjuvants, often to fertilize and 
enhance the growth of the target plant in the short-term, which can increase the uptake and effect 
of the herbicide in the slightly longer term.  Salt adjuvants of this type are used extensively in 
crop agriculture and in some rangelands, but are rarely appropriate in wildlands. 
 
Surfactants  
Surfactants are the most widely used and probably the most important of all adjuvants (Miller & 
Westra 1998).  The name is derived from surface active agents and these compounds facilitate 
or enhance the emulsifying, dispersing, spreading, sticking or wetting properties of the herbicide 
tank mix (includes spray modifiers).  Surfactants reduce surface tension (see Box 5) in the spray 
droplet, which ensures that the formulation spreads out and covers plants with a thin film rather 
than beading up.  This facilitates herbicide absorption into the plant.  Surfactants can also 
directly influence the absorption of herbicides by changing the viscosity and crystalline structure 
of waxes on leaf and stem surfaces, so that they are more easily penetrated by the herbicide 
(Kirkwood 1999; Coret et al. 1993).  
 
Some herbicide formulations come with a surfactant already added, but most require the addition 
of a surfactant for good control results.  Surfactants are generally not added to pre-emergent 
herbicides that are applied directly to soil (Miller & Westra 1998). 
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Surfactants work by improving contact between spray droplets and plant surfaces, and enhance 
absorption by: 
 

1. Making the spray solution spread more uniformly on the plant 
2. Increasing retention (or ‘sticking’) of spray droplets on the plant 
3. Increasing penetration through hairs, scales, or other leaf surface structures 
4. Preventing crystallization of spray deposits 
5. Slowing drying and increasing water retention in the spray droplets 

 
The effectiveness of a surfactant is determined by environmental conditions, characteristics of 
the target plant, and by interactions between the surfactant and the herbicide.  Surfactants 
contain varying amounts of fatty acids, which are compounds capable of binding to two types of 
surfaces, such as oil and water. It is important that the degree of solubility of the surfactant in oil 
or water match the solubility of the herbicide.  The Hydrophilic –Lipophilic Balance (HLB) is a 
measure of the balance between hydrophilic (water-soluble) and lipophilic (oil-soluble) 
components in fatty acids (see Box 6).  A surfactant’s HLB can therefore indicate the conditions 
under which the surfactant will perform best. 
 

Box 5: Surface Tension  
 
All fluid surfaces exhibit a phenomenon called “surface tension.” Surface tension results because molecules in 
a pure fluid are attracted strongly to each other, but molecules on the surface of a fluid are not completely 
surrounded by other fluid molecules and so have unmatched forces. These unmatched forces contain potential 
energy.  Nature strives to disperse energies, and in this case works by minimizing the surface area of the fluid 
surface, which in turn minimizes the number of unmatched molecules and therefore minimizes potential 
energy.  The unmatched molecular forces on the surface of the liquid also tend to form a barrier between the 
volume of fluid and its surroundings, much like an elastic skin.  
 
It is surface tension that makes droplets become spherical in shape, and makes water bead up on glass. A 
sphere has the minimum possible surface area for a given volume of liquid.  Surface tension influences the 
sizes of droplets in a spray, rates of evaporation, the likelihood that droplets will roll off leaves, etc.  Static or 
equilibrium surface tension (EST) is the surface tension strength of well-established surfaces, while dynamic 
surface tension (DST) is the surface tension strength of new or highly disturbed surfaces, such as the surface 
of a newly formed spray droplet, or the surface of a droplet striking a leaf surface. 
 
Increasing the concentration of a surfactant in a tank mix generally decreases DST, which in turn increases the 
probability that a droplet will adhere to a leaf and spread onto its surface, thus improving penetration of the 
herbicide through leaf cuticle.  Adding too much surfactant, however, can sometimes negatively affect this 
wetting and spreading ability.  For instance, some surfactants work by increasing droplet size to decrease DST, 
and are thus less prone to drift.  If too much surfactant is added however, these larger spray droplets may roll 
or fall off, therefore being less likely to adhere to a leaf surface.  Hence, more adjuvant does not necessarily 
translate into better control results. 
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Nonionic Surfactants  
Nonionic surfactants are the most commonly recommended and used adjuvants.  Labels for most 
post-emergent herbicides used in wildlands that do not already contain a non-ionic surfactant 
often recommend the addition of one.  Nonionic surfactants have no ionic charge and are 
hydrophilic (water-loving).  They are generally biodegradable and are compatible with many 
fertilizer solutions.  Some nonionic surfactants are waxy solids and require the addition of a 
cosolvent (such as alcohol or glycol) to solubilize into liquids.  Glycol cosolvents are generally 
preferred over alcohols, as the latter are flammable, evaporate quickly, and may increase the 
number of fine spray droplets (making the formulation likely to drift when sprayed).  The 
adjuvant label or MSDS should specify the active ingredient (alcohol, glycol, ether, etc.) of the 
adjuvant product. 
 
Organosilicone and silicone surfactants are two types of nonionic surfactants.  Organosilicone 
surfactants drastically reduce surface tension to the point where the herbicide droplets thin and 
coalesce to form a thin layer on the leaf surface (known as “superspreading”).  They can even 
reduce surface tension to the point that some of the formulation may be able to slide through the 
microscopic stomatal openings on leaf surfaces.  Once through the stomates however, the 
herbicide formulation must still penetrate the thin cuticle and cell membranes of the cells that 
line the cavity below the stomates.  
 
Silicone surfactants also decrease surface tension and may allow spray solutions to penetrate the 
stomates.  They can also make the formulation nearly impossible to wash off (rainfast) even if it 
rains shortly after they are applied (Green 2001; Roggenbuck et al. 1993).  Silicone surfactants 
can also influence the amount/rate of herbicide that is absorbed through the cuticle.  

Box 6: Hydrophilic-Lipophilic Balance (HLB) 
 
Surfactants contain both hydrophilic and lipophilic components (this is called amphiphatic).  The hydrophilic-
lipophilic balance (HLB) is a measure of the molecular balance of the hydrophilic and lipophilic portions of the 
compound.  Many herbicides have an optimum surfactant HLB, and surfactants that most closely match a 
particular herbicide’s optimum HLB will optimize the formulation’s spread on and penetration into plants. 
Unfortunately, information about the HLB of most surfactant products is not available or hard to find, and so 
matching them appropriately is difficult (Green 2001). 
 
For nonionic surfactants, the optimum surfactant HLB for a herbicide can be predicted based on the solubility of 
the herbicide in water (Griffen 1954 in Green 2001).  For ionic surfactants, the HLB can be estimated by 
observing their dispersablity in water (with no dispersion = 1 to 3; poor dispersion = 3 to 6; unstable milky 
dispersion = 6 to 8; stable milky dispersion = 8 to 10; translucent to clear dispersion = 10 to 13; and clear solution 
= 13+). 
 
Typically, low HLB surfactants work best with water insoluble herbicides, while high (>12) HLB surfactants 
work best for water-soluble herbicides.  For example, surfactants with a high HLB are more active with the 
hydrophilic herbicide glyphosate, while more lipophilic, low HLB surfactants are more active with the lipophilic 
quizalofop-P ester.  Surfactants with intermediate HLB values are the most active with intermediately soluble 
nicosulfuron.  Additionally, low HLB surfactants permit the formation of invert emulsions (water-in-oil).  Mid- 
and upper-range HLB may be wetting agents or for oil-in-water emulsions, and high HLB surfactants are often 
used as detergents or solubilizers.  One the other hand, a surfactant that is incorrectly matched may even 
deactivate a herbicide (Gaskin & Holloway 1992)
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Ionic Surfactants 
Ionic surfactants possess either a positive (cation) or a negative (anion) charge, and can pair 
readily with oppositely charged herbicides, increasing the solubility of polar herbicides in water.  
Ionic surfactants may complex with other compounds in the mix (including contaminants in the 
water) in unexpected ways, and this can interfere with their function.  For this reason, nonionic 
surfactants are more commonly recommended. 
 
Ionic surfactants are not often used in wildland settings, but are frequently used in agriculture.  
The most common cationic surfactants used in agriculture may be the tallow amine ethoxylates, 
which are often used with glyphosate.  The most common anionic surfactants are sulfates, 
carboxylates, and phosphates attached to lipophilic hydrocarbons. 
 
Amphoteric Surfactants 
Amphoteric surfactants contain both a positive and negative charge and typically function 
similarly to nonionic surfactants.  A commonly used amphoteric surfactant is lecithin 
(phosphatidylcholine), which is derived from soybeans.  There is little published research on the 
use and efficacy of amphoteric surfactants. 
 
Oil Adjuvants 
Oil adjuvants can increase the penetration of oil-soluble herbicides into plants, and are 
commonly used when conditions are hot and dry, and/or when leaf cuticles are thick.  They are 
derived from either refined petroleum (mineral) oils or from vegetable oils (including seed oils), 
and do not readily mix with water.  Therefore, when an oil adjuvant is combined with water in a 
spray tank, a surfactant emulsifier must also be added, which distributes the oil droplets 
(micelles) uniformly throughout the mix.  These “emulsifiable oil” adjuvant combinations 
typically contain both a non-phytotoxic oil (typically ranging 80 to 99%) and a surfactant (1 to 
20%), and are added to the spray tank usually as just 1% of the total spray volume (Hess 1999).  
 
Emulsifiable oil adjuvant blends can enhance the absorption of an oil-soluble herbicide into the 
plant more than an oil adjuvant by itself.  Adding a surfactant to the mixture not only emulsifies 
the oil in the water-based spray solution, but also lowers the surface tension of the spray 
solution.  These adjuvants can also increase herbicide absorption through the plant cuticle, 
increase spray retention on leaf surfaces, and reduce the time needed for the herbicide 
formulation to become rainfast (Pringnitz 1998; Miller & Westra 1996).  The exact mode of 
action of these oils is unknown, but they enhance the spread of droplets on plant surfaces (Gauvit 
and Cabanne 1993 in Green 2001).  They may also split open the cuticle and increase both the 
fluidity of cuticular components and herbicide diffusion rates (Santier & Chamel 1996 in Green 
2001).  
 
Two types of emulsifiable oil adjuvants are “crop oils” and “crop oil concentrates” (COC). Crop 
oils contain up to 5% surfactant and COCs may contain up to 20% surfactant  (Hess 1999). 
COCs enhance spreading and penetration and are used primarily with grass-specific herbicides 
(Miller & Westra 1996). Crop oils and COCs do not necessarily contain oil derived from crop 
plants (although some do), but are so named because they are intended for application to crops 
(Pringnitz 1998).  
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Petroleum oils 
Petroleum oils or petroleum oil concentrates are highly refined oils, which are often used as 
carriers of oil-soluble herbicides.  They are typically used in low quantities (generally 0.25 to 1 
gallon/acre), and when used as carriers, can reduce surface tension, increase wetting and 
spreading, give quicker absorption, improve rainfastness, and reduce loss of carrier during and 
after application (Bohannan & Jordan 1995 in Green 2001).  
  
Petroleum oil concentrates may include paraffinic and napthalenic oils.  Paraffinic oil can 
smooth epicuticular wax, or cause cracks in the cuticle, allowing increased herbicide penetration 
(Foy & Smith 1969 in Green 2001). Paraffinic oils are sometimes referred to as dissolving 
waxes, but in fact, paraffinic oils are poor solvents and only soften wax. 
 
Vegetable oils  
Vegetable-derived oils (from soybeans, cottonseeds, etc.) also decrease surface tension, but they 
are not as effective as other surfactants at increasing spreading, sticking, or penetration (Miller & 
Westra 1996).  Vegetable oils are generally of two types: triglycerides or methylated oils. 
Triglycerides are essentially oil-surfactant hybrids, and are generally called “seed oils.”  These 
seed soils are extracted from plants by pressing or solvent extraction, and tend to have higher 
viscosities than methylated oils.  Triglyceride oils usually contain only 5 to 7% surfactant 
emulsifier, while methylated seed oils contain 10 to 20% surfactant.    
 
Methylated seed oils (MSO) are better solvents than petroleum-based oils, but their role as a 
solvent of cuticular waxes is controversial.  The composition of these oils varies depending on 
the seed source and can influence efficacy (Nalewaja 1994).  Esterified seed oils are vegetable-
seed oils with a surfactant or an emulsifier already added.  They have good spreading and 
penetration properties, but tend to be more expensive than other oil adjuvants. 
 
Ammonium (Nitrogen) Fertilizers  
Ammonium, or nitrogen, fertilizers are often added to herbicide mixes in range and row-crop 
agriculture situations, where the addition of fertilizer works to both enhance herbicidal effects as 
well as to stimulate the growth of desirable crop or forage plants.  Ammonium fertilizers can 
function as utility adjuvants, because they help prevent the formation of precipitates in the tank 
mix or on the leaf surface.  They also decrease surface tension, increase spreading of the 
herbicide on the leaf surface, neutralize ionic charges, and increase herbicide penetration into the 
leaf (Nalewaja & Matysiak 2000).  Ammonium fertilizers are used primarily with broadleaf-
specific herbicides (Miller & Westra 1996; Wanamarta et al. 1993).  
 
Ammonium fertilizers used as adjuvants include urea-ammonium nitrates (UAN), ammonium 
sulfates, ammonium nitrates and ammonium polyphosphates.  Although their exact mode of 
action in herbicide control is unknown, they are often used to enhance the postemergence 
activity of weakly acidic herbicides, primarily by increasing herbicide absorption.  The activity 
of ammonium fertilizers is strongly herbicide- and species-specific, and is probably dependent 
on several mechanisms.  
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Ammonium sulfates are also used to reduce antagonism by hard water ions in spray solutions.  
Iron, zinc, magnesium, sodium, potassium and calcium ions can react with certain herbicides 
(such as 2,4-D and glyphosate) to form precipitates or herbicide salts, decreasing the efficacy of 
those herbicides (Nalewaja and Matysiak 1993).  Ammonium sulfate prevents the formation of 
the calcium salt of glyphosate (Thelen et al. 1995), and is recommended in most areas with hard 
water (Hartzler 2001).  
 
Utility Adjuvants (including Spray Modifiers) 
Utility adjuvants are added to improve the application of the formulation to the target plants.  By 
themselves, they do not directly enhance herbicidal activity (McMullan 2000).  Instead, they 
change the physical or chemical properties of the tank mix in ways that make it easier to apply to 
the target plant(s), minimize unwanted effects, and broaden the range of conditions under which 
a given herbicide formulation can be effective.  
 
Most utility adjuvants are typically not used in wildland situations, since herbicides applied in 
wildlands are generally not applied aerially, with large booms, or in tank mixtures with several 
herbicides and other additives.  Examples of the different types of functions that different utility 
adjuvants have are listed below.  There is some overlap of these functional categories.  Some 
activator adjuvants are also utility adjuvants and some even have herbicidal effects of their own. 
 
Wetting or Spreading Agents 
Wetting agents or spreading agents lower surface tension in the spray droplet, and allow the 
herbicide formulation to form a large, thin layer on the leaves and stems of the target plant.  
Since these agents are typically nonionic surfactants diluted with water, alcohol, or glycols 
(Hazen 2000), they may also function as activator adjuvants (surfactants).  However, some 
wetting or spreading agents affect only the physical properties of the spray droplets, and do not 
affect the behavior of the formulation once it is in contact with plants.   
 
Dyes  
Dyes are commonly used for spot or boom spraying.  We recommend the use of a dye for most 
herbicide treatments in wildlands even if applied with small handheld sprayers or wicks because 
the presence of a dye makes it far easier to see where the herbicide has been applied and where it 
has dripped, spilled or leaked.  Dyes make it easier to detect missed spots and to avoid spraying a 
plant or area twice.  It is never appropriate to use food coloring or any other substances that have 
not been approved or labeled by the U.S. EPA for use as herbicide adjuvants. 
 
Drift Control & Foaming Agents  
Drift control agents are designed to reduce spray drift, which most often results when fine (< 150 
µm diameter) spray droplets are carried away from the target area by breezes, including those 
caused by the aircraft or vehicle carrying the spray equipment (Downer et al. 1998). Drift control 
agents alter the viscoelastic properties of the spray solution, yielding a coarser spray with greater 
mean droplet sizes and weights, and minimizing the number of small, easily-windborne droplets 
(Hewitt 1998).  These agents are typically composed of large polymers such as polyacrylamides, 
and polysaccharides, and certain types of gums. 
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Foaming agents also act as drift control agents.  When used with specialized nozzles, these 
agents create foams with different degrees of stability (Witt 2001).  These foams can be placed 
more precisely than standard liquid sprays, and are sometimes used to mark the edge of spray 
applications.  Foams ensure complete coverage without over-spraying.  Foaming agents are 
usually added in quantities of 0.1 to 4.0% of the entire spray mixture (McWhorter 1982). 
 
Thickening Agents  
Thickening agents can modify the viscosity of spray solutions and are used to reduce drift, 
particularly for aerial applications (Witt 2001). They are used primarily in agriculture. 
Thickening agents may include water swellable polymers that can produce a “particulated 
solution,” hydroxyethyl celluloses, and/or polysaccharide gums.  Viscosity can also be increased 
by making invert emulsions (follow directions on individual herbicide labels) of the spray 
solution.  The compatibility of the thickening agent with the tank mix can be influenced by the 
order of mixing, pH, temperature, and/or the salt content of the tank solution.  Thickening agents 
are typically used in areas where sensitive populations or crops are growing close to treated areas 
(McWhorter 1982). 
 
Deposition Agents (Stickers) 
Deposition agents, or stickers, are used to reduce losses of formulation from the target plants due 
to the droplets evaporating from the target surface, or beading-up and falling off.  Spray 
retention on difficult-to-wet leaf surfaces is regulated by the degree of surface tension and 
energy dissipation during the spray process. Deposition agents such as guar gum can reduce 
surface tension while increasing the viscoelasticity of the droplets (Bergeron et al. 2000).  
Stickers keep the herbicide in contact with plant tissues by remaining viscous, and therefore 
resist being washed-off by rain or knocked off by physical contact.  Stickers are generally the 
most useful with dry wettable powder and granule formulations (Hazen 2000). 
 
Film-forming vegetable gels, emulsifiable resins, emulsifiable mineral oils, vegetable oils, 
waxes, and water-soluble polymers can all be used as stickers (Witt 2001).  Fatty acids 
(technically anionic surfactants) are frequently used as stickers, and although they are “naturally 
derived” and are typically considered safe, they may have considerable contact activity.  Certain 
oils may also function as stickers, but only if they have a low degree of volatility (Hazen 2000).  
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Water Conditioners   
Water conditioners are frequently added when the water used in the formulation is high in salts 
in order to minimize or prevent reactions between ions in the spray solution and the herbicide, 
which would result in the formation of precipitates or salts.  When there are many cations 
present, as in hard water, they can react with the herbicide, decreasing the uptake and effect of 
the herbicide.  For instance, high levels of calcium in water (hard water) reduce the control 
efficacy of glyphosate (Nalewaja & Matysiak 1993).  Similarly, sodium bicarbonate reduces the 
efficacy of sethoxydim (Matysiak & Nalewaja 1999).  A water conditioner, such as ammonium 
sulfate (which also happens to be a nitrogen fertilizer), can negate this effect for both glyphosate 
and sethoxydim (McMullan 2000). 
 
Compatibility Agents 
Compatibility agents prevent chemical and/or physical interactions between different herbicides 
and fertilizers that could lead to non-homogeneous or unsprayable mixtures when these 
compounds are combined. For instance, if the herbicides bentazon and sethoxydim are mixed, 
they may react to form precipitates, resulting in reduced rates of sethoxydim penetration 
(Wanamarta et al. 1993). In most cases, the herbicide label will state which herbicides may or 
may not be mixed together.   
 
Some herbicides are applied with fertilizers or fertilizer solutions, especially in agricultural 
settings.  Compatibility agents are used to keep these herbicides in suspension, and are generally 
added with a liquid fertilizer (Witt 2001).  Most herbicides can be applied in nitrogen solutions 
without any compatibility problems, but compatibility may be poor when the water contains high 
levels of various salts (hard water), or when the water is unusually cool.  When 2,4-D is applied 
with liquid-nitrogen fertilizers the solution may separate even if mixed vigorously unless a 
compatability agent is added to the mix.   
 
pH Buffers 
pH plays a large role in herbicide efficacy.  The pH of the tank mix affects the half-life solubility 
and efficacy of the herbicide, and may determine whether or not precipitates form (McMullan 
2000).  Being able to buffer or otherwise control changes of pH in the tank mix can be important 
in preventing herbicides from being degraded by acid or base hydrolysis in aqueous solutions.  
Some herbicides are sold with a pH buffer already included.  Adjuvants that adjust or buffer pH 
can also improve the herbicide’s dispersion or solubilization in the mix, control its ionic state, 
and increase tank-mixture compatibility.  pH buffers are most beneficial when used in extremely 
alkaline or acid water, which could otherwise have detrimental effects on the herbicide’s 
performance (McWhorter 1982).  
 
Humectants 
Humectants, like stickers, increase the amount of time that the herbicide is on the leaf, in a form 
available for uptake (Hazen 2000).  When water evaporates from the spray droplet and the 
herbicide becomes a crystalline residue, it is no longer available for uptake into the leaf.  
Humectants keep the spray deposit moist and in true solution, and therefore extend the time that 
it is available for absorption (Hess 1999).  They are generally water-soluble and increase the 
water content of spray deposits by slowing the drying time or by drawing moisture from the 
environment.  Commonly used humectants include glycerol, propylene glycol, diethylene glycol, 
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polyethylene glycol, urea, and ammonium sulfate.  Even glucose and molasses were used as 
humectants in the past, but they are not labeled for such use and should not be added to any 
herbicide formulation. 
 
Defoaming and Antifoam Agents  
Defoaming and antifoam agents reduce or suppress the formation of foam in spray tanks (Witt 
2001).  Many spray mixtures have a tendency to foam excessively, especially when mixed with 
soft water, which can cause problems during mixing (foam overfill) or when rinsing the sprayer 
(McMullan 2000).  Most defoamer agents are dimethopolysiloxane-based, but silica, alcohol, 
and oils have also been used for this purpose.  Defoaming agents can reduce surface tension, 
physically burst the air bubbles, and/or otherwise weaken the foam structure.  In general, it is 
easier to prevent foam formation than to eliminate foam after it forms (Green 2001).  Antifoam 
agents are usually dispensed from aerosol cans or plastic-squeeze bottles, and are added directly 
to the mix at the onset of foam formation.  The highest concentration needed for eliminating 
foam is typically about 0.1% of the entire tank.  Some applicators in agricultural settings even 
use kerosene or diesel fuel at about 0.1% for eliminating foam in spray tanks, but this is not 
recommended in natural areas. 
 
UV Absorbents  
Natural sunlight, especially ultraviolet light, may degrade some herbicides (Green 2001).  A few 
adjuvants that protect herbicides from the deleterious effect(s) of sunlight are available.  They 
may do this by either physical or chemical processes, such as by increasing the rate of herbicide 
uptake into the cuticle, or by absorbing the UV-light themselves.   
 
 
A FEW EXAMPLES OF COMMONLY USED HERBICIDES AND ADJUVANTS IN 
NATURAL AREAS 
The choice of herbicide and adjuvant to be used will depend on the target weed, site and 
environmental conditions, cost of chemicals, and in some cases, on state regulations.  The 
herbicides and adjuvants listed below are not necessarily examples of the best combinations to 
use, but these mixes have been used in a few natural areas with some success.  Examples are 
given only for glyphosate and triclopyr, and contact information for the mentioned land 
managers follow these examples. 
 
GLYPHOSATE 
RoundUp Pro® 
Andropogon virginicus (broomsedge), Paspalum conjugatum (buffalograss), Melinis minutiflora (molasses grass) 
and Setaria palmifolia (palmgrass) 
Pat Bily (TNC-Hawaii) used a 2% solution of RoundUp Pro® with water-soluble packets of blue Turfmark® dye for 
foliar applications in Hawaii.  A surfactant was already included in the RoundUp Pro® formulation so there was no 
need to add any other adjuvants.   
 
Panicum repens (torpedo grass) and Urochloa distichya (Tropical signalgrass) 
Mike Renda and Jovan Dodson (TNC-Florida) used a 2% solution of RoundUp Pro® with SunEnergy® surfactant 
(applied at 1oz/gallon) for foliar applications.   
 
Rodeo® 
Phragmites australis (common reed) and Rosa multiflora (multiflora rose) 
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Curtis Hutto (Virginia Dept. of Cons. & Rec.) reports a 90% kill rate for common reed and multiflora rose using a 
2% solution of Rodeo® with 0.5% TL-90® non-ionic surfactant, applied with a backpack or ATV-mounted sprayer. 
Curtis adds that it will take 2 successive fall applications to multiflora rose to achieve a 90% mortality rate.  It takes 
2 or 3 applications to get a 90% kill rate on common reed. 
 
Mimosa pigra (catclaw mimosa), Lygodium japonicum (Japanese climbing fern), Panicum repens (torpedo grass), 
Paederia foetida (skunkvine), Lantana camara (lantana), Solanum viarum (tropical soda apple) and Imperata 
cylindrica (cogon grass) 
Michael Jenkins (Florida Park Service) reports excellent control (>95% kill) results with a 4% solution of Rodeo® 
plus a 0.3% solution of either Silken® or Kinetic® organosilicone surfactant to catclaw mimosa foliage.  He also 
reports excellent control on Japanese climbing fern, torpedo grass, skunkvine, lantana, and tropical soda apple with 
a 2.5% solution of Rodeo® plus a 0.3% solution of Silken® or Kinetic®.  He has also controlled cogon grass using a 
1% solution of Rodeo® with 0.3% solution of Silken® or Kinetic®, applying it on foliage in late fall. 
 
Phalaris arundinacea (reed canarygrass) 
Mandy Tu (TNC-Oregon) reports good control of reed canarygrass by first mowing in late spring-early summer at 
the onset of flowering, then applying a foliar spray of Rodeo® in a 2% solution with either 0.5% Bio-88® or R-11® 
nonionic surfactant in fall, before the first frost.  The formulation can be applied with a backpack sprayer or an ATV 
with a boom attachment. 
 
Typha spp. (cattails) 
Russ McClain (TNC-West Virginia) reports near 100% kill of cattails in West Virginia by combining 2.5 gallons 
Rodeo®, 1 quart Surf-Ac 820® nonionic surfactant plus Blazon® blue turf dye and 7.25 gallons of water to make 10 
gallons of tank mix.  Since cattails often grow in sensitive wetland areas, Russ recommends applying the 
formulation using the “bloody glove” or “glove of death” (herbicide soaked cotton gloves worn over rubber or 
nitrile gloves, and stroked over the target weed leaf surfaces) technique for minimal off-target effect. 
 
Accord® 
Hypericum perforatum (St. Johnswort), Lythrum salicaria (purple loosestrife), and Phalaris arundinacea (reed 
canarygrass) 
Jack McGowan-Stinski (TNC-Michigan) uses Accord® herbicide in a 2.5% a.i. with Hi-Light Dye® tablets (1 tablet 
per gallon mix) for the control of St. Johnswort.  He applies the formulation to St. Johnswort foliage by either 
wicking using a modified exterior sponge PVC adapted to a Solo® backpack sprayer, or by using a backpack 
sprayer. For purple loosestrife and reed canarygrass, he first cuts the stems then applies Accord® in a 5% a.i. 
solution with the Hi-Light Dye®, and applies the mix using either a backpack sprayer or a sponge wicking applicator 
to the stem and cut surface.  Jack adds that the sponge wicking applicator gives extremely targeted applications with 
minimal off-target effects (see Appendix 1 for details on how to construct one of these applicators).  
 
Rhamnus frangula (glossy buckthorn) 
Jack McGowan-Stinski (TNC-Michigan) controls buckthorn shrubs using a cut-stump herbicide treatment.  He first 
cuts each stem 6 inches above the ground surface, and within at most 5 minutes, applies Accord® in a 14% a.i. mix 
directly to that cut surface using a sponge-tipped applicator (see Appendix 1 for more details).  He has also 
controlled buckthorn by wicking a 5% a.i. Accord® mix to the foliage with a specially made PVC tube tipped with a 
sponge applicator and connected to a Solo® backpack sprayer.   Accord® can also be sprayed onto foliage using a 
2% a.i. mix.  
 
TRICLOPYR 
Garlon 3A® 
Polygonum cuspidatum (Japanese knotweed) 
Jonathan Soll (TNC-Oregon) reports near 100% kill of knotweed using a 3 to 5% solution of Garlon 3A® with 1 
oz/gallon Hasten® ethylated seed oil.  For treatments  near water, he uses a 3-5% solution of  Garlon 3A® with 1 
oz/gallon of R-11® nonionic surfactant.  Jonathan recommends first cutting the stems in spring, then foliar spray the 
regrowth with a backpack sprayer in fall. 
 
Foeniculum vulgare (fennel) 
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Bob Brenton and Rob Klinger (UC Davis) report near 95% kill of fennel in California by using 1 lb a.i./acre of 
Garlon 3A® with a 0.25% solution of Pro-Spreader® activator nonionic surfactant.  They recommend using a 
backpack sprayer to apply to foliage in early spring. 
 
Dioscorea bulbifera (air potato) 
Michael Jenkins (Florida Park Service) reports good control of air potato with a 2.5% solution of Garlon 3A® plus a 
0.3% solution of either Kinetic® or Silken® surfactant, applied as a foliar spray onto leaves. 
 
Rosa multiflora (multiflora rose), Elaeagnus umbellata (autumn olive) and Ailanthus altissima (tree of heaven)  
Curtis Hutto (Virginia Dept. of Cons. & Rec.) applied undiluted Garlon 3A® with no additional adjuvant, to cut 
stems of multiflora rose and autumn olive and achieved 100% mortality for those species.  He found that the season 
of application did not matter for these species.  He has also used undiluted Garlon 3A® with no adjuvant on tree of 
heaven, using a girdle and squirt (cut into bark with a girdling knife, squirt in herbicide using a spray bottle) 
technique which caused about 95% mortality. 
 
Wedelia trilobata (trailing daisy) 
Mike Renda and Jovan Dodson (TNC-Florida) report moderate control of trailing daisy using repeated treatments of 
a 2% solution of Garlon 3A® with1 oz/gallon CideKick II® surfactant.  They also add TurfMark® dye (1 to 2 
oz/gallon) for these foliar treatments. 
 
Tibouchina herbacea (glorybush) and Ulex europaea (gorse) 
Pat Bily (TNC-Hawaii) controls these two invasive species in Hawaii using a 2% solution of Garlon 3A® combined 
with a 0.2% solution of Breakthru® organosilicone surfactactant as a foliar spray.  Pat adds that he obtains similar 
success by using either Sylwet L-77® or Sylgard® surfactants, applied using the same concentrations. 
 
Garlon 3A® or Garlon 4® 
Senna pendula (climbing cassia), Colubrina asiatica (Asiatic colubrina), Schinus terebinthifolius (Brazilian 
peppertree), Casuarina equisetifolia (Australian pine), and Cupaniopsis anacardioides (Carrotwood) 
Mike Renda and Jovan Dodson (TNC-Florida) have also had excellent control of these woody invaders by using 
either a cut-stump treatment with a 50% solution of Garlon 3A® (in water), or a basal bark treatment with 10% 
Garlon 4® mixed with 90% JLB® oil solution.  For both types of treatments, no other surfactants were used, but 
Turfmark® dye was added at a rate of 1 to 2 oz/gallon tank mix. 
 
Garlon 4® 

Rhamnus cathartica (common buckthorn) 
Bill Kleiman (TNC-Illinois) reports good control results on common buckthorn with a solution of 20% Garlon 4® 
and 80% mineral oil using the basal bark application technique.  He also adds Basal Red® dye at 3 oz/15 gallons to 
the tank mix. 
 
Garth Fuller & Colin McGuigan (TNC-Minnesota) also report good control of buckthorn, but they use a cut-stump 
treatment using a solution of 25% Garlon 4® with 75% Diluent Blue®. 
 
Tamarisk spp. (salt cedar, tamarisk) 
Ian Torrence (National Park Service- Utah) reports good kill rates for salt cedar by using two different treatments 
and concentrations of Garlon 4®.  He reports a 90 to 95% kill rate for a basal bark spray of 20% Garlon 4 in 80% 
JLB Oil Improved Plus® applied with a low-volume backpack sprayer.  He reports a 80 to 85% kill rate using a cut-
stump treatment with 25% Garlon 4® to 75% JLB Oil Improved Plus®.  Ian reports good control with trees up to 6 
inches in diameter using the basal bark method.  For larger trees with thicker bark, Ian recommends the cut-stump 
method, where the tree is first cut at its base and herbicide immediate applied to the cut surface (using squirt bottles 
or brushes), especially to the outer cambium layer.  Ian adds that JLB Oil Improved Plus® oil comes with a red dye 
already mixed in. 
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CONTACTS 
Pat Bily, Invasive Plant Specialist 
The Nature Conservancy-Maui Project, Hawaii 
808-572-7849 
pbily@tnc.org 
 
Bob Brenton  
brenvms@sbcglobal.net 
 
Curtis Hutto, State Natural Area Steward 
Virginia Department of Conservation and Recreation 
804-692-0479 
cjhutto@dcr.state.va.us 
 
Michael Jenkins, OPS Exotic Removal 
Florida Park Service 
Michael.R.Jenkins@dep.state.fl.us 
 
Bill Kleiman, Nachusa Restoration Ecologist 
The Nature Conservancy-Nachusa Grasslands Preserve, Illinois 
815-456-2340 
bkleiman@tnc.org 
 
Russ McClain, Conservation Ecologist 
The Nature Conservancy- West Virginia Chapter 
304-637-0160 
rmcclain@tnc.org 
 
Jack McGowan-Stinski, West Michigan Land Steward 
The Nature Conservancy-West Michigan Program Office 
616-776-0230 
jmcgowan-st@tnc.org  
 
Colin McGuigan, Central Minnesota Land Steward 
The Nature Conservancy-Minnesota Field Office 
612-868-5038 
cmcguigan@tnc.org 
 
Mike Renda and Jovan Dodson, Restoration Coordinator and Restoration Assistant 
The Nature Conservancy-Blowing Rocks Preserve, Florida 
561-744-6668 
mrenda@tnc.org or jdodson@tnc.org 
 
Jonathan Soll, Portland Area Stewardship Ecologist 
The Nature Conservancy–Oregon Field Office 
503-230-1221 
jsoll@tnc.org 
 
Ian Torrence, Vegetation Manager 
National Park Service, Southeast Utah Group 
435-719-2137 
Ian_Torrence@nps.gov 
 
 
ADJUVANT FAQs and TIPS:  
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Q: Are adjuvants necessary for good control results?  
Adjuvants are necessary for best control results in most herbicide applications.  Some brands of 
herbicide already include adjuvants and no others are needed. 
 
Q: If adding adjuvants or surfactants at labeled rates can lead to increased rates of control 
efficacy…should I add more to get even better performance? 
No!  Do not add any more adjuvant than amounts specified on the label.  Adding more adjuvant 
may lead to antagonistic effects between the adjuvant and the herbicide, rendering the mix 
useless.  Using adjuvants above label rates may also cause unwanted damage to non-target 
plants, soils, and to surface or groundwater sources.    
 
Q: Where do I find relevant information about herbicide and adjuvant compatibility? 
The herbicide label or MSDS will specify the best type of adjuvant to use with that herbicide.  It 
will also specify whether that herbicide can be mixed with any other herbicides and which ones. 
 
Q: Are surfactants ok to use in wetland or aquatic situations? 
Some surfactants (such as those included in RoundUp®) are toxic to fish, shellfish, and/or other 
aquatic invertebrates.  When applying herbicides to areas over or adjacent to water (including 
wetlands), be sure to use only those herbicides and surfactants (and other adjuvants) specifically 
approved for aquatic use.  In general, adjuvants (particularly surfactants) will not improve 
herbicide effectiveness against submerged aquatic weeds, but they may be important for use on 
emergent aquatic and riparian plants. 
 
Q: Are surfactants necessary in cut-stump applications? 
It is probably not necessary to use a surfactant in most cut-stump applications.  This may be, in 
part, because there is no waxy cuticle layer on a cut stump..  Jack McGowan-Stinski (TNC-
Michigan) has had success using herbicides without surfactant (e.g., Rodeo® instead of 
RoundUp®) and stresses the importance of applying the herbicide to the stump a short time after 
it is cut; best if no more than 5 minutes.  Jonathan Soll (TNC-Oregon) notes that whether you 
need to add a surfactant depends on what you are trying to kill.  In most cases, a general 
nonionic surfactant will suffice if the herbicide beads-up on the surface of the stem.  If the cut 
stumps of the plant you are treating exude an oily substance, use an oil-type of surfactant for 
good control. 
 
Q: Is it OK to add impure water into the tank mix?  Can I use pond water, salt water, or 
water from a well for making the tank mix? 
Wherever possible, use pure, clean, moderate-temperature water in your tank mix.  Pond water 
may contain soil particles that may adsorb to and render some herbicides or adjuvants useless, 
and water that is too cold may cause the herbicide to precipitate out of solution.  Good quality 
well water may be used, but if it contains high concentrations of ions (hard water - calcium, 
magnesium, etc.) or salts, try to find purer water (unless a buffering adjuvant is also used).  Well 
water can be tested locally for impurities.  Do not use salt water because the salts and ions it 
contains may create antagonistic effects with the herbicide, the adjuvants, or both, rendering the 
mix worthless. 
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Q: Can I use food coloring instead of a registered dye?   
No!  Food colorings are not registered for use with herbicides, and therefore should not be used 
as a dye in herbicide mixes. 
 
Q: Will the adjuvant decrease in effectiveness if I don’t use it up right away? 
In general, if adjuvants (as well as most herbicides) are stored under appropriate conditions (as 
specified on the label), they are relatively stable compounds and can be stored and used 
successfully for some time.  For instance, the herbicide hexazinone is stable for at least two 
years, and glyphosate can be stored for at least five years.  Most adjuvants do not include shelf-
life information on the label, but may have use-by dates on the container. 
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Appendix E 

 

How to Read a Pesticide Label 
 

This appendix is verbatim from The Nature Conservancy Weed Control Methods 

Handbook: Tools & Techniques for Use in Natural Areas (Tu, Mandy, et. al. 2001. Wild 

Invasives Species Team, The Nature Conservancy) (TNC 2001).  The U.S. EPA and the 

California EPA require all herbicide formulations to have labels that present pertinent 

information about their use.  All herbicide applicators are legally required to follow the 

instructions on these labels.  This appendix gives a comprehensive overview on how to 

interpret the information presented on labels.  
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APPENDIX 3: HOW TO READ A PESTICIDE LABEL

All pesticides registered for use in the U.S. must have a label that has been approved by
the federal Environmental Protection Agency (EPA).  The label contains information
about the product, including its relative toxicity, potential hazard to humans and the
environment, directions for use, storage and disposal, and first aid treatment in case of
exposure.  Product labels are legal documents whose language is determined and
approved by the EPA during the pesticide registration process.  Any use of a pesticide
inconsistent with the label requirements is prohibited by law.

Labels contain very specific information in language that is tightly regulated by the US
EPA.  The word “must” is used for actions that are required by law, while the word
“should” is used for actions that are recommended but not required.  One of the “Signal
words” (caution, warning, danger, and poison) used by the EPA to indicate relative
toxicity to humans, must appear on each label (see below).

Material Safety Data Sheets (MSDSs) are similar to product labels but need not contain
the same information.  While product labels are regulated and required by the EPA,
MSDSs are required by the U.S. Occupational Safety and Health Administration (OSHA)
for the protection of employees using pesticides or other hazardous chemicals.  All
chemical manufacturers must provide a MSDS to employers purchasing the chemicals.
The product label and MSDS should both be included with any product.  Both documents
contain important and reliable information that should be thoroughly reviewed before the
product is used.

Label Contents

1. Precautionary Statements – Pesticide labels highlight three types of hazards
associated with use of the product.  The “hazards to people and domestic animals”
section explains if and why a pesticide is hazardous, its potential adverse effects,
and safety gear that applicators are required to wear.  The “environmental
hazards” section discusses potential environmental damage including impacts to
non-target organisms, such as fish and wildlife, and provides measures that can
minimize ecological impacts.  The “physical and chemical hazards” section
outlines potential hazards due to the chemical and physical nature of the product,
such as flammability and explosiveness.

2. Directions for Use – The directions outline where, when, and how much of a
pesticide may be used and any special restrictions.  For herbicides, it lists all
plants or types of plants that the formulation in question is registered to control.
The law requires compliance with these directions.  An herbicide may not be used
to control a species or type of plant that is not listed on its label.
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Sample Product Label

1

2

3

4

PRECAUTIONARY
STATEMENTS

HAZARD TO HUMANS AND
DOMESTIC ANIMALS
(Signal Word)                                 
                                                         
                                                         
                                                         
                                                         

ENVIRONMENTAL HAZARDS
                                                         
                                                         
                                                         
                                                         

PHYSICAL OR CHEMICAL
HAZARDS
                                                         
                                                         
                                                         

DIRECTIONS FOR USE: It is a
violation of Federal law to use
this product in a manner
inconsistent with its labeling.

RESTRICTED USE PESTICIDE

RE-ENTRY STATEMENT
(if applicable)

STORAGE AND DISPOSAL

STORAGE                                      
                                                         

DISPOSAL                                     
                                                        

5

6

7

8

9

RESTRICTED USE PESTICIDE

Due to: [insert reason]

For retail sale to and use only by Certified Applicators or
persons under their direct supervision and only for those
uses covered by the Certified Applicator’s certification.

PRODUCT NAME

ACTIVE INGREDIENT(S): XX.00%

INERT INGREDIENTS: XX.00%

TOTAL: 100.00%

This product contains ___ lbs of ___ per gallon.

KEEP OUT OF REACH OF CHILDREN

               Signal Word                    [Poison]

[Skull & Crossbones]

First Aid

If Swallowed_______________________
If Inhaled _________________________
If on Skin _________________________
If in Eyes _________________________

SEE SIDE PANEL FOR ADDITIONAL
PRECAUTIONARY STATEMENTS

EPA Registration No. _______ [Registrant Name]
EPA Establishment No. _____ [Address, City,

State, zip code]

Net Contents ________

2

10

Directions for Use
(continued)

CROP/SITE                 
                                      
                                      

CROP/SITE                 
                                      
                                      

CROP/SITE                 
                                      
                                      

CROP/SITE                 
                                      
                                      

CROP/SITE                 
                                      
                                      

CROP/SITE                 
                                      
                                      

CROP/SITE                 
                                      
                                      

CROP/SITE                 
                                      
                                      

WARRANTY
STATEMENT
                                      
                                      
                                      

3. Reentry Statement – This section identifies the period of time following treatment
when re-entry to the treated area is prohibited.  If no statement is given, re-entry
should not be attempted until the spray dries or the dust settles.  Check with the
county agricultural commissioner for local restrictions.

4. Storage and Disposal Directions – This section outlines appropriate storage and
disposal procedures for unused portions of the pesticide and of the pesticide
container.

5. Statement of Use Classification – Each pesticide is designated and prominently
labeled as “General Use” or “Restricted Use”.  “Restricted use” pesticides are
those that would pose a significant threat to the applicator or the environment
without further regulatory restrictions.  Only certified pesticide applicators may
apply “restricted use” pesticides, and additional safety precautions may be
required.  The status of each pesticide can be found in the U.S. EPA’s Restricted
Use Products list (http://www.epa.gov/RestProd/rupoct00.htm).  Of the herbicides
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listed in this handbook, only picloram is of “restricted use.”  Be sure to check for
additional state restrictions (for example, certain formulations of 2,4-D are of
“restricted use” in California).

6. Brand Name, Chemical or Trade Name, Common Name, Formulation,
Ingredients, & Contents – The brand name is the name chosen by the
manufacturer for marketing purposes.  Often the same herbicide formulation is
marketed for different uses under different brand names.  For example, triclopyr
amine is sold as Garlon 3A® for commercial use, but a slightly different
formulation is sold as Turflon Ester® for residential use.  The chemical name
describes the molecular formula of the active ingredient.  Examples of chemical
names include: 3,6-dichloro-pyridinecarboxylic acid for clopyralid, or N-
(phosphonomethyl) glycine for glyphosate.  The common chemical name is for
the active ingredient itself - it is not specific to the formulation.  Examples of
common chemical names include glyphosate and triclopyr.

Pesticides are marketed in a variety of formulations including emulsifiable
concentrates, wettable powders, and soluble powders.  Often the brand name
indicates the formulation type.  For example, Garlon 3A® is the amine
formulation of triclopyr.

The product ingredients are listed as the percentage of active and “inert”
ingredients in the product.  The active ingredient is the pesticidally active
chemical.  Unlike most commonly accepted definitions of “inert”, the inert
ingredients in a pesticide product include all ingredients that are not pesticidally
active.  This does not necessarily imply that these ingredients are non-toxic, non-
flammable, or otherwise non-reactive.  The contents describe the total product
weight or liquid volume in the package.

Study Category I Category II Category III Category IV
Acute Oral > 50 mg/kg >50-500 mg/kg >500-5000 mg/kg >5000 mg/kg

Acute Dermal > 200 mg/kg >200-2000 mg/kg >2000-5000 mg/kg >5000 mg/kg

Acute
Inhalation

> 0.05 mg/liter >200-2000
mg/liter

>2000-5000
mg/liter

>5000 mg/liter

Eye Irritation Corrosive or
corneal
involvement or
irritation persisting
>20 days

Corneal
involvement or
irritation clearing
in 8-20 days

Corneal
involvement or
irritation clearing
in < 7 days

Minimal effects
clearing < 24 hrs

Skin Irritation Corrosive Severe irritation >
72 hrs

Moderate irritation
> 72 hrs

Mild or slight
irritation

Signal Word DANGER WARNING CAUTION CAUTION
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7. Signal Word – The signal word indicates how dangerous or toxic a product can
be.  The signal words “danger”, “warning”, or “caution” is determined by a
combination of acute toxicity studies, and the toxicity of each of the product
components.  Each toxicity study is assigned a toxicity category, and the highest
category determines the signal word that appears on the label.  Additionally,
“poison” and the skull-crossbones symbol are required for products in toxicity
category I for acute oral, dermal, or inhalation exposure, or for products that
contain certain “inerts”.

8. Statement of Practical Treatment – This section highlights important first aid
information for treating people exposed to the product.

9. Manufacturer, Registration and Establishment Numbers – The name and
address on the label should be used for contacting the product manufacturer.  The
Registration number is the EPA number that identifies the registered product.
The Establishment number identifies where the product was produced.

10. Warranty – The warranty statement is not required but often is provided by the
manufacturer.

Date Authored: April 2001
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Appendix F 
 

Label for 2,4 D (DMA 4 IVM Herbicide) 
 

This appendix is a label for one of the formulations of 2,4-D manufactured by Dow 
AgroSciences LLC. The information on this label is typical of what can be found on any 
herbicide label and is required of the manufacturer by the U.S. EPA and the California 
EPA. It contains information that will assist in the proper application of the herbicide to 
maximize the effect on target plants and minimize the effect on non-target organisms.  

 
 
 























 
California Department of Forestry and Fire Protection 
Vegetation Treatment Program  
Draft Environmental Impact Report 

 Appendix G-1 

 

Appendix G 
 

Material Safety Data Sheet for 2,4 D (DMA 4 IVM Herbicide) 
 

This appendix is a Material Safety Data Sheet (MSDS) for one of the formulations of 
2,4-D manufactured by Dow AgroSciences LLC. The information in this MSDS is typical of 
what can be found on any herbicide MSDS and is required of the manufacturer by 
numerous federal, state, and local laws and regulations. It contains information that will 
assist in the safe handling and storage of the herbicide.  
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Appendix H 

 

Guidelines for Herbicide Use 
 

This appendix is verbatim from The Nature Conservancy Weed Control Methods 

Handbook: Tools & Techniques for Use in Natural Areas (Tu, Mandy, et. al. 2001. Wild 

Invasives Species Team, The Nature Conservancy) (TNC 2001).  The Guidelines are 

designed to assist in assessing the impacts of herbicide use on target species, native 

non-target species, and the ecosystem.  They also assist in assessing potential health 

impacts to herbicide applicators and the public.   
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PURPOSE 
These Guidelines are designed to ensure that you carefully consider the overall
impacts of herbicide use on your conservation targets, other native species, and the
ecological system.  Base all decisions whether to control weeds, and whether to use
herbicides instead of other methods, on the conservation targets and management
goals for the site.  In addition, the health and safety of applicators and others in the
vicinity must be considered BEFORE pesticides are applied.  Simply put, one should
be confident that the proposed herbicide will do more conservation good than harm
and not endanger the health of the applicators or others in the area.

TO SPRAY OR NOT TO SPRAY?
Determining the right course of action in weed management can be difficult.  For many
land managers, whether to apply herbicides is an ethical decision that is not taken lightly.
Herbicides are often used as a last resort, when other attempts have failed, and action is
imperative.

The following checklist summarizes the steps that need to be taken to ensure that proper
consideration has been given to current weed problems, and that the use of herbicides is
warranted for each individual case.

1.  Determine whether invasive plants threaten conservation targets or management
goals on the site.  Use herbicides (versus other control methods) only if
confidant they can be used safely and will do more conservation good than
harm.  If you decide to use herbicides, be sure to record your reasons for doing
so.  TNC’s Site Conservation Program (http://www.consci.org/scp) can help
you identify targets and threats, and make a Site Conservation Plan.  TNC’s Site
Weed Management Plan Template (http://tncweeds.ucdavis.edu/products.html)
can help you set control priorities and develop a plan to implement them.   

2. Develop safety protocols for STORING, MIXING, TRANSPORTATING,
HANDLING SPILLS, and DISPOSING OF UNUSED HERBICIDES &
CONTAINERS BEFORE obtaining herbicides.

                                               
1 These Guidelines and TNC’s Standard Operating Procedures were designed to make TNC use of

herbicides meet or exceed the Worker Protection Standard for Agricultural Pesticides enacted by the U.S.
EPA January 1 1995. Although the Worker Protection Standard does not cover pesticide use in natural
areas, except on sites leased for agricultural production, TNC’s operations should at the very least measure
up to this Standard.

It is NOT the purpose of TNC’s Standard Operating Procedures nor of these Guidelines to require
stewards to produce lengthy herbicide use plans.

Chapter 5 – GUIDELINES1 FOR HERBICIDE USE
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3. Follow all federal, state and local regulations regarding herbicide use.  You
MUST read and follow product labels.  It is a violation of federal law to use an
herbicide in a manner inconsistent with its label.

4. Contact your State Department of Agriculture or County Agriculture
Commissioner for information about state and local regulations regarding
applicator permits and posting requirements.  (See the list of state regulatory
agencies in the Appendix.)

5. Check with the legal staff for your program (State or Regional Office)
BEFORE obtaining herbicides if you have any questions about regulations or
liability issues.

6. Herbicides may be applied only by TNC employees or contractors who have all
certificates and licenses required by the state and/or county.  Volunteers may
NOT apply herbicides unless they are properly licensed AND have signed a
consent & release form.

7.  Applicators MUST wear all protective gear required on the label of the herbicide
they are using.  Provide all safety and protective gear requested by the employee(s)
applying the herbicide.  The health and safety of the applicator are of foremost
concern.

SITE CONDITIONS
Site conditions to be considered include accessibility, proximity to open water, depth to
groundwater, the presence of rare species and other conservation targets, and the site's
sensitivity to trampling that could occur when the herbicide is being applied.

To prevent contamination of water bodies, management plans should carefully consider
the hydrology of the system that is being treated.  Hypothesize potential runoff scenarios
and take appropriate measures (such as buffer zones) to prevent them.  Underground
aquifers and streams should be considered as well.

The herbicides covered in this Manual are regarded as posing relatively low risk for use
in natural areas because they are not likely to contaminate groundwater, have limited
persistence in the environment, and are of low toxicity to animals.  Critical reviews of
several common herbicides are available at a small charge from the Northwest Coalition
for Alternatives to Pesticides (NCAP, P.O. Box 1393, Eugene, OR 97440, (503) 344-
5044, http://www.pesticide.org).  Information is also available from the National
Coalition Against the Misuse of Pesticides (NCAMP, 701 E Street SE #200, Washington
DC 20003, (202) 543-5450, www.ncamp.org).

In addition to federal pesticide registration, some states also have their own registration
procedures and requirements and almost all states have their own pesticide applicator
licensing, certification, or registration.  To find out if a particular herbicide is registered



Guidelines for Herbicide Use 5.3

Weed Control Methods Handbook, The Nature Conservancy, Tu et al.

for use on wildlands in your state, call the state pesticide regulatory agency (see the
Appendix for a list of state regulatory agencies).

ENDOCRINE DISRUPTING COMPOUNDS

The presence of synthetic chemicals in the environment, especially those designed to control unwanted
species (insecticides and herbicides), and the acute and long-term effects of those chemicals on wildlife
and humans have been of concern since the publication of Rachel Carson’s book “Silent Spring” in 1962.
New evidence indicates that the functioning of animals (including humans) endocrine systems can be
severely altered by low-level cumulative exposure to some synthetic chemicals.  Many different classes of
industrial chemicals released into the environment exhibit potential endocrine-disrupting activities, such
as mimicking or blocking the action of natural animal hormones.  Exposure to these compounds during
critical periods of development (in utero, or early postnatal) can result in irreversible damage to wildlife
and to humans.  In general, the compounds found in insecticides are usually more toxic than those in most
herbicides, as most herbicides block or alter biochemical processes found exclusively in plants.

Numerous studies have reported that agricultural and industrial waste chemicals adversely effect wildlife
populations.  Endocrine-altering compounds, however, can also be found naturally (such as the
phytoestrogen genistein, that is found in soy protein).  Some studies suggest that the effects of synthetic
chemicals are negligible relative to those of naturally occurring plant estrogens.  Many synthetic
compounds are known to bioaccumulate, which may greatly magnify their effects.  It has also been
suggested that combinations of synthetic compounds act synergistically with effects far greater than those
of any one compound.

Some studies suggest that synthetic endocrine-disrupting chemicals alter growth, development, and
reproduction rates, and can cause abnormal behavior in various wildlife species.  Further, there is
increasing concern regarding potential effects of synthetic endocrine disruptors on human reproduction
and development, including, but not limited to, increased breast and ovarian cancers, infertility, increased
testicular cancer, decreased semen quality, and increased spontaneous abortion rates.

A review by CAST (Council for Agricultural Science and Technology) published in 2000, concluded that
current scientific evidence does not clearly link endocrine-disrupting chemicals with decreased male
reproductive capacity or increased rates of breast cancer in women.  However, this review did not
completely dismiss the potential role that these chemicals may have as causative agents for adverse
human health effects.  Herbicides are only a small subset of all synthetic chemicals produced, and thus
far, only 2,4-D has been implicated for possible endocrine-disrupting impacts.  Some reproductive and
developmental problems in wildlife populations have been attributed to endocrine-disrupting chemicals,
but evidence of other effects are far from conclusive.

For more information:
Colborn, T., Dumanoski, D. and J.P. Myers.  1996.  Our Stolen Future: Are We Threatening Our Fertility,
Intelligence and Survival.  A Scientific Detective Story.  Penguin Books, New York.

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State.  2000.
Endocrine Disruption and Breast Cancer Risk.
http://envirocancer.cornell.edu/Bibliography/General/bib.endocrineDisruption.cfm

Lyons, G.  1999.  Endocrine disrupting pesticides.  Pesticides News 46: 16-19.  Pesticide Action Network
UK.

Safe, S.H., Foster, W.G., Lamb, J.C., Newbold, R.R. and G. Van Der Kraak.  2000.  Estrogenicity and
endocrine disruption.  Council for Agricultural Science and Technology (CAST), Issue Paper no. 16.
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HERBICIDE PROPERTIES
Consider the following herbicide properties when deciding which compound to use:

1. Effectiveness against the target species.
2. Mechanisms of dissipation (persistence, degradation, and likelihood

of movement via air or water to non-target organisms).
3. Behavior in the environment (in soils, water, and vegetation).
4. Toxicity to birds and mammals, aquatic species, and to other non-target

organisms (including algae, fungi, and soil organisms).
5. Application considerations
6. Safety
7. Human toxicology

In general for work in natural areas, it is best to select compounds that are effective
against the weed, not likely to drift, leach to groundwater or wash into streams, nontoxic
to people and other organisms, not persistent in the environment, and is easy to apply.  In
some circumstances, a single application of a more toxic or persistent chemical that kills
the weed, however, may be preferable to a less persistent, less toxic compound that must
be applied repeatedly.  Strive to do the job with the smallest total negative impact to the
environment.

PROTECTIVE GEAR FOR APPLICATORS
The health and safety of the applicator are of foremost concern.  Applicators MUST wear
all protective gear required on the label of the herbicide they are using.  Any additional
safety and protective gear requested by TNC applicators must be provided.  See the
following textbox (page 5.6) for additional information regarding personal protection
needs.

Even if not required, all TNC or volunteer applicators should wear the following when
mixing or applying herbicides:

1. Rubber boots,
2. Protective aprons or suits (e.g., disposable tyvek suits) or sturdy overalls that

are not used for other activities,
3. Rubber gloves (tyvek and nitrile gloves are recommended - one study

indicated that neoprene can be penetrated by herbicides under field
conditions),

4. Safety glasses or goggles.

Some applicators may even wish to wear respirators where not required.  A dust mask
may be worn when a respirator is not required, but pesticide safety officers point out that
dust masks usually fit loosely and do not stop volatile compounds. Furthermore, they can
indirectly increase chances of exposure if they cause heating, sweating, and irritation,
which induce the wearer to repeatedly wipe or scratch their face.
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Some companies that supply protective gear include:

A.M. Leonard, Inc.
241 Fox Drive
Piqua, Ohio  45356-0816
Phone: 1-800-543-8955
Web Address: http://www.amleonard.com

Ben Meadows Company
190 Etowah Industrial Court
Canton, GA  30114
Phone: 1-800-241-6401
Web Address: http://www.benmeadows.com

Forestry Suppliers, Inc.
P.O. Box 8397
Jackson, MS  39284-8397
Phone: 1-800-647-5368
Web Address: http://www.forestry-suppliers.com

Gempler’s Inc.
P.O. Box 270
Belleville, WI 5350
Phone: 1-800-382-8473
Web Address: http://www.gemplers.com

Lab Safety Supply Inc.
P.O. Box 1368
Janesville, WI  53547-1368
Phone: 1-800-356-0783
Web Address: http://www.labsafety.com

Safety Solutions, Inc.
6161 Shamrock Ct.
P.O. Box 8100
Dublin, Ohio 43016-2110
Phone: 1-800-232-7463
Web Address: http://www.safetysolutions.com
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PERSONAL PROTECTION IN HERBICIDE HANDLING
Adapted from Ohio State University’s Extension Publication #825 “Applying Pesticides Correctly”
by Jennifer Hillmer, The Nature Conservancy-Ohio

PERSONAL PROTECTIVE EQUIPMENT
Herbicide labels indicate the minimum protective equipment required.  This may vary by application technique.
Cotton, leather, canvas, and other absorbent materials are not chemical resistant, even to dry formulations.
§ Always wear at least a long-sleeved shirt, long pants, sturdy shoes or boots, and socks.  The more layers of fabric

and air between you and the pesticide, the better the protection.
§ A thick layer of spray starch on clothing will add some protection from pesticides.
§ Hands and forearms usually receive the most pesticide exposure.  Wear chemical-resistant gloves, and tuck shirt

sleeves into gloves (gloves should reach up the forearm, with cuffs to catch runs and drips).
§ Canvas, cloth, and leather shoes or boots are almost impossible to clean adequately.  Wear chemical-resistant

rubber boots that come up at least halfway to the knee if the lower legs and feet will be exposed to herbicides or
residues.

AVOIDING CONTAMINATION
§ Wear chemical-resistant gloves (rubber or plastic such as butyl, nitrile, or polyvinyl chloride are common types).
§ Make sure gloves are clean, in good condition, and worn properly.  Replace gloves often.  Wash and dry hands

before putting on gloves.  Wash gloves before removing them.
§ Wash hands thoroughly before eating, drinking, using tobacco products, or going to the bathroom.
§ Cuff gloves if pesticide is expected to run down towards the sleeves.  Tuck sleeves into gloves.

EYE AND RESPIRATORY PROTECTION
§ PPE labeling might require goggles, face shields, or safety glasses with shields.  Some formulas or handling

activities pose more risks to eyes than others.  Dusts, concentrates, and fine sprays have the highest risk of causing
pesticide exposure.

§ There are many types of dust-mist masks and respirators, all of which must fit and be used properly to be effective.
§ Respiratory protection is most important in enclosed spaces or when the applicator will be exposed to pesticides for

a long time.
§ Pesticides that can volatilize require the use of respirators.  Check label requirements.

PERSONAL CLEAN-UP AFTER HERBICIDE USE
§ Wash gloves and footwear (if possible) with detergent and water before removing them.
§ Change clothing and put clothes used during application in a plastic box or bag, and keep it away from children or

pets Use a mild liquid detergent and warm water to wash your hands, forearms, face, and any other body parts that
may have been exposed to pesticides.  Take a warm shower and wash your hair and body at the end of the work
day.

LAUNDRY
§ Do not wash work clothing and personal protective equipment in the same wash water with the family laundry.

Handle with care and wash your hands after loading the machine.
§ If you have chemical-resistant items, follow the manufacturer’s washing instructions.  Wash boots and gloves with

hot water and liquid detergent.  Wash twice, once outside and once inside.  Air-dry boots and gloves.
§ Rinse clothes in a machine or by hand.
§ Wash in plenty of water for dilution and agitation.
§ If using a washing machine, using heavy-duty liquid detergent in hot water for the wash cycles.
§ After washing the clothes, run the washer through one complete cycle with detergent and hot water, but no

clothing, to clean the machine.
§ Hang items to dry if possible in plenty of fresh air.  Do not hang in living areas.
§ Using a clothes dryer is acceptable, but over time the machine may become contaminated with pesticide residues.
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EMERGENCY PRECAUTIONS AND EQUIPMENT
Applicators must have easy access to emergency decontamination and first aid kits
whenever they are applying herbicides, even if they are out in the field.  All applicators
should have access to an eyewash kit and at least 2 gallons of clean water.

Decontamination kits are available from many suppliers or can be assembled
independently.  Rubber buckets or tubs with tight sealing lids are convenient for
homemade kits and should include:

1. Two (or more) 1 gallon containers filled with potable water,
2. Eyewash kits or eyewash bottles with buffered isotonic eyewash,
3. Hand or body soap (bring enough for all workers to thoroughly wash their

hands when in the field),
4. Paper or other disposable towels,
5. A full tyvek coverall with foot covers,
6. A map and directions to the nearest medical facilities.  Such maps should

be posted in prominent locations at all preserve offices and work
buildings.  Include a copy as an Appendix to your weed control plan.

POSTING TREATED AREAS
Federal requirements for posting treated areas, if any, are listed on the herbicide label.
Glyphosate, triclopyr and most other herbicides used in natural areas have no federal
posting requirements.  Some municipalities and counties have stricter requirements (e.g.,
Boulder, Colorado).  Always keep treated areas off limits to the public at least until the
herbicide dries.  Treated areas may be kept off limits for longer periods if the herbicide is
persistent in the environment.

When posting areas that are accessible to the public (trails, visitor centers etc.), place
notices at the usual points of entry or along the perimeter of treated sites.  The posting
should include a notice that the area has or will be treated, the name of the herbicide
used, the date of the treatment, appropriate precautions to be taken, the date when re-
entry is judged to be safe, and a phone number for additional information.  The notices
should be removed after it is judged safe to re-enter the area.

STORING HERBICIDES
Store herbicides in a well ventilated, cool, dry area where food and drinks are never
stored or prepared.  Most pesticides should not be stored for any length of time below 40°
F.  The floor should be concrete or lined with plastic or other impermeable material to
prevent leaks from reaching the soil.

The area should be inaccessible to the public and/or locked except when chemicals are
being removed or returned.  Containers should be labeled to indicate the following:
contents (ratio of herbicide, surfactant, water, etc.), date mixed, and approximate volume
remaining when placed in storage.  The containers must be stored carefully and never
stacked.
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Heavy plastic garbage bags, a shovel, and a soil absorbent (e.g., cat litter) must be
available for use in cleaning-up small leaks or spills.  For more information on spills see
below.

MIXING HERBICIDES
USE EXTREME CAUTION WHEN MIXING HERBICIDES!  Dermal exposure to a
small amount of a concentrated herbicide can be equivalent to the exposure received after
a full day of working in a treated field (Libich et al. 1984).  Before mixing any herbicide,
READ THE LABEL.  Herbicide labels are legal documents and users are obligated to
read and obey them.

Establish a mixing area.  Herbicides should be mixed only in pre-designated areas -
preferably either in an industrial sink near the storage site or in an area near the treatment
site(s) in which damage from small spills or other herbicide contamination would be
minimal.  Field mixing sites should have relatively few native or other desirable species,
not be susceptible to erosion or runoff, and rarely, if ever, be visited by the public or
preserve staff.   In addition, mixing sites should provide easy access for containment and
clean up of spills.

At the mixing site, assemble the appropriate equipment including safety and clean-up
gear and measuring and mixing utensils.  Heavy plastic garbage bags, a shovel, and an
absorbent (e.g. cat litter) must be easily available at field mixing sites in case of a larger
spill.  Remember to wear all protective gear while handling and mixing herbicides.
Avoid metal measuring utensils as some pesticides can react with metal.  Clearly label
herbicide-measuring equipment to avoid confusion with equipment used for measuring
food.  Wash all utensils before storage to prevent contamination of future mixes.

Prior to mixing, determine the order that chemicals will be added to the mix.  Generally,
adjuvants are added prior to the herbicide, but consult the label for specific instructions.
When mixing, start by filling the spray tank or other mixing vessel half to three-quarters
full with water.  The water should be clean and clear to prevent contamination of the
mixture or clogging of tank nozzles and hoses.  The water should have a neutral or
slightly acidic pH, as alkaline water can cause the pesticide to breakdown prior to
application.  Add a buffer or acidifier to the water if necessary.

Carefully measure the herbicide concentrate and add it to the tank water.  Small
measuring errors can lead to large errors in the amount of pesticide applied.  Be aware of
if you are using the active ingredient (a.i.) or acid equivalent (a.e.) of the herbicide (see
sidebar below for more details).  The measuring container should be rinsed and the
rinsate added to the tank solution.  The container of liquid herbicides should be triple
rinsed with ¼ container volume of water.  Add rinsate to the tank solution or store it in a
separate container labeled "WATER AND RINSATE FOR HERBICIDE ONLY,
NONPOTABLE"
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TRANSPORTING HERBICIDES
Herbicides should be transported in tightly sealed containers placed in a well-constructed
and watertight carrying box or bucket, such as a Rubbermaid tub or cat litter bucket.  A
good container will prevent leaks in vehicles, onto applicators, or to the environment.
Each program should develop techniques and use materials that will best serve the needs
of a particular site or circumstance.  In some cases, you may want to carry only a small
amount of herbicide to treat weeds encountered while conducting daily activities in the
field.

Jack McGowan-Stinski of TNC’s Michigan program uses large five-gallon buckets with
tight lids to transport herbicides and application equipment into the field.  The buckets
are large enough to hold all the necessary equipment and can be carried by groups of
volunteers.  Jennifer Hillmer of TNC’s Ohio Program often treats weeds distributed over
great distances while working in the field by herself.  Jennifer keeps pesticides in a
crook-necked squirt bottle for easy application and carries the squirt bottle and other
application equipment in a four-liter, square, leak-proof, Nalgene bottle, which can be

ACTIVE INGREDIENT (A.I.) VS. ACID EQUIVALENT (A.E.)

Labels on herbicide containers and instructions for mixing herbicides sometimes use units of herbicide active
ingredient (a.i.) or acid equivalent (a.e.).  The herbicide may be sold in different concentrations, but units of a.i.
or a.e. provide standard measures, so the mixing instructions can apply in all cases.  In order to follow these
instructions, you will need to determine how many a.i. or a.e. are in an ounce, or quart or liter, of the concentrate
on hand.

The “active ingredient” (a.i.) of an herbicide formulation is responsible for its herbicidal activity or ability to kill
or suppress plants.  The a.i. is always identified on the herbicide label by either its common name or chemical
name, or both.  Herbicide formulations available for sale commonly contain other so-called “inert” compounds
too.

The “acid equivalent” (a.e.) of an herbicide is just the acid portion of the a.i., and it is this acid portion that is
responsible for herbicidal effects.  The acid portion (or parent acid) is generally associated with other chemical
compounds to form a salt or an ester, which is more stable and better able to move through a plant’s waxy
cuticle, and into the plant.  The salt or ester is the a.i.

Weak acid herbicides are formulated as salts or esters through the addition of a salt or ester molecular group to
the parent acid molecule.  This allows the herbicide acid to mix properly with adjuvants and enhances the
compound’s ability to move into plant tissue.  Once the herbicide enters the plant, the salt or ester group is
cleaved off the parent molecule, allowing the acid to affect the plant.

Because the salt or ester molecular group can vary dramatically in size, a measure of the percent a.i., especially
in the case of a weak acid herbicide, does not adequately reflect the percentage of acid in the formulation.  Thus,
the a.e. is used to determine the amount of the product to be applied.

Product labels for weak acid herbicides will list the product’s percentage of active ingredient, as well as other
inert ingredients, at the top of the label.  The percentage of acid equivalent in the formulation is usually listed
below these percentages in a separate table or paragraph.
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carried in her backpack along with other field equipment.  Jennifer recommends
laboratory supply companies as a good place to find equipment for herbicide application
and storage.

APPLICATION OF HERBICIDES

Application Methods
Herbicides can be applied in a variety of ways.  The most appropriate application method
is determined by the weed being treated, the herbicide being applied, the skills of the
applicator, and the application site.  Standard application techniques can sometimes be
modified to better suit the needs of natural area management.  A few land managers have
come up with simple but ingenious techniques and tools that save money, are more
effective and safer, and are easier to use than standard methods.  We include some of
these in the detailed descriptions of techniques below, and encourage you to innovate
because there is still plenty of room for improvement.

Methods of application (diagrammed below) can be broadly classified as follows:

1) To intact, green leaves (foliar application)
a. Spot application (backpack applicator, spray bottle);
b. Wick application (wipe-on);
c. Boom application;

2) Around the circumference of the trunk on the intact bark (basal bark);
3) To cuts in the trunk/stem (frill; hack and squirt);
4) Injected into the inner bark;
5) To cut stems and stumps (cut stump);
6) In pellet form at the plant's base (rarely used in natural areas);
7) To the soil before the target species seeds germinate and emerge (rarely used in

natural areas).

4

1c 3
25

1a&b

6

7
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1. Foliar Applications
These methods apply herbicide directly to the leaves and stems of a plant.  An adjuvant
or surfactant is often needed to enable the herbicide to penetrate the plant cuticle, a thick,
waxy layer present on leaves and stems of most plants.  There are several types of foliar
application tools available.

A. Spot applicators – Spray herbicide directly onto target plants only, and avoid
spraying other desirable plants.  These applicators range from motorized rigs with
spray hoses to backpack sprayers, to hand-pumped spray or squirt bottles, which
can target very small plants or parts of plants.  Crook-necked squirt bottles and
similar equipment can be ordered from laboratory supply companies and are easy
to carry over distances and through dense vegetation.

B. Wick (wipe-on) applicators - Use a sponge or wick on a long handle to wipe
herbicide onto foliage and stems. Use of a wick eliminates the possibility of spray
drift or droplets falling on non-target plants.  However, herbicide can drip or
dribble from some wicks.

i. “Paint sticks” and “stain sticks” sold at local hardware stores have
been used successfully for wick application.  These sticks have a
reservoir in the handle that can hold herbicide, which soaks a roller
brush at the end of the handle.  The brush is wiped or rolled across
leaves and stems.

ii. The “glove of death” is a technique developed by TNC land stewards
for applying herbicide in an otherwise high quality site.  Herbicide is
sprayed directly onto a heavy cotton glove worn over a thick
rubber/latex (or nitrile) glove.  The wearer of the glove can then apply
the herbicide with total precision and little or no runoff.

C. Boom applicator - A boom, a long horizontal tube with multiple spray heads, is
mounted or attached to a tractor, ATV (or other four-wheel drive vehicle),
helicopter, or small plane.  The boom is then carried above the weeds while
spraying herbicide, allowing large areas to be treated rapidly with each sweep of
the boom.  Offsite movement due to vaporization or drift and possible treatment
of non-target plants can be of concern when using this method.

2. Basal Bark
This method applies a 6 to 12 inch band of herbicide around the circumference of the
trunk of the target plant, approximately one foot above ground.  The width of the sprayed
band depends on the size of the plant and the species’ susceptibility to the herbicide.  The
herbicide can be applied with a backpack sprayer, hand-held bottle, or a wick.  Ester
formulations are usually best for basal bark treatments, as esters can pass most readily
through the bark (as compared to salts).  Esters can be highly volatile, however, so basal
bark treatments should be performed only on calm, cool days.  During summer, treatment
is best carried out in the mornings, which tend to be cooler.  The basal bark treatment
works best on young trees with smooth bark.  It is usually not effective against older
plants with thick corky bark.
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3. Frill or Hack & Squirt
The frill method, also called the “hack and squirt” treatment, is often used to treat woody
species with large, thick trunks.  The tree is cut using a sharp knife, saw, or ax, or drilled
with a power drill or other device.  Herbicide is then immediately applied to the cut with
a backpack sprayer, squirt bottle, syringe, or similar equipment.  Because the herbicide is
placed directly onto the thin layer of growing tissue in the trunk (the cambium), an ester
formulation is not required.

Jack McGowan-Stinski (TNC-Michigan) recommends using the drill treatment rather
than cutting, for trees with dbh (diameter at breast height) greater than three inches.  He
has volunteers use “tree steps” to drill holes into trees.  Tree steps are large metal screws
that can be screwed into a tree trunk by hand to provide steps for tree climbing.  When
applying herbicide, tree steps are lightweight drilling tools that can be easily carried into
the field and used by untrained volunteers.  These tools  are available at most hunting
stores and cost only a few dollars each.

Jack recommends drilling one hole for each inch in dbh.  (A ten-inch dbh tree would
require at least ten holes.)  Holes should be drilled at a slight downward angle to prevent
the herbicide from running out, and should be deep enough to penetrate the inner bark or
growing tissue.

Some added recommendations made by Jack for using the drill method include: 1) Spray-
paint tree steps with a neon color to prevent them from being lost if dropped in dense
vegetation.  2) Spray-paint circles directly onto the trees around the drilled holes.  This
will ensure that no holes are overlooked by the herbicide applicator.  After the hole is
filled with herbicide, the applicator can spray paint a line through the hole to indicate that
it was treated.

4. Injection
Herbicide pellets can be injected into the trunk of a tree using a specialized tool such as
the EZ-Ject Lance.  The EZ-Ject lance’s five ft long, metal tube has “teeth” on one end
that grip the trunk of the tree.  A sharp push on the other end of the tube sends a brass
capsule of herbicide into the tree trunk.  It is a convenient way of applying herbicide and
requires minimal preparation or clean up.  In addition, it is an easy and safe way to apply
herbicides with minimal exposure.

There are however, some serious drawbacks to this method.  The lance and capsules are
expensive ($425 per lance; approximately $500 per 4,800 capsules, depending on
herbicide), and full-sized lances can be unwieldy, particularly in thickets.  The lance
furthermore, is difficult to thrust with enough power to drive the capsules far enough into
thick barked trees to be effective.  A large number of capsules placed close together are
often necessary to kill large trees.

At the Albany Pine Bush Preserve in New York, glyphosate gel pellets were injected
using an EZ-Ject Lance into trees with an average dbh of eight centimeters.  In some
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cases, crowns of treated trees later showed signs of stress, but most of these re-sprouted
vigorously and none of the treated trees died (Hawver et al. 2000).

For information or to order an EZ-Ject Lance contact Odom Processing Engineering
Consulting, Inc., 800 Odom Industries Road, Waynesboro, MS, 39367, (601) 735-2680,
(888) 395-6732, www.ezject.com.

Herbicides can also be injected into herbaceous stems by using a needle and syringe.
Jonathan Soll (TNC-Oregon) reports 100% control of small patches of Japanese
knotweed (Polygonum cuspidatum) with no off-target effects, by injecting every single
stem near the base with herbicide.  He adds that this method may actually use more
herbicide than foliar spraying (since you use high concentations of the herbicide), and
caution with the needle and syringe is necessary since you are carrying around a sharp
object.

5. Cut-Stump
This method is often used on woody species that normally re-sprout after being cut.  Cut
down the tree or shrub, and immediately spray or squirt herbicide on the exposed
cambium (living inner bark) of the stump.  The herbicide must be applied to the entire
inner bark (cambium) within minutes after the trunk is cut.  The outer bark and
heartwood do not need to be treated since these tissues are not alive, although they
support and protect the tree’s living tissues.

Herbicide can be applied to cut stumps in many ways, including spray and squirt bottles,
or even paint brushes.  Care must be taken to avoid applying too much herbicide, and
allowing it to run-off the stump and onto the ground.  Herbicide can also dribble from
bottles or brushes and fall on desirable plants or the ground.  To help avoid these
problems, Jack McGowan-Stinski (TNC-Michigan) developed an inexpensive and easy to
assemble application tool using PVC pipe and a sponge through which the herbicide can
be applied.  See the Appendix for a diagram and instructions on how to build one.

Sometimes even treated stumps will re-sprout, so it is important to check them at regular
intervals (2 to 6 months) for at least a year.  Depending on the vigor of the re-sprouts,
these can be treated by cutting, basal bark applications, or foliar applications.  Even when
foliar applications are called for, treating re-sprouts is usually far easier and requires
much less herbicide than treating the tree (before it was cut down) with a foliar
application.

The cut stump treatment allows for a great deal of control over the site of herbicide
application, and therefore, has a low probability of affecting non-target species or
contaminating the environment.  It also requires only a small amount of herbicide to be
effective.  Black locust (Robinia pseudoacacia) and buckthorns (Rhamnus spp.) have
been successfully controlled using this method (Hawver et al. 2000; J. McGowan-Stinski,
pers. comm.).
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Selecting a Method
Minimize
Select a technique(s) that (1) minimizes risks of contact to the applicator and others that
may be in the area during and after herbicide application, AND (2) minimizes release of
herbicide to the environment, particularly if the herbicide could contact non-target
species.  Avoid using boom application where possible (1c above) because it can result in
a relatively high amount of herbicide contacting non-target species and bare ground.
Also, avoid using pellets and pre-emergence herbicides (6 & 7 above, respectively)
because they are relatively persistent in the environment.

Use a dye
Mix a dye with the herbicide so applicators can see which plants have been treated and if
they have gotten any herbicide on themselves or their equipment.  Some pre-mixed
herbicides include a dye (e.g., Pathfinder II® includes the active ingredient triclopyr, a
surfactant, and a dye).  Ester based herbicides like Garlon 4® require oil-soluble dyes like
colorfast purple®, colorfast red®, and basoil red® (for use in basal bark treatments), which
are sold by agricultural chemical and forestry supply companies.  Clothing dyes like
those produced by Rit® will work in water-soluble herbicides such as Garlon 3A®.  These
dyes are inexpensive and available at most supermarkets and drugstores.

Who May Apply Herbicides?
TNC employees or contractors who apply herbicides must have all certificates or licenses
required by the state.  Each state has its own requirements.  Some require applicators
working in natural areas to be certified and others do only if compounds designated
"restricted-use" by the EPA or the state are to be used.  Most states conduct applicator
training programs and in many areas local Agricultural Extension Agents give workshops
on proper herbicide use.

Volunteers may NOT apply herbicides unless they are properly licensed AND have
signed a consent & release form.  An example of such a form produced by the Illinois
Field Office is provided as an Appendix.  Check with the legal staff for your program
before drafting one of these forms or using volunteers to apply herbicides.  TNC
staff who supervise volunteers should be properly licensed or certified.

Protection Against Herbicides
When using herbicides, the safety of the applicator, to others, and to the environment is
of utmost importance.  Be sure to read the earlier textbox (page 5.6) on
“Personal Protection in Herbicide Handling” regarding specific equipment requirements,
how to avoid contamination, eye and respiratory protection, how to clean-up after
herbicide use, and how to launder clothes and equipment used during herbicide
application.

When to Apply Herbicides
The best time to apply an herbicide is determined primarily by the herbicide’s mode of
action and the physiology of the target plants.  In seasonal climates, it is often best to
apply herbicides in autumn or prior to the dry season, 3 to 6 weeks before the target plant
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goes dormant for the season.  This is because many plants apparently transfer sugars and
nutrients from their stems and leaves to belowground storage organs at this time and will
carry herbicides along to these areas as well.  Contrary to assumptions that plants will be
most vulnerable when weak, herbicides are usually ineffective when applied during a
drought or other stressful conditions.  This is because most herbicides work by attacking
growing tissue and metabolic processes, which plants ‘shut down’ when stressed.  In fact,
late winter or early spring are often good times to apply herbicide because this is when
plants begin growing again, and can efficiently translocate the herbicide throughout their
tissues.  Fosamine ammonium, the dormancy enforcer, is best applied in the late fall just
before leaf drop.  The herbicidal effects of fosamine ammonium however, are not
observed until the following spring when treated plants fail to re-foliate.

In some cases, the site of application may determine the best time to apply a herbicide.
For example, buckthorns (Rhamnus spp.) growing in wet, boggy areas are easiest to treat
during winter when the ground is frozen.  Check the label or consult your distributor for
the best application time under the conditions at your site.

Note that with some herbicides there is a long time lag between time of herbicide
application and the first evidence that they are working.  This is particularly true of
herbicides that work by inhibiting amino acid or lipid synthesis, because the plant(s) can
rely on stored supplies to continue growing.

Record Keeping
When using herbicides it is critical (and, in some cases, required by law) to keep records
of all plants/areas treated, amounts and types of herbicide used, and dates of application.
This information will be important in evaluating the project’s success, improving
methodology, and identifying mistakes.  In addition, it documents the procedure for
future site managers and biologists.  Records of abundance/condition of the targeted
weeds and nearby desirable plants before and after treatment will also be valuable in
evaluating the effectiveness of the herbicide.

HERBICIDE DISPOSAL

Equipment cleanup
Following use, application equipment and empty containers should be triple rinsed with
clean water using 10% of the container volume for each rinse.  If possible, rinse
equipment in the treatment area and apply the wastewater to weeds or store for future use
as a dilutant.  Left over herbicide mix that will not be used later should be treated as
hazardous waste.
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Container disposal
Use the state herbicide container recycling program where available.  In Minnesota,
herbicide dealers are required to collect empty containers from customers.  If no specific
agri-chemical container recycling program is available, puncture the empty container to
prevent anyone from using it as a container again, and then dispose of or destroy it.  In
most areas, small numbers of empty, triple-rinsed containers can be disposed in the trash
for pick-up or taken to the local dump, unless the label states otherwise. In parts of
California and some other states you may be required to get written permission from your
County Agriculture Commissioner to dispose of containers.  Call your local
Commissioner for details.  Some jurisdictions require containers to be burned, while
others prohibit burning pesticide containers.  If the herbicide label states that the
container may not be disposed of in regular sanitary landfills, call your county or
municipal waste department for information on Hazardous Material Collection dates.

Equipment and applicator clean-up
After use, first clean and store application equipment and then thoroughly rinse personal
protection gear (gloves, boots, etc.) with cold water from a hose or container that is hand-
held (gloves off) and was not used during application work.  All personal protection gear
should then be washed in mild soap and water.  Finally, applicators should wash their
hands and any herbicide-exposed areas of their bodies.  Applicators should shower and
change clothing as soon as possible.  Clothes used during the application must be washed
and dried separately from other clothing before it is worn again, even if it appears
uncontaminated.

Contaminated clothing
If herbicide concentrate spills on clothing, the clothing should be discarded or, where
permitted, burned immediately.  Wrap contaminated clothing and other materials in
newspaper before placing in trash or landfill.  Clothing and other items contaminated
with certain commercial products, such as technical grade 2,4-D or formulations in which
2,4-D is the only active ingredient, are classed as hazardous waste.  Call your local
hazardous materials center for instructions on how to dispose of this material.  In cases
where small quantities are involved it may be possible to dispose of contaminated
clothing in the trash.

RESPONDING TO SPILLS
Rules and regulations regarding pesticide spills vary between states and counties.
Therefore, before obtaining herbicides, call the local fire department or county Hazardous
Materials Office for information on local regulations.  In most cases, the proper response
to a spill depends on the volume and concentration of herbicide released, location of the
spill, and the chemical(s) involved.  If possible, inquire as to whether a report would be
required in a hypothetical situation in which all the herbicide was spilled (1) on the soil in
the interior of the preserve and (2) along a public road.  A rule of thumb employed by
some public land management agencies is not to call for help from the local Hazardous
Materials Office for herbicide spills unless they contaminate too much soil to dig up and
place in plastic garbage bags.  However, since our goal is to protect biodiversity, land
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managers are expected to minimize damage to native populations.  Hazardous Materials
officers we spoke to considered spills under 100 gallons to be “small”.  Most emergency
systems appear to be designed to deal with these larger volumes used in agriculture and
industry, which are far larger than those typically used in natural areas.

Be sure to carry a “Pesticide Kit” for emergency spills (see the following Pesticide Spill
Kit equipment list).  If a spill occurs, keep people away from affected areas until the
clean-up process is complete.  When small volumes of dilute herbicide are spilled they
may be treated by carefully digging up the affected soil and litter, and spreading this
material at the legal rate or concentration.  Small diesel (sometimes used as a crude
surfactant) and gasoline spills may be treated by adding organic material (e.g., cow
manure or compost) to the affected area and keeping it moist.  It may take several years
for the spilled material to degrade.

PESTICIDE KIT EQUIPMENT LISTS
adapted from work by Jack McGowan-Stinski and Jennifer Hillmer

PESTICIDE SPILL KITS
§ Emergency phone numbers
§ Labels and MSDSs of all pesticides on hand
§ Personal Protective Equipment: gloves, footwear, apron, goggles, face shield, respirator
§ Heavy plastic bags for material storage
§ Containment “snakes” (chemsorb tubes or pads to contain & absorb spilled chemicals)
§ Absorbent materials (cat litter, vermiculite, paper, etc.)
§ Neutralizing agents (bleach and hydrated lime)
§ Sweeping compound for dry spills
§ Shovel, broom, dustpan
§ Heavy duty detergent, chlorine bleach, and water
§ Fire extinguisher certified for all types of fires
§ Sturdy plastic container that closes tightly and will hold the largest quantity of pesticide on hand
§ First aid supplies
§ Fresh water (at least 3 gallons; bring extra for wash-up after application)
§ Eyewash
§ Soap (dish soap or hand soap)
§ Towels
§ Change of clothes
§ Additional items required by labeling

ADDITIONAL HERBICIDE FIELD EQUIPMENT
§ Extra application equipment (e.g., squeeze bottles, nalgene bottles, sponges)
§ Funnel
§ Herbicide dyes
§ Herbicide in original containers
§ Extra water, soap, towels, plastic bags
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In any spill considered to be an emergency, call the local fire department.  They may
come to the site to help prevent further spread of the chemical but if the spill is large they
will likely require a certified company to do the clean-up.

Companies often charge initial fees of roughly $2,000 plus hourly fees of $100/hour for
the work to meet minimum legal clean-up requirements.  If a spill occurs and there is
uncertainty about legal requirements for reporting and clean-up, contact the program’s
legal staff immediately.  They can ensure that all federal, state and local regulations are
met.
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bioregional ecosystem drivers operating within each bioregion as described in the 
California Wildlife Action Plan (no date).  
 
 
 



�������������	
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	5.7 Effects of Program/Alternative Implementation on Water Resources
	5.7.1 Significance Criteria
	5.7.2 Determination Threshold
	The Federal Clean Water Act and State Porter-Cologne Water Quality Control Act are the primary laws regulating water quality in California. Both contain reference to “designated” or “beneficial” uses and water quality “criteria” or “objectives”. The c...
	The nine State Regional Water Quality Control Boards develop and implement Basin Plans, which contain the numeric and/or narrative water quality objectives for specific waterbodies in each region. There are also specific analyses and recovery plans fo...
	The determination thresholds used in the water quality analyses were based on the following narrative standards, which originate in State and Federal water quality control regulation.
	The Program and Alternatives will have a significant adverse effect if treatments ultimately result in:
	a) A significant degradation of water quality;
	b) Violations of basin plan objectives; or
	c) Impact a beneficial use.
	Determinations were made at the bioregional level based on modeled effects at the Cal 2.2 planning watershed scale. The ranges of numeric thresholds established in the Regional Basin Plans were reviewed in order make determinations regarding the narra...

	5.7.3 Data and Assumptions
	Based on a review of the literature it was determined that the following water quality parameters were most likely to be directly affected by VTP treatments: sediment, temperature, fecal coliform levels, and peak flows. Due to the types of treatments ...
	In order to analyze the potential effects of implementing the Program or Alternatives it was necessary to consider the types of treatments proposed, the extent of those treatments and the Landscape Constraints (LCs) and Minimum Management Requirements...
	 Modeling Approach- Sediment and Peak Flows
	By altering infiltration rates and evapotranspiration rates, and disturbing the soil VTP treatments have the potential to increase overland flow rates and sediment yield, both of which directly influence sediment concentrations and turbidity in receiv...
	“Erosion rates tend to be positively correlated with percent bare soil and the amount of surface disturbance, and these two factors generally are proportional to the number of trees being harvested (Haupt and Kid 1965). In general, erosion rates are ...
	In order to compare the potential impacts to sediment water quality and peak flows between the Proposed Program and the Alternatives it was first necessary to develop estimates of intensity for each of the individual VTP treatment types (prescribed fi...
	In addition to an estimate of the intensity of each treatment type a model was developed to predict the potential extent of VTP treatments that would occur in each bioregion over a 10-year time period. The 10-year time period was chosen because, excep...
	Estimates of the intensity and extent of each treatment type were the basis for analyzing potential impacts to sediment effects on water quality and peak flows. Specific site factors such as slope, soil type and distance to stream channel were not pos...
	The ERA methodology is a “lumped, conceptual model that quantifies total disturbance in the watershed through the use of empirical coefficients and recovery curves for each activity (MacDonald and Coe, 2004)”. The primary limitations of the ERA model ...
	The analysis used in this EIR is a variant of the ERA methodology that was limited to analysis of treatments within the VTP program, rather than the cumulative effects of all disturbance activities in each watershed. Briefly, the ERA method relies on ...
	The ERA coefficients assigned to each treatment type were based in part on the table of vegetation removal and disturbed ground (Table 5.0.3) as well as review of ERA coefficients for various activities used in USFS regional analyses, particularly the...
	All ERA coefficients were originally developed for the Eldorado N.F. and were included in the SNEP addendum (Menning et al., 1996). Coefficients for surface fire vegetation types were approximated from similar treatment types on the Eldorado National ...
	An average ERA coefficient was calculated for the Proposed Program and each Alternative, based on the proportional mixture of treatment types in each (Table 5.0.1). The ERA coefficients for the Program and each Alternative were then multiplied by the ...
	The ERA values calculated in this analysis represent only the disturbance related to implementation of VTP projects (Tables 5.7.4 and 5.7.5). Other disturbances in a watershed such as the road building and maintenance, timber harvest, wildfire, other ...
	Since it was not possible to develop TOCs for each of the 5,600 watersheds in the analysis area due to data limitations, it was conservatively assumed that all watersheds were highly sensitive to disturbance, which equates to a TOC of 10-14%. Guidance...
	For this analysis, watersheds with less than 2% ERA due to VTP treatments were judged to be at very low risk of affecting sediment, water quality or peak flows. Watersheds with 2-5% ERA due to VTP treatments were at moderate risk of water quality/quan...

	Table 5.7.1
	5.7.4 Direct Effects Common to all Bioregions from Implementing the Program/Alternatives
	Table 5.7.3 summarizes the information from the balance of this subchapter on the effects of implementing the Program across the State by bioregion regarding water quality and peak flows. Generally, prescribed fire and mechanical treatments were predi...
	 Sediment- Potential Effects on Water Quality
	At the statewide level, for the Proposed Program and all of the Alternatives, 96 to 99% of watersheds were projected to have less than 2% ERA due to VTP treatments after 10 years, thus being at low risk of impairing water quality/quantity (Table 5.7.4...
	Alternative 1 resulted in the fewest number of watersheds having post treatment ERA values greater than 5%, followed by Alternative 4. These two Alternatives treated the fewest number of acres per year at 47,000 and 93,060 acres, respectively - which...
	However, at the project scale and within a single watershed Alternative 3 would have the lowest risk of impacting water quality due to the more protective Landscape Constraints and MMRs compared to the other alternatives and the Program. Alternative 4...
	Generally, the ERA analysis presented above indicates that, for all alternatives, in the vast majority of the watersheds across the state (96-99%) the number of projects will be so few (< 3 in ten years) and the intensity of treatments low enough that...
	There are no watershed-level studies of the impacts to water quality from the suite of treatments contained within the VTP. The majority of studies have focused on treatments/disturbances that are more intense than those contained in the VTP; includin...
	In surface fire vegetation types (i.e. forested areas) the majority of VTP treatment types are relatively ‘low-impact’ compared to commercial forestry operations and wildfire. Non-commercial thinning, removal of understory vegetation, hand pile and bu...
	Research indicates that when cover of vegetation and litter exceeds 75% only about 2% of rainfall becomes runoff and erosion is low (Robichaud et al., 2000). Conversely, when ground cover is reduced to less than 10% through severe disturbance, runoff ...
	Although roads occupy a relatively small percent of the area in most forest or wildland settings they are typically responsible for the majority of sediment originating from management activities (Megahan and King, 2004; Gucinski et. al., 2001; others...
	No new haul roads or skid roads will be constructed as part of the VTP. Very few of the VTP treatment types include yarding or hauling of logs. Road-related erosion impacts from the VTP will be limited to re-opening some existing roads to access treat...
	Within the VTP, prescribed fire and mechanical treatments are the management activities most likely to increase the risk of soil erosion (USDA, 2003). Fire severity has a direct influence on post fire erosion rates. Low intensity fires generate minima...
	“At the scale of the entire (project area), estimated “worse case” first year sediment reaching perennial and intermittent channels from mechanical and prescribed fire treatments is considered minimal and approximately equal to background erosion ra...
	Prescribed fires in chaparral systems often burn at moderate to high severity, which is more similar to wildfire than the low intensity broadcast burns conducted in the understory of forested systems (DeBano, 1989; Wohlgemuth pers. comm., 2007). In ch...
	Mastication of understory vegetation is one of the more intensive mechanical treatments, however it may have minimal effects on erosion or runoff rates where vegetation volumes are high prior to treatment. Hatchet et al., (2004) found that an excavato...
	Elliot and Miller (2002) prepared an analysis of implementing the National Fire Plan, which used the WEPP model to compare wildland fire, prescribed fire and thinning to one another. The analysis indicated that the erosion from wildfire would be about...
	Descriptions of hand treatments in the Herger-Feinstein Quincy Library Group Final Supplemental EIS indicate that due to the lack of ground disturbance or soil compaction “no water quality effects are anticipated to result from hand treatments (USDA, ...
	 Water Temperature- Potential Effects on Water Quality
	The potential mechanisms by which VTP treatments could increase stream water temperatures include: removal/burning of riparian vegetation, resulting in increased solar gain on the stream surface and decreased water volume in small streams due water dr...
	The Proposed Program and Alternatives 2 and 4 include the following Landscape Constraints and MMRs, intended to reduce potential impacts to stream temperature from direct solar gain:
	Riparian vegetation, as well as any vegetation significant to maintenance of watercourse shade, will be not be disturbed within the WLPZ established on each side of all Class I and II watercourses. WLPZs are measured by slope distance from the high wa...
	Alternative 3 increases the width of the WLPZs for all VTP projects to the maximum width specified in the FPRs. Establishing streamside management zones in which vegetation removal, fuel reduction and ground disturbance are limited is effective in min...
	In general, VTP treatments do not target overstory trees for removal. Considering that few or no overstory trees would typically be removed within or outside WLPZs, and disturbance of understory vegetation is limited within 50 feet of the watercourse,...
	The other potential mechanism by which VTP projects could increase stream temperatures is reduction of stream flows. Removal/burning of vegetation will not decrease summer low flows because reductions in vegetation result in reduced transpirational lo...
	For streams without special status species this MMR will not apply. However, this is not likely to have a significant adverse impact on water temperature because most treatments that require water drafting (prescribed fire and mechanical) are not cond...
	 Coliform Bacteria- Potential Effects on Water Quality
	Prescribed herbivory will be used to maintain a portion of the fuels treatments in the VTP. At the statewide scale there will be up to 21,690 acres per year treated using prescribed herbivory, representing 0.05% of the program area (Table 5.0.1). The ...
	Direct defecation in the stream channel by animals is the primary mechanism for introducing FC into the water column, however FC may also be transported to the stream channel via contaminated sediment suspended in overland flow. The types of animals (...
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	Bioregion
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	5.7.5 Bioregion Specific Direct Effects of Implementing the Program/ Alternatives on Water Quality
	 Sediment- Potential Effects on Sediment and Peak Flows
	For the Proposed Program and all of the Alternatives the Sacramento Valley, San Joaquin, South Coast and Colorado Desert, and to a lesser extent Central Coast Bioregions had the greatest proportion of watersheds at moderate (2-5% ERA) or higher risk o...
	The results from the bioregional analysis of potential impacts to water quality from VTP projects (noted above) indicates little overlap with bioregions designated by the State as the “high priority landscapeP0F P” for water quality (CAL FIRE, 2010). ...

	5.7.6 Indirect Effects of Implementing the Program/Alternatives on Water Quality
	The indirect effects of implementing any of the alternatives is a decreased burn severity on treated acres in the event that a wildfire burns through a treated area. The analyses in this chapter and the literature indicate that impacts to water qualit...

	5.7.7 Similar Effects Described Elsewhere
	The effects of VTP implementation associated with water quality, particularly with regard to increased soil erosion or geologic instability are discussed in Section 5.15, Geology and Soils. The effects of changes in water quality parameters on Aquatic...
	5.7.8 Determinations Regarding Water Quality
	 Sediment- Determination of Effects on Water Quality
	A concentration of prescribed fire and mechanical treatments in a crown fire regime vegetation type dominated landscape represents the highest risk of water quality impairment (of the treatment types and landscape types analyzed) and could result in s...
	After considering the Landscape Constraints, Minimum Management Requirements, and Mitigation Measure 5.7-1 and 5.7-2 (see below), along with the results of ERA analysis, neither the Program nor any of the Alternatives would cross the following thresho...
	1) Significantly degrade water quality,
	2) Violate basin plan objectives, and/or
	3) Impact a beneficial use related to effects of sediment on water quality.
	Alternative 1 would result in the fewest UnumberU of watersheds statewide with moderate or higher risk of sediment water quality impairment. However, since the Landscape Constraints and Minimum Management Requirements do not apply to Alternative 1 the...
	The review of relevant literature corroborates the conclusion that the Proposed Program and the Alternatives have a very low risk of causing adverse impacts to sediment water quality at the Cal 2.2 watershed scale. However, localized discharges of sed...
	There are also potential beneficial effects of VTP treatments on sediment impacts to water quality due to reducing the acreage of land burned at high severity by wildfire, which, as noted, typically leads to high erosion rates (Section 5.2). Elliot an...
	 Peak Flows – Determination regarding effects on Water Quantity
	As with sediment impacts, a concentration of prescribed fire and mechanical treatments in a crown fire regime vegetation type dominated landscape represents the highest risk of increased peak flows, particularly in small (<5,000 acre) watersheds. The ...
	After considering the Landscape Constraints, Minimum Management Requirements, and Mitigation Measure 5.7-1, 5.7-2 and 5.7-3 (see below), along with the results of ERA analysis, neither the Program nor any of the alternatives would cross the following ...
	1) significantly degrade water quality,
	2) violate basin plan objectives, and/or
	3) impact a beneficial use related to effects of sediment on water quality.
	Alternative 1 would result in the fewest UnumberU of watersheds statewide with moderate or higher risk of adverse peak flows.
	The review of relevant literature corroborates the conclusion that the Proposed Program and the Alternatives have a low risk of causing adverse impacts to peak flows at the Cal 2.2 watershed scale after implementing Mitigation Measure 5.7-1.
	 Temperature- Determination regarding Effects on Water Quality
	After considering the Landscape Constraints, Minimum Management Requirements, and Mitigation Measure 5.7-1, 5.7-2 and 5.7-3 (see below), along with the results of ERA analysis, neither the Program nor any of the Alternatives would cross the following ...
	1) Significantly degrade water quality,
	2) Violate basin plan objectives, and/or
	3) Impact a beneficial use related to effects of sediment on water quality.
	There is a significant risk of adverse impacts to water temperature under Alternative 1 because of the lack of streamside buffers in this alternative. The risk of increased temperature is greatest in crown fire vegetation types where significant remov...
	 Fecal Coliform- Determination Regarding Effects on Water Quality
	The risk of significant FC contamination at the bioregional scale is low due to the small scale of the proposed treatment type within the VTP (0.05% of program area per year). However, in order to prevent potential FC contamination it will be necessar...
	1) Significantly degrade water quality,
	2) Violate basin plan objectives

	5.7.9 Mitigation Measures for the Proposed Program
	The following mitigation measures will be used to help reduce potentially significant effects to less than significant. Small watersheds (<5,000 acres) with crown fire regime vegetation are at the highest risk of sediment-impaired water quality due to...
	Mitigation Measure 5.7-1.  The ERA of proposed VTP treatments shall be calculated for all Cal 2.2 watersheds that will be directly affected by the proposed project. If the ERA value for the proposed project will exceed 2%, a more detailed watershed-sp...
	ERA Calculation Formula:  ERA% ={[∑R1-x R(TcR1R*TaR1R)]/Wa}*100
	TcRxR= Treatment Type R RCoefficient (look up in Tables 5.7.2 and 5.7.3)
	TaRxR = Treatment Acreage
	where RxR = each type of treatment and corresponding acreage used in the project.
	Wa = Cal 2.2 watershed area expressed in acres
	Explanation and Rationale: For example, it would be possible to stay below the 2% ERA threshold if the suite of treatments in the Proposed Program was applied to ~ 3,300 acres of a 5,000-acre watershed in a decade if the watershed were composed of sur...
	The intensity of site-specific analyses shall reflect the risk posed by the project. Higher intensity and/or more extensive treatments, particularly on steep slopes with erodible soils, should receive more analytical effort. If the ERA for VTP project...
	Mitigation Measure 5.7-2.  A protective buffer zone shall be designated on Class III watercourses in order to prevent introduction of sediment into Class III channels or accelerate sediment transport through Class III channels due to VTP treatments. T...
	Rationale:  The Landscape Constraints and Minimum Management Requirements (Chapters 2 and 3) for the Program and Alternatives 2, 3, and 4 do not include any protection for Class III streams. Class III streams occupy a large percentage of the landscape...
	Examples of protective measures for Class III buffers include: general exclusion of heavy equipment except for designated crossing points, use of fire control lines through wetting vegetation rather than bare ground fire lines, using backing fires thr...
	Mitigation Measure 5.7-3.  For any project that includes prescribed herbivory within the WLPZ of a Class I or II watercourse or the protective buffer of a Class III watercourse (see Mitigation Measure 5.7-3) the following measures shall be followed. T...
	The following BMPs are typically used to protect sensitive areas (such as streambanks, wetlands, estuaries, ponds, lake shores, and riparian zones): (a) exclude livestock, (b) provide stream crossings or hardened access to watering areas, (c) provide ...
	Rationale: There is a potential for substantial adverse effects to water quality due to grazing. The Landscape Constraints and Minimum Management Requirements do not include provisions to prevent water quality impacts due to grazing. The mitigation me...
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	5.8 Effects of Program/Alternatives on Prehistoric, Historic, Ethnographic, and Paleontological Resources
	As noted in Section 5.14.4, the VTP jurisdiction area includes the following amounts of land open to public recreation (see Section 4.14.2): 1.4 million acres of State Park Lands, ~1 million acres of DFG and CAL FIRE lands and ~2 million acres of Cons...
	This analysis assumes that traditional lifeway (ethnographic) resources currently being utilized by Native Americans, such as ceremonial sites or gathering areas, are generally not located on private fee parcels; or if they are, the landowner most lik...
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	An effect will be considered significant if results of the analysis indicate that any of the following criteria will be met due to implementation of the Program or Alternatives:
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	5.14 Recreation
	The VTP jurisdiction area includes the following amounts of land open to public recreation (see Section 4.14):
	 1.4 million acres of State Park Lands,
	 ~ 1 million acres of DFG and CAL FIRE lands
	 ~ 2 million acres of Conservancy lands
	These ~3.4 million acres of land constitute the vast majority of lands whose recreational opportunities could be affected by VTP projects. Assuming that these lands have an equal probability of receiving VTP projects as other lands within CAL FIRE jur...
	Recreational areas near metropolitan areas receive more use than remote recreational areas (Section 4.14). VTP treatments in these high use areas would be likely to directly and indirectly affect more people than treatments in remote areas. It is assu...
	Effects to recreational resources due to implementing the Proposed Program are likely to be small scale, short term and not significant (Table 5.14.2).
	It is likely that lands subject to VTP treatments would be closed to recreational use for the duration of the project, which is not likely to exceed two weeks. The area affected for recreational use may exceed the boundaries of the project area for pr...
	Implementation of VTP projects is likely to be spread over the entire year, with many projects occurring in non-peak visitation months. Peak visitor use tends to occur during the summer months for many recreational areas (Section 4.14). Prescribed fir...
	In the Sacramento Valley Bioregion where >2% of recreational lands could be subject to closures each year, it is not likely that these closures would occur simultaneously. Thus, it is very unlikely that more than 1% of recreational areas in the Sacram...
	Checklist Question- applies primarily to small recreational areas (<3,000 acres).
	Checklist Item 5.14.1.  Will the proposed project result in more than 1% of the recreational area being closed to recreational use or more than 10% of the recreational area in a condition of decreased visual quality?
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	Bioregion
	Table 5.15.3
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	MA
	Proposed Program Prescribed Fire Effects and Soil Erosion
	“Erosion rates tend to be positively correlated with percent bare soil and the amount of surface disturbance, and these two factors generally are proportional to the number of trees being harvested (Haupt and Kid 1965). In general, erosion rates are a...
	Section 5.7 also cites research indicating that when cover of vegetation and litter exceeds 75%, only about 2% of rainfall becomes runoff and erosion is low (Robichaud et al., 2000). Conversely, when ground cover is reduced to less than 10% through se...
	As Section 5.7 notes, prescribed fire in chaparral systems often burn at moderate to high severity, which is more similar to wildfire than the low intensity broadcast burns conducted in the understory of forested systems (DeBano, 1989; Wohlgemuth pers...
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	5.16.1   Significance Criteria
	5.16.2   Determination Threshold
	Table 5.16.1 summarizes the information from the balance of this subchapter on the effects of implementing the Program across the state by bioregion in terms of wildfire intensity and frequency. In this case, a significant effect is one where implemen...
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	Results from each study discussed above, with the exception of dermal sensitization, are categorized into one of four toxicity categories, in order to easily compare relative acute toxicity from each potential exposure route (Table 5.17.12). During st...
	Amphibians appear to be especially vulnerable to pesticides as they readily absorb chemicals and are cutaneous breathers, breathing through their skin, as well as through a developed pair of lungs. It has been found that low levels of pesticides can c...
	Another study (Chen 2003) found that “multiple stress interactions may exacerbate chemical effects on aquatic biota in natural systems”. For two common wetland species, zooplankton and Ranid tadpoles, significant effects of the herbicide Vision® (glyp...
	As discussed above in Section 5.17.2.2.2 Hazard (Toxicity) Identification, chemicals that are not approved for aquatic use may be inadvertently applied or transported to shallow wetlands or to low volume or intermittent streams that support frogs and ...
	Many of the noxious weeds that are aggressively invasive are adapted to disturbed sites with little or no shade. Conversion of shrub fields to rangeland or even for wildlife habitat improvement will generally be done by mechanical, hand, or prescribed...
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