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Overview



StatutoryStatutory AuthorityAuthority

• Clean Water Act Section 101(a) Purpose:
– “To restore and maintain the chemical,
physical and biological integrity of the 
Nation’s waters”



Biological integrity - the capability of 
the waterbody to support and maintain a 
balanced, integrated, adaptive community 
of organisms having a composition and 
diversity comparable to that of natural 
habitats of the region 



Use of Bioassessment in Water Quality Use of Bioassessment in Water Quality 
MonitoringMonitoring
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National Bioassessment Efforts National Bioassessment Efforts 

=developing basic bioassessment program

=basic bioassessment program in place

=developing quantitative biocriteria

=quantitative biocriteria adopted in or implemented
through water quality standards

will be 
next



FRESHWATER BIOASSESSMENTFRESHWATER BIOASSESSMENT
-- THE USE OF AQUATIC ORGANISMTHE USE OF AQUATIC ORGANISM
TO MEASURE AQUATIC HEALTH TO MEASURE AQUATIC HEALTH --

EPA Recommendation:
Multiple Assemblages

Fish, Invertebrates and Algae

Slide # 3Slide # 3



Benthic Macroinvertebrates

Ubiquitous

Relatively stationary

Their large species diversity provides
a spectrum of responses to 
environmental stresses











BMI MetricsBMI Metrics

Midges

Beetles

Dragonflies, 
Damselflies

Caddisflies

Mayflies

Stoneflies



CaddisfliesCaddisflies

MayfliesMayflies

StonefliesStoneflies

Dragonflies and DamselfliesDragonflies and Damselflies
Sensitive Organisms in Streams

Expected Response to Stress:    abundance & proportion



MidgesMidgesLeechesLeeches

SnailsSnailsScudsScuds

Tolerant Organisms in Streams

Expected Response to Stress:    abundance & proportion



Epeorus Caenis

Sediment intolerant vs. sediment tolerantSediment intolerant vs. sediment tolerant
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Types of BMI MetricsTypes of BMI Metrics

Richness Measures 
EPT Taxa

Composition Measures 
Percent EPT Individuals

Tolerance/Intolerance Measures 
Percent Sensitive EPA Taxa

Functional Feeding Groups
Percent Shredder Taxa

SAFIT StandardTaxonomic Effort I & II
Total of 134



Standardize Taxonomy and Laboratory QA/QC
Starting 1994 as CAMLnet and SAFIT since 2006



California Department
Of Fish and Game

Hot Creek Hatchery
NPDES Permit

Protocol History
1993 EPA RBP
1994 PMS 
1996 CSBP
2000 EMAP
2007 SWAMP



Targeted Sampling Site from Various ContractsTargeted Sampling Site from Various Contracts
as of 2000as of 2000



Western Pilot EMAP and CMAP

2000
through
2007

CDFG
U.S. EPA
SWRCB
RWQCB





Biological condition the nationBiological condition the nation’’s streams (USEPA 2006) s streams (USEPA 2006) 



And Then Along Came SWAMPAnd Then Along Came SWAMP
Surface Water Ambient Monitoring ProgramSurface Water Ambient Monitoring Program



2007 SWAMP Biossessment Procedures

Collect BMIs

Measure Phab

Measure Basic 
Chemistry



SWAMP Physical/HabitatSWAMP Physical/Habitat
ProceduresProcedures





Channel Dimensions
Channel Slope
% Flow Habitats
Discharge (cfs)



Pebble Counts for 
Substrate Composition

at 21 Transects for 
105 Measures Total



Point-Intercept Algal Cover
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HUMAN INFLUENCE



RIPARIAN VEGETATION



HABITAT COMPLEXITY
BANK STABILITY
CANOPY COVER



Reference Condition Management Plan 
(adopted March 2009)

• RCMP is SWAMP’s standardized 
process for identifying & sampling 
“reference sites” throughout CA

• Now in implementation phase:

Define reference criteria for streams throughout 
the state

 Identify data gaps and collect bio/chem/hab 
data where missing

Monitor temporal variability (both inter‐annual 
& intra‐annual)
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REGIONREGION nn
North CoastNorth Coast 7979

Central ValleyCentral Valley 11
Coastal ChaparralCoastal Chaparral 8787
Interior ChaparralInterior Chaparral 3030

South Coast MountainsSouth Coast Mountains 9696
South Coast XericSouth Coast Xeric 2222

Western SierraWestern Sierra 131131
Central LahontanCentral Lahontan 142142
Deserts + ModocDeserts + Modoc 2727

TOTALTOTAL 615615

Reference Sites



A

B‐1

B‐2

C‐1

C‐2

D

A= North Coast
B = Oak Chaparral 

1= Coastal Chaparral

2= Interior Chaparral
C = Sierra 

1= Main Sierra 
2= Central Lahontan

D = Central Valley
E = South Coast (SMC) 
F = Other:

•Modoc Plateau
• Deserts

E

PSA RegionsPSA Regions
Subunits provide regional perspective ….and assessments 

are closer to the scale of regulation
F

F

35



Existing Data:

 EPA’s EMAP (2000-2002; multiple methods): 
CSBP- targeted riffle
EMAP- multihabitat
USFS/Hawkins- targeted riffle

 USFS (2000, 2001, Hawkins method)
 CSBP (2000-2002, multiple programs)

Regions 3, 4, 7, 8, 9



Application of a benthic Application of a benthic 
invertebrate IBI to regional invertebrate IBI to regional 

305(b) reporting in southern 305(b) reporting in southern 
CaliforniaCalifornia

Peter R. Ode, Andrew C. Rehn and Jason T. MayPeter R. Ode, Andrew C. Rehn and Jason T. May

Aquatic Bioassessment LaboratoryAquatic Bioassessment Laboratory
Water Pollution Control Laboratory Water Pollution Control Laboratory 

California Department of Fish and GameCalifornia Department of Fish and Game
California State University, ChicoCalifornia State University, Chico

Ode, P.R., A.C. Rehn and J.T. May.  2005.  A quantitative tool for assessing 
the integrity of southern coastal California streams.  Environmental 
Management. 35:493-504



SoCal IBI Scores
N_Coleop_T N_EPT_T N_Pred_T P_CFCG_I P_Int_I P_NonIns_T P_Tol_TMetric 

Score 
All Sites 6 8 All Sites 6 8 6 8 All Sites All Sites 

10 >5 >17 >18 >12 0-59 0-39 25-100 42-100 0-8 0-4 
9   16-17 17-18 12 60-63 40-46 23-24 37-41 9-12 5-8 
8 5 15 16 11 64-67 47-52 21-22 32-36 13-17 9-12 
7 4 13-14 14-15 10 68-71 53-58 19-20 27-31 18-21 13-16 
6   11-12 13 9 72-75 59-64 16-18 23-26 22-25 17-19 
5 3 9-10 11-12 8 76-80 65-70 13-15 19-22 26-29 20-22 
4 2 7-8 10 7 81-84 71-76 10-12 14-18 30-34 23-25 
3   5-6 8-9 6 85-88 77-82 7-9 10-13 35-38 26-29 
2 1 4 7 5 89-92 83-88 4-6 6-9 39-42 30-33 
1   2-3 5-6 4 93-96 89-94 1-3 2-5 43-46 34-37 
0 0 0-1 0-4 0-3 97-100 95-100 0 0-1 47-100 38-100 

 
Very Poor Poor Fair Good Very Good 

0-14 15-28 29-42 43-56 57-70 
 
Biological metrics for IBI 
Number of coleopteran taxa 
Number of EPT taxa 
Number of Predator taxa 
Percent collector filterers and collector gatherers 
Percent Intolerant Individuals 
Percent non-insect taxa 
Percent tolerant taxa 
 

SoCal IBI Scoring TableSoCal IBI Scoring Table



Eastern Sierra IBI 
(completed)

Sierra‐wide IBI 
(proposed)

Southern Coastal IBI 
(completed)

Northern Coastal IBI 
(completed)

Central Valley IBI 
(completed)

Bay Area IBI 
(in development)

IBI Availability



River Invertebrate Predictive and River Invertebrate Predictive and 
Classification System (RIVPACS)Classification System (RIVPACS)

Chuck Hawkins
Western Center for Monitoring and Assessment of 

Freshwater Ecosystems
Aquatic, Watershed, & Earth Resources

Ecology Center
Utah State University



O/E is a measure of the taxonomic completeness of O/E is a measure of the taxonomic completeness of 
the biological community observed at a site the biological community observed at a site 

(value ranges from 0 to 1.0)(value ranges from 0 to 1.0)

E = 8 taxa O = 3 taxa

O/E
0.38



excellent biological condition (IBI = 100-80)

O/E > 0.8



Good to fair biological condition (IBI = 79-40)

O/E = 0.6



poor biological condition (IBI = 39-20)

O/E = 0.3



very poor biological condition (IBI < 20)

O/E < 0.2



Statewide Condition
Assessment



Biotic Condition 2000 - 2007

200 sites

6% error

12% to
detect
difference



Statewide Condition Assessment 



Biotic Condition for Landcover



Extent of Chemical and Habitat Stressors

Thresholds
Low >25%
High >40%



Regional Relationships



2012 Garcia River 2012 Garcia River 
Causal AssessmentCausal Assessment
Sediment PathwaySediment Pathway

↓ plants or biofilm

↑ suspended sediments ↑ deposited & bedded sediments

↓ light

↓ visibility

Δ filter-feeding 
efficiency ↑ abrasion

↑ sediment 
oxygen demand

↓ interstitial spaces

↓ interstitial 
habitat & flow

↓ substrate size

↓ substrate 
diversity & stability

↑ coverage by fines

↑ fine substrate 
habitats

↑ burial

↑ pool in-
filling

other biological impairments

biologically impaired invertebrate assemblages

biologically impaired fish assemblages

Δ sediment in stream

↑ mobilization of bank 
& channel sediment

↑ availability of bank 
& channel sediment

↑ deposition on 
floodplain

hillslope 
soils channel 

sediment
streambank 

sediment

↑ sediment delivery to 
stream

↑ streambank erosion

↑ heat 
absorption

channel alteration 
(skids, historic aggradation)

Road 
Construction

riparian land 
cover alteration

Δ riffle pool 
structure

↓ summer 
surfiical flow

Δ temperature

↓ large woody
debris

↑ channel 
widening

Road 
Sediment

Silviculture and 
Residential

landslides erosion

Fire

Marijuana

response

mode of action

interacting 
stressor

proximate 
stressor

additional step 
in causal 
pathway

source

human activity

LEGEND

Historic  timber 
harvest practices Agriculture and 

Ranching
Recreation Residential



Achieving regulatory biological objectives 
in California



305(b) assessments

303(d), TMDL

ambient screening

NPDES/stormwater

BMP effectiveness

NPS monitoring

Numeric Endpoints 
for  Interpretation

implementation

Methods (field/lab)Q
ua
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y 
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Data  Management Tools

Technical Infrastructure

HabitatBMIs Algae

Indicators

Reference Condition 
Management Program

implementation

implementation

implementation

implementation

Regulatory ApplicationsRegulatory Framework 
(Objective + Implementation 

Plan)

SWAMP Standards
Regulatory Programs

Narrative 
Objectives

interpret with

401 Water Quality Cert



MLML
Data Center

SWRCB
Data Center

SFEI
Data Center

UCD
Data Center

Other
Data Center

SCCWRP
Data Center

BDAT
Data Center

Regional 
Data Source

Regional 
Data Source

EPA
Exchange
Network

CEDENCEDEN

Regional 
Data Source

Regional 
Data Source

Regional 
Data Source

CEDEN NetworkCEDEN Network
California Environmental Data Exchange Network



California Aquatic 
Bioassessment Workgroup

1994  Established as a forum to communicate and 
exchange information

1995  Finalization of the California Stream 
Bioassessment Procedures (CSBP)

1996  Formulate the process for developing biocriteria 
in California

1997-1999  Provided a forum for updating attendees on 
bioassessment and gave examples of current projects

2000- 20011 Changed format from 3 day workgroup to 2 day 
platform presentation and panel discussion



California Aquatic 
Bioassessment Workgroup

Next MeetingNext Meeting

1919thth Annual MeetingAnnual Meeting
November 7 and 8 2012November 7 and 8 2012



Concepts of Bioassessment and Program 
Implementation

SWAMP Bioassessment Field Procedures

Aquatic Invertebrate Laboratory Procedures and 
Generating Biological Metics

Introductory Lab/Data Analysis

Bioassessment Competency Training
2-Day Courses



Pre-Season Regional Field Calibration

Mid-Season Crew Calibration

Personal SWAMP Conducted Field Audits

DFG Sampling Permit (LAI/MOU)

Bioassessment Field QA ElementsBioassessment Field QA Elements





No Fish, just bugs/algae

Proper Index Period

Use SAFIT STE

Need to Develop QAPP

Follow QAPP for field
and BMI Laboratory so
data will be CEDEN
compatible

Must Use SWAMP 
Bioassessment Procedures



Get to Know 
Your Mayflies



And
your
Beetles


