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COAST ACTION GROUP 
P.O. BOX 215 
POINT ARENA, CA 95468 

 
 

May 20, 2015 
 

Affiliate of Redwood Coast Watersheds Alliance 
 
 
State Board of Forestry and Fire Protection  
Attention: Thembi Borras 
Regulations  Coordinator 
P.O. Box 944246 
Sacrament, CA 94244-2460 
 
Subject: Working Forest Management Plan – Rulemaking – AB 904/Regulatory Compli-
ance 
 
This is Coast Action Group’s 5th commenting round on this Rule Making project. 
We are frustrated and concerned that after all this work, in committee and external review  and 
comment from responsible agency and the public, that this latest version of rules relating to the 
implementation of the language and intent of AB 904 is not consistent with: 1) the language and 
intent of AB 904, California Resources Code, and Federal Clean Water Act requirements.   
 
Previous comments from CAG (currently in the file on this project) on this subject ( June 4, 2014,  
July 17, 2014,  August 20, 2014,  February 4, 2015 ) are still on point and must be considered in the 
review of this  project.  
 
From Notice: 
 
Laws on which the proposed action is based:  

 
1. AB 904 creates the Working Forest Management Plan (WFMP) program. The WFMP is a 

long-term forest management plan available to nonindustrial landowners (with less than 
15,000 acres of timberland) if they commit to uneven aged management and sustained yield. It 
also obligates the Board to adopt regulations needed to implement the provisions of AB 904 by 
January 1, 2016.  

 
The intent of AB 904 was to create a program of forest production management that would provide 
resource protection  for forest production, forest resource values, and forest water quality values 
that are superior to the protections provided under the current Forest Practice Rules. The benefit 
for the landowner is a onetime approval process with established management standards. The 
benefit for the public and responsible managing agencies is a high level or resource protection. The 
benefit for all parties is superior forest production – with added resource protection.   At this point, 
under the proposed rules for the WFMP uneven aged management is the only beneficial  goal (as 
noted in the notice and  proposed regulation).   
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 It can be argued that the unevenaged commitment is not even totally enforceable as certain 
evenaged silvicultural prescriptions  may be allowed (Group Selection, Alternative Prescription,  
Rehabilitation – all allowable silviculture prescriptions that can have negative water quality, forest 
value, and LTSY effects. ).  With such a plan approved in perpetuity (with proposed rule lan-
guage), that holds the  public and other responsible agency held at arms length – without signifi-
cant or periodic in-depth review and comment,  without  meaningful information available to all 
parties,  without sufficient standards for resource protection in place, and failure of the proposed 
rules to be consistent with the intent of AB 904 and other State and Federal Regulatory code; it can 
be fairly argued that this rule making process is not consistent with the legislation, Cal Water 
Code, and the federal Clean Water Act. It can be argued that there is no net benefit to the resource 
or the public.  
 
It can also be argued if the only gain to the public and the resource from such a rule is that some 
evenaged silvicultural practices will be put aside to obtain a forever permit that may not neces-
sarily be upgraded or improved upon as regulatory authorities may deem necessary for future Best 
Management Practices (BAT – Best Available Technology);  the out come of such permitting is 
likely to result with increased  risk  for resources or diminished resources.    
 
Additionally; one might ask the question: If evenaged silviculture is such a problem in forest 
management that it is necessary to approve overly large (and unmanageable) plans in perpetuity 
(without serious long term review, public input – and with serious difficulties  in adjusting such a 
plan to new rules); why not just  eliminate evenaged silviculture from available practices under the 
rules – at all? 
 
In the Notice there is a discussion of costs for agency review.  Also noted, is the fact that review 
costs are a function of the complexity of a plan (THP, NTMP, WFMP).  Obviously, plans to be 
approved in perpetuity should require a high level of review (and possibly periodic re-review of 
conditions and conformance). Also – obviously, a 15,000 acre plan can be very complex (more so 
than a 150 acre THP or even a 2,500 acre NTMP) and thus require vastly more agency time to do 
adequate review to protect the resource.  Given the review time lines in the proposed rules there is 
not sufficient time allowed for responsible agency to adequately address issues on such complex 
plans. However, it can be fairly argued that the coast for reviewing such large plans will be sig-
nificantly greater than accounted for in the Notice. Furthermore, the cost justification analysis 
indicates there “may” be savings associated with the approval of such large plans.  The source or 
amounts of such savings is not supported by analysis or logical discussion. It is suggested that 
some undisclosed diminished number of THPs (and NTMPs) that responsible agencies will have 
to review will be reduces in the future.  There are no numbers here and no real logical justifications 
for assumptions made. CAG suggests costs of review and management of such large timber op-
erations for agency review will, by far, outstrip any potential savings – with the net  result of 
compromised resources.  
 
Working Forest Management Plan – AB 904 Intent 
 
As stated in previous comments on this rule making by CAG, the intent of AB 904 was to  allow 
for plans in perpetuity if such plans provided serious benefits to the resource – beyond the current 
FPRs.  This goal has not been demonstrated by the currently proposed rule language.  
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The language and project review for such rule making must demonstrate compliance with the 
language and intent of the legislation. 
 
 (j) “Working forest management plan” means a management plan for working forest timberlands, with 
objectives of maintaining, restoring, or creating uneven aged managed timber stand conditions, achieving 
sustained yield, and promoting forestland stewardship that protects watersheds, fisheries and wildlife 
habitats, and other important values. 
 
How does the proposed language meet the intent stated in the legislation (above or below)? 
 
(d) A description and discussion of the methods to be used to avoid significant sediment discharge to wa-
tercourses from timber operations. This shall include disclosure of active erosion sites from roads, skid 
trails, crossings, or any other structures or sites that have the potential to discharge sediment attributable 
to timber operations into waters of the state in an amount deleterious to the beneficial uses of water, an 
erosion control implementation plan, and a schedule to implement erosion controls that prioritizes major 
sources of erosion.” 
 
Additionally; the AB 904 language requires compliance with all applicable laws and statutes (that would 
include State of California and Federal Code).  
 
 
Water Quality Standards 
 
Referencing the last sentence in the quoted section above and the plane language of the the leg-
islation, it is clear that the present rule making language is not consistent with the intent and 
language of AB 904.  Previous comments from CAG and the Regional Board have made clear 
argument on this point.  
 
To comply with State Water Code and the clear wording in AB 904 “ Potential” sources of sed-
iment  must be addressed in an Erosion Control Implementation Plan.  
 
I am sure you are aware that most all streams in the north coast basin are listed on the States List of 
Water Quality Limited Segments (303 (d) list) – for various pollutants (sediment, temperature, 
nutrients, etc.).  The cause of these impaired listings, to a great extent, are attributed to inappro-
priate logging practices (Coastal Zone Management Act Re-authorization, Independent Scientific 
Review Panel, etc – the Forest Practice Rules do not protect beneficial uses). In this case the 
proposed rule language relies on the basic FPRs while limiting some evenaged practices – without 
a robust review process.  The point here is that you can not protect or restore water quality values 
without limiting “potential” sources of pollutants and without dealing with both active and po-
tential sources of said pollutant by use of an accountable methodology (this is exactly what 
TMDLs do and what the rule making process must address). 
 
The proposed rules, as they stand now, contain language that allows for deviation from applicable 
protective practices necessary to protect beneficial uses. This includes the failure to deal with 
potential sediment sources.  This failure may go beyond inconsistency with State Code. The cur-
rent rule language will create a failure to comply with the Federal Clean Water Act (or – set up a 
situation of non-compliance with the Clean Water Act). 
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As noted above; almost all north coast rivers are listed as impaired  (Water Quality Standards are 
not being met - forest practices being a major polluter).  TMDLs (both, State and Federal) have set 
benchmarks (pollution reduction targets – allowing for a margin of safety factor to assure com-
pliance) for pollutant loading limitations (effluent limitations). These limitations apply to THPs, 
NTMPs, and would apply to WFMPs or any land use that poses the threat of increased delivery of 
a listed pollutant. The control and reduction of listed pollutants is also mandated under State Water 
Code.  Exceedance of these benchmarks is not permissible under the Clean Water Act (and State 
Water Code). Pollutants are not allowed to cause impairment or exacerbate (add to) impairment of 
any surface waters.  Additionally, exceedence provokes review and required improvement of 
BMPs (BAT). (please review attached documents in Appendix) 
 
Under the Forest Practice Rules, no plan may be approved that is not consistent with the applicable 
water quality control plan (Basin Plan). The rule making process in this case should be consistent 
with the FPR intent to protect and recover water quality values (Water Quality Standards).  The 
Basin Plan contains language (anti-degradation language – under Water Quality Objectives) that is 
consistent with both, State and Federal, mandates to limit pollutants (to not cause or worsen im-
pairment).  (Note: Basin Plan Anti-degradation language – Water Quality Objectives -  below): 
 
"Controllable water quality factors shall conform to the water quality objectives contained herein. 
When other factors result in the degradation of water quality beyond the levels or limits estab-
lished herein as water quality objectives, then controllable factors shall not cause further deg-
radation of water quality. Controllable water quality factors are those actions, conditions, or 
circumstances resulting from man's activities that may influence the quality of waters of the State 
and that may reasonably be controlled." 
 
 
Regional Board Implementing Programs (WDRs and Waivers) may help cure some issues re-
garding the failure of the FPRs to protect beneficial uses.  However, these Implementing Programs 
are not fully protective (i.e. they currently fail to address pollutant impacts from canopy loss, 
erosion from hillslope runoff shortened lag to peak flow erosion impacts, and some legacy issues).  
Therefore, it is imperative that the Board of Forestry approve rule making that is fully protective 
and consistent  with all State and Federal Code. (please review court decisions on this subject - 
attached).  
 
 
Exceptions to the rules allowed (by  RPF justification and approval) for logging road con-
struction and watercourse crossings: 
 
 
The examples below (wording taken from the text of proposed rules) indicate that sediment control 
activities are to occur “when feasible” and that language that proposed rule language allows  de-
viation from specified practices in place to control pollutants.  It is not clearly defined what is to be 
considered “feasible” and/or the application of the word “feasible” leaves open the possibility that 
necessary pollutant (sediment) reduction targets are not being met.  It is not being argued that no 
flexibility is to be allowed.  It is being argued that timber harvest operations must demonstrate 
compliance with pollution reduction standards required under State and Federal statute.  This 
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process would require an Erosion Control Implementation Plan that inventories and monitors all 
active and potential sources of sediment.  
 
Language examples: 
 
923.2 
(a) 
(2) Avoid unstable areas and connected headwall swales to the extent feasible and 11 minimize activities 
that adversely affect them.  
  
(3) Minimize the size of cuts and fills to the extent feasible 
 
(5) Be hydrologically disconnected from watercourses and lakes to the extent feasible to 16 minimize 
sediment delivery from road runoff to a watercourse, and reduce the potential for 17 hydrologic changes 
that alter the magnitude and frequency of runoff delivery to a watercourse 
 
923.4 
 
(a) Logging roads and landings shall be hydrologically disconnected from watercourses 6 and lakes to the 
extent feasible to minimize sediment delivery from road runoff to a watercourse, 7 and reduce the potential 
for hydrologic changes that alter the magnitude and frequency of runoff 8 delivery to a watercourse. 
 
923.5 
 
(a) All logging road and landing surfaces shall be adequately drained through the use of  logging road and 
landing surface shaping in combination with the installation of drainage  structures or facilities and shall 
be hydrologically disconnected from watercourses and lakes to 24 the extent feasible 
 
923.9 
 
(1) Adequate surface drainage at logging road watercourse crossings shall be 7 provided through the use 
of logging road surface shaping in combination with the installation of  drainage facilities, ditch drains, or 
other necessary protective structures to hydrologically  disconnect the road from the crossing to the extent 
feasible. 
 
(2) Consistent with 14 CCR § 923.5(a)-(i), drainage facilities and ditch drains 11 shall be installed adja-
cent to logging road watercourse crossings, as needed, to hydrologically  disconnect to the extent feasible 
the logging road approach from the crossing, to minimize soil  erosion and sediment transport, and to 
prevent significant sediment discharge during and upon 14 completion of timber operations 
 
 
1094.6 Contents of WFMP 
 
(z) Explanation and justification for, and specific measures to be used for, tractor operations on unstable 
areas, on slopes over 65%, and in areas where slopes average over 50% where the 1 EHR is high or ex-
treme.   
 
(aa) Explanation and justification for tractor operations in areas designated for cable yarding.   
 
Watercourses, Lakes, Wet Meadows, or Other Wet Areas.  
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 (cc) Explanation and justification for use of landings, logging roads and skid trails in the  protection zones 
of  
 
(dd) Explanation and justification of any in-lieu or alternative practices for Watercourse and Lake  pro-
tection.  
 
(ee) Explanation of alternatives to standard rules for harvesting and erosion control.  
(ff) Explanation and justification for landings that exceed the maximum size specified in the  rules.  
 
 
The language above is new and indicates that exceptions are allowed under the proposed rules.  
These exceptions pose risk of increased sedimentation and, thus, should be reviewed and moni-
tored as part of the Erosion Control Implementation Plan.  Failure to track the control of active and 
potential sources (on such large and complex plans and with exceptions to rules) virtually assures 
that necessary pollution control objectives will not be met.  
 
 
(j) OPTION 1: An erosion control implementation plan with information as required by 14 CCR § 
923.1(e).  
 
  
(j) OPTION 2: A description and discussion of the methods to be used to avoid significant  sediment dis-
charge to watercourses from timber operations shall be included in an erosion  control implementation 
plan. This shall include disclosure of active erosion sites from logging  roads, skid trails, crossings, or any 
other structures or sites that have the potential to discharge  sediment attributable to timber operations into 
waters of the state resulting in significant  sediment discharge and violation of water quality requirements. 
The erosion control  implementation plan shall also include a schedule to implement erosion controls that 
prioritizes  significant existing erosion site(s). This subdivision shall not apply to the extent that the 
RPF provides documentation to the Department that the WFMP is in compliance with similar  require-
ments of other applicable provisions of law.  
 
 
The newly added language for erosion control implementation ( Option 1 & 2 – p. 27)   does not 
meet the requirements for the control of the pollutant sediment (as discussed above in this com-
ment letter).   
 
Option 1  - restricts assessment and control of sediment sources to roads and landings (thus lim-
iting accounting for active and potential sources outside of roads and landings).  All sediment 
sources must be addressed in a Erosion Control Implementation Plan 
 
Option 2 -  language excludes existing active or potential sediment sources (a land owner is re-
sponsible for all sediment production on a property or in the plan area), as consideration of sed-
iment sources is limited by the word “significant” (significant is not defined) – and would allow 
failure of consideration of pollutant sources that could and should be controlled. The proposed 
language does not include in the inventory of sediments sites to be controlled where there is ex-
isting potential (but not necessarily active erosion) with a risk of delivery of sediment to surface 
waters.  
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Both, new options evade responsibility to address potential delivery of pollution that is mandated 
by legal statute.  
 
Five Year Review  - Public input capacity 
 
The proposed rule language allows for 30 days (assumed commencing on day of notice) for the 
public to submit information and comment.  This 30 day (assumed from date of notice – issue is 
not clear) period limits the public ability to analyze and comment on any related agency review 
documents, findings, field inspection reports related to the 5 year review, and/or the department 
summary. Much of this information would not be available until after the proposed public com-
ment period is closed.  
 
The proposed wording restricts the ability of the public to respond with full knowledge of  existing 
conditions. The public should have access to all agency reports and findings and have sufficient 
time to assess and comment on this information prior to the 5 year review close of comment period 
for the public.  
 
It is suggested that the public be allowed 20 working days for review of such 5 year review 
documents until the comment period is closed. A similar comment period should be applied in the 
case of substantial deviations.  
 
Notice – says consistent with all State Code  
 
The FPRs (currently not certified by the EPA as Best Available Technology - BAT) and the 
proposed rule  making language for the WFMP (as a process) is intended to establish  Best 
Management Practices or BAT  for areas of operation in the plan area of an approved harvesting 
plan (or in this case a Working Forest Management Plan).  For such BMPs (BAT) to be acceptable, 
the proposed rules must meet the intent of AB 904 and also be consistent with all applicable code 
(State and Federal).  
 
Comment from the Regional Board and Coast Action Group has established that the current 
proposed rules for the WFMP are not consistent with “all State Code”. 
 
CEQA Compliance 
 
The Board of Forestry (a Certified Regulatory Program) must adhere to specific CEQA require-
ments. The Board must consider, analyze, deliberate, and adjust policy and rules in conformance 
with CEQA. 
 
Evidence in the proposed rule and related file clearly demonstrate inconsistency with applicable 
law – including by not limited to: Language and intent of AB 904, State Water Code, Applicable 
Water Quality Control Plan (Basin Plan), and compliance with TMDL bench marks (which im-
plies Clean Water Act violation).  It can be fairly argued that the current proposed language is not 
sufficient to meet the intended goal(s) of protecting and restoring water quality values and forest 
productivity and wildlife values.  
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The current file, comments and recommendation, from agency (Regional Board, CDFW), the 
public, and other concerned parties have pointed out inconsistencies and issues that require review 
and deliberation that would result in correction of deficiencies noted in the current proposed 
WFMP rule language.  Many of these issues are obvious deviation or inconsistency with State and 
Federal code as well as the language and intent of the initiating AB 904 language.    
 
We expect that these noted issues will be addressed in the environmental review of this project and 
corrected. 
 
                                     Sincerely,   
                                            Alan Levine, for Coast Action Group 
 
 
Appendix; 
 
Attached (for your review) are two federal court decisions on the necessity of meeting effluent 
limitations – in cases of impaired waterbodies  - where impairment or adding to impairment is not 
permissible.  These cases are for metals – they apply to all pollutants and related effluent limita-
tions and/or bench marks established by TMDLs.   
 
Please add these cases to the record.  
 
Santa Monica Baykeeper vs. Kramer Metals (attached) 
 
   
Santa Monica Baykeeper vs. International Metals EKCO (attached) 
 
 
 
 
:  



United States District Court,
C.D. California.

SANTA MONICA BAYKEEPER, a non-profit
corporation, Plaintiff,

v.
KRAMER METALS, INC., a corporation;

Spectrum Alloys, Inc., a corporation; Contin-
ental Truck and Towing Company LLC, a lim-

ited liability company; R & P Renovators,
LLC, a limited liability company; Kramer/Spir-

tas, LLC, a limited liability company; Rail
Prop, LLC, a limited liability company, De-

fendants.

Case No. 07-03849 DDP (FMOx).
Feb. 27, 2009.

Background: Non-profit public benefit cor-
poration brought action under Clean Water Act
(CWA) alleging that owner and operator of
scrap metal recycling plants violated terms of
its industrial storm water permit. Plaintiff
moved for partial summary judgment.

Holdings: The District Court, Dean D. Preger-
son, J., held that:
(1) fact issues remained as to whether owner
had best management practices (BMP) that
achieved best available technology economic-
ally achievable (BAT) for toxic and non-
conventional pollutants and best conventional
pollutant control technology (BCT) for con-
ventional pollutants;
(2) California Toxics Rule was water quality
standard that applied to plants' storm water
discharges;
(3) samples taken by plaintiff's expert were
sufficiently reliable to establish owner's viola-
tions;
(4) plants' storm water pollution prevention
plans (SWPPP) lacked sufficient specificity;
(5) owner had to include structural BMPs in

SWPPPs; and
(6) owner was not entitled to continuance.

Motion granted in part and denied in part.

West Headnotes

[1] Environmental Law 149E 196

149E Environmental Law
149EV Water Pollution

149Ek194 Permits and Certifications
149Ek196 k. Discharge of Pollutants.

Most Cited Cases

Environmental Law 149E 206

149E Environmental Law
149EV Water Pollution

149Ek204 Compliance and Enforcement
149Ek206 k. Violations and Liability

in General. Most Cited Cases

Benchmark levels set out in Environmental
Protection Agency's (EPA) multi-sector gener-
al permit for stormwater discharges associated
with industrial activity (MSGP) are relevant
guidelines that should be used to evaluate ef-
ficacy of facility's best management practices
(BMP), but samples in excess of those bench-
marks do not necessarily constitute violation
of general permit under Clean Water Act
(CWA); rather, approach to compliance with
permits requires assessments based both on in-
dustry-wide standards and on individualized
and flexible approach. Clean Water Act, §§
301, 402, 33 U.S.C.A. §§ 1311, 1342.

[2] Federal Civil Procedure 170A 2498.3

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)2 Particular Cases

170Ak2498.3 k. Environmental

Page 1
619 F.Supp.2d 914
(Cite as: 619 F.Supp.2d 914)

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.



Law, Cases Involving. Most Cited Cases

Genuine issue of material fact as to wheth-
er owner and operator of scrap metal recycling
plants had best management practices (BMP)
that achieved best available technology eco-
nomically achievable (BAT) for toxic and non-
conventional pollutants and best conventional
pollutant control technology (BCT) for con-
ventional pollutants, despite sampling orders
of magnitude in excess of benchmark levels set
out in Environmental Protection Agency's
(EPA) multi-sector general permit for storm-
water discharges associated with industrial
activity (MSGP), precluded summary judg-
ment in action alleging that owner did not
comply with terms of its industrial storm water
permit, in violation of Clean Water Act
(CWA). Clean Water Act, § 101 et seq., 33
U.S.C.A. § 1251 et seq.

[3] Environmental Law 149E 190

149E Environmental Law
149EV Water Pollution

149Ek187 Water Quality Standards or
Plans

149Ek190 k. Particular Water Qual-
ity Standards and Criteria. Most Cited Cases

California Toxics Rule, which established
numeric criteria for priority toxic pollutants for
California, was water quality standard that ap-
plied to storm water discharges from scrap
metal recycling plants in California. Clean
Water Act, § 303, 33 U.S.C.A. § 1313; 40
C.F.R. § 131.38.

[4] Environmental Law 149E 221

149E Environmental Law
149EV Water Pollution

149Ek215 Administrative Agencies and
Proceedings

149Ek221 k. Compliance and En-
forcement Proceedings. Most Cited Cases

National Pollutant Discharge Elimination
System permittee cannot object to quality of its
own sampling in action alleging Clean Water
Act (CWA) violations. Clean Water Act, § 101
et seq., 33 U.S.C.A. § 1251 et seq.

[5] Environmental Law 149E 230

149E Environmental Law
149EV Water Pollution

149Ek227 Evidence
149Ek230 k. Weight and Sufficiency.

Most Cited Cases

Samples taken by non-profit public benefit
corporation's expert were sufficiently reliable
to establish scrap metal recycling plant operat-
or's failure to comply with terms of its indus-
trial storm water permit, even though operator
did not provide access or permission to sample
storm water at its facility, and samples con-
tained fecal coliform, where expert provided
detailed explanation as to his background and
experience with water quality and environ-
mental engineering, and described collection
of water samples in significant detail, includ-
ing narrative description of location and pro-
cess used. Clean Water Act, § 101 et seq., 33
U.S.C.A. § 1251 et seq.

[6] Environmental Law 149E 196

149E Environmental Law
149EV Water Pollution

149Ek194 Permits and Certifications
149Ek196 k. Discharge of Pollutants.

Most Cited Cases

Environmental Law 149E 206

149E Environmental Law
149EV Water Pollution

149Ek204 Compliance and Enforcement
149Ek206 k. Violations and Liability

in General. Most Cited Cases

Scrap metal recycling facilities' storm wa-
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ter pollution prevention plans (SWPPP) lacked
specificity required to comply with their indus-
trial storm water permits issued pursuant to
Clean Water Act (CWA), where SWPPP's
identifications included only general indica-
tions of types of potential pollutants, and did
not describe and assess scrap metal processing
and storage. Clean Water Act, § 101 et seq., 33
U.S.C.A. § 1251 et seq.

[7] Environmental Law 149E 197

149E Environmental Law
149EV Water Pollution

149Ek194 Permits and Certifications
149Ek197 k. Conditions and Limita-

tions. Most Cited Cases

Environmental Law 149E 206

149E Environmental Law
149EV Water Pollution

149Ek204 Compliance and Enforcement
149Ek206 k. Violations and Liability

in General. Most Cited Cases

Non-structural best management practices
(BMP) used by scrap metal recycling facilities
did not prevent pollutants from coming into
contact with storm water, and thus facilities'
failure to include structural best management
practices (BMP) in their storm water pollution
prevention plans (SWPPP) violated provision
of industrial storm water permit issued pursu-
ant to Clean Water Act (CWA) requiring
BMPs to be developed and implemented to re-
duce or prevent pollutants in storm water dis-
charges. Clean Water Act, § 101 et seq., 33
U.S.C.A. § 1251 et seq.

[8] Federal Civil Procedure 170A 2498.3

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)2 Particular Cases

170Ak2498.3 k. Environmental

Law, Cases Involving. Most Cited Cases

Genuine issue of material fact as to wheth-
er scrap metal recycling facility's storm water
pollution prevention plans (SWPPP) contained
site map precluded summary judgment on
claim that SWPPP violated provision of indus-
trial storm water permit issued pursuant to
Clean Water Act (CWA) requiring SWPPP to
contain site map. Clean Water Act, § 101 et
seq., 33 U.S.C.A. § 1251 et seq.

[9] Environmental Law 149E 207

149E Environmental Law
149EV Water Pollution

149Ek204 Compliance and Enforcement
149Ek207 k. Reporting, Notice, and

Monitoring Requirements. Most Cited Cases

Owner and operator of scrap metal recyc-
ling facilities violated provision of industrial
storm water permit issued pursuant to Clean
Water Act (CWA) requiring it to conduct
storm water sampling and analysis from two
storm events at each site during five-year
cycle, where there were numerous qualifying
events, but owner only provided visual obser-
vations, and did not sample. Clean Water Act,
§ 101 et seq., 33 U.S.C.A. § 1251 et seq.

[10] Federal Civil Procedure 170A 2553

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)3 Proceedings

170Ak2547 Hearing and Determ-
ination

170Ak2553 k. Time for Con-
sideration of Motion. Most Cited Cases

Party requesting continuance to permit ad-
ditional discovery before ruling on summary
judgment motion must identify by affidavit
specific facts that further discovery would re-
veal, and explain why those facts would pre-
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clude summary judgment. Fed.Rules
Civ.Proc.Rule 56(f), 28 U.S.C.A.

[11] Federal Civil Procedure 170A 2553

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)3 Proceedings

170Ak2547 Hearing and Determ-
ination

170Ak2553 k. Time for Con-
sideration of Motion. Most Cited Cases

District court is within its discretion to
deny request for continuance to permit addi-
tional discovery before ruling on summary
judgment motion if movant has failed dili-
gently to pursue discovery in past. Fed.Rules
Civ.Proc.Rule 56(f), 28 U.S.C.A.

[12] Federal Civil Procedure 170A 2553

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)3 Proceedings

170Ak2547 Hearing and Determ-
ination

170Ak2553 k. Time for Con-
sideration of Motion. Most Cited Cases

District court should continue summary
judgment motion upon good faith showing by
affidavit that continuance is needed to obtain
facts essential to preclude summary judgment.
Fed.Rules Civ.Proc.Rule 56(f), 28 U.S.C.A.

[13] Federal Civil Procedure 170A 2553

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)3 Proceedings

170Ak2547 Hearing and Determ-
ination

170Ak2553 k. Time for Con-

sideration of Motion. Most Cited Cases

Owner and operator of scrap metal recyc-
ling facilities was not entitled to continuance
to permit additional discovery before ruling on
non-profit public benefit corporation summary
judgment motion in action under Clean Water
Act (CWA) alleging that owner violated terms
of its industrial storm water permit, despite
owner's contention that it did not know that
corporation would be relying on water samples
its expert collected and had not had opportun-
ity to cross-examine expert, where owner had
conducted no discovery in year and a half
since case had been filed, corporation specific-
ally disclosed data reports relating to storm
water sampling it conducted at owner's facilit-
ies, corporation's consultant conducted noticed
site inspection at facilities with expert for pur-
poses of settlement over one year earlier, and
owner failed to point to specific facts that
might be provided in deposition that would un-
dermine summary judgment. Clean Water Act,
§ 101 et seq., 33 U.S.C.A. § 1251 et seq.;
Fed.Rules Civ.Proc.Rule 56(f), 28 U.S.C.A.

*916 Daniel Cooper, Martin McCarthy, San
Francisco, CA, Andrew L. Packard, Michael P.
Lynes, Andrew L. Packard, Law Offices of
Andrew L. Packard, Petaluma, CA, for Clean
Water, Inc.

Emily Julia Atherton, Jason M. Booth, Dongell
Lawrence Finney, Los Angeles, CA, for De-
fendants.

ORDER GRANTING IN PART AND
DENYING IN PART PLAINTIFF'S MO-

TION FOR SUMMARY JUDGMENT
DEAN D. PREGERSON, District Judge.

Santa Monica Baykeeper (“Baykeeper”)
brings this action to enforce alleged violations
of the Clean Water Act. Defendant Kramer
Metals (“ Kramer ”) has owned and operated
two scrap metal recycling plants in Los
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Angeles. Baykeeper moves for Partial Sum-
mary Judgment, seeking a finding of liability
for a total of 14,092 violations and days of vi-
olation against Kramer. After reviewing the
materials submitted by the parties and hearing
oral argument, the Court grants in part and
denies in part the Motion for Partial Summary
Judgment.

I. FACTUAL AND PROCEDURAL BACK-
GROUND

Kramer Metals is the current and/or
former owner and operator of two scrap metal
facilities located in Los Angeles that are the
subject of this lawsuit. It is undisputed that
storm water discharged from both facilities is
regulated by California's Industrial Storm Wa-
ter Permit (“General *917 Permit”). Pl.'s Re-
quest for Judicial Notice (“RJN”), Ex. A
(General Permit No. CAS000001, “Waste Dis-
charge Requirements for Discharges of Storm
Water Associated with Industrial Activities
Excluding Construction Activities,” Water
Quality Order No. 97-03-DWQ).

A. Kramer 1760
Kramer owns and operates the scrap metal

facility located at 1760 Slauson Avenue in Los
Angeles, California (“Kramer 1760”). Kramer
1760 sits on approximately 1.8 acres, and in-
cludes a yard, office, scale, and operations
buildings and equipment. Its operations in-
clude scrap metal recycling and processing, as
well as vehicle fueling and maintenance. Some
of its scrap metal processing and storage oc-
curs outdoors, and the facilities are only par-
tially covered. Storm water coming into con-
tact with the Kramer 1760 facilities discharges
from the site via two driveways facing Slauson
Avenue and one driveway facing Holmes Av-
enue. It flows into gutters on Slauson and
Holmes Avenues and into a drop inlet on Ran-
dolf Street. The drop inlet on Randolph street
discharges into Compton Creek, the Los
Angeles River, and San Pedro Bay.

Kramer Metals collected samples of storm
water discharging from Kramer 1760 at sample
location Kramer Outfalls 1 and 2 on April 20,
2007. Cooper Decl., Ex. I at 160. Additionally,
as part of its investigation into Kramer's com-
pliance with the Clean Water Act, Baykeeper
collected samples on February 11, 2007, Feb-
ruary 22, 2007, April 20, 2007, November 30,
2007, January 6, 2008, and November 26,
2008.FN1

FN1. As discussed in more detail be-
low, Kramer disputes the authority of
these samples and what they show. See
Defs.' Statement of Genuine Issues
(“Defs.' Statement”), ¶¶ 40-50.

B. Kramer 1000
Until 2008, Kramer also owned and oper-

ated the scrap metal facility at 1000 Slauson
Avenue in Los Angeles, California (“Kramer
1000”).FN2 That facility is an approximately
3.5-acre scrap metal facility. Activities include
sorting, baling of ferrous and non-ferrous
metals, car body smashing, and vehicle fuel-
ing, Scrap is stored and processed outside, and
the facility is at least partially unpaved. Storm
water coming into contact with the Kramer
1000 facility discharges via the driveway fa-
cing Slauson Avenue and flows into gutters
located on Slauson Avenue, which discharge
into Compton Creek, the Los Angeles River,
and San Pedro Bay.

FN2. Operations at that facility stopped
in 2008. It is undisputed that on June
17, 2008, Kramer Metals filed a No-
tice of Termination for the Kramer
1000 facility. According to Douglas
Kramer's deposition testimony, opera-
tions at the facility ended in early 2008
because the facility was subject to an
eminent domain proceeding in the City
of Los Angeles. Atherton Decl., Ex. B
at 21:4-11. Baykeeper seeks liability
for violations at Kramer 1000 from
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April 14, 2002 through June 16, 2008.
Mot. at 3:8-10.

Baykeeper collected samples of storm wa-
ter discharging from Kramer 1000 locations on
February 11, 2007, February 22, 2007,
November 30, 2007, and January 6, 2008. See
Note 1, supra; Defs.' Statement, ¶¶ 182-88.

C. Procedural History
Baykeeper, a non-profit public benefit cor-

poration organized under California state law,
seeks to protect and enhance Los Angeles area
waters for the benefit of ecosystems, for the
use and enjoyment of its members, and for the
public at large. Ford Decl. ¶¶ 4-5. After con-
ducting an investigation of the Kramer facilit-
ies at issue here, Baykeeper concluded that
*918 Kramer 1760 and Kramer 1000 were op-
erating in violation of the General Permit and
the Clean Water Act. Baykeeper mailed stat-
utorily required notice of intent to sue on
March 10, 2007. On June 13, 2007, Baykeeper
filed this suit. Baykeeper's Complaint alleges
Six Causes of Action for discharges of con-
taminated storm water and failure to comply
with the requirements of California's General
Industrial Permit, in violation of the Clean
Water Act. Baykeeper filed this Motion for
Partial Summary Judgment on December 12,
2008.

II. BAYKEEPER'S MOTION FOR SUM-
MARY JUDGMENT

Baykeeper moves for a finding that each
Kramer facility violated the Clean Water Act
in five ways. At bottom, Kramer's opposition
to summary judgment takes two approaches.
First, Kramer argues that certain EPA-
promulgated standards do not have the legal
impact Baykeeper accords them. Second, and
more broadly, Kramer argues that genuine is-
sues of material fact pervade this suit and
make summary judgment inappropriate on all
grounds.FN3

FN3. Although Kramer lists some of
these genuine issues in its Opposition,
it makes this argument primarily by
pointing to its Statement of Genuine Is-
sues of Material Fact and the declara-
tions supporting the Opposition. Opp.
at 17:7-14.

A. Legal Standard for Summary Judgment
Summary judgment is appropriate where

“the pleadings, the discovery and disclosure
materials on file, and any affidavits show that
there is no genuine issue as to any material fact
and that the movant is entitled to a judgment as
a matter of law.” Fed.R.Civ.P. 56(c). A genu-
ine issue exists if “the evidence is such that a
reasonable jury could return a verdict for the
nonmoving party”; and material facts are those
“that might affect the outcome of the suit un-
der the governing law.” Anderson, 477 U.S. at
248, 106 S.Ct. 2505.

“As the party with the burden of persuasion
at trial, [Baykeeper] must establish beyond
controversy every essential element of its”
Clean Water Act claim. So. Cal. Gas Co. v.
City of Santa Ana, 336 F.3d 885, 888 (9th
Cir.2003)(citing William W. Schwarzer, et al.,
California Practice Guide: Federal Civil Pro-
cedure Before Trial § 14:124-127 (2001)). All
reasonable inferences from the evidence must
be drawn in favor of Kramer. Anderson v.
Liberty Lobby, Inc., 477 U.S. 242, 255, 106
S.Ct. 2505, 91 L.Ed.2d 202 (1986). Kramer
can defeat summary judgment “by demonstrat-
ing the evidence, taken as a whole, could lead
a rational trier of fact to find in its favor.” So.
Cal. Gas Co., 336 F.3d at 888. As the party
opposing summary judgment, Kramer must
come forward with specific facts, supported by
admissible evidence, showing a genuine issue
for trial. Fed.R.Civ.P. 56(e); Brinson v. Linda
Rose Joint Venture, 53 F.3d 1044, 1049 (9th
Cir.1995).

B. Legal Framework: The Clean Water Act
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and California's General Permit
1. The Clean Water Act and Permit System

The objective of the Clean Water Act is to
restore and maintain the “chemical, physical
and biological integrity of [the] Nation's wa-
ters.” 33 U.S.C. § 1251(a). In accordance with
that objective, § 301(a) of the Clean Water Act
makes unlawful “the discharge of any pollutant
by any person,” FN4 unless in compliance
with a permit *919 issued under the National
Pollutant Discharge Elimination System
(“NPDES”). 33 U.S.C. §§ 1311(a), 1342; En-
vtl. Prot. Agency v. California ex rel. State
Water Resources Control Board, 426 U.S. 200,
205, 96 S.Ct. 2022, 48 L.Ed.2d 578 (1976).
“An NPDES permit serves to transform gener-
ally applicable effluent limits and other stand-
ards ... into the obligations ... of the individual
discharger.” State Water Resources Control
Board, 426 U.S. at 205, 96 S.Ct. 2022.

FN4. As a corporation, Kramer is a
“person” under the Clean Water Act. 33
U.S.C. § 1362(5).

Noncompliance with a permit constitutes a
violation of the Clean Water Act. 40 C.F.R. §
122.41. Authority to issue permits under the
NPDES is vested in the Administrator of the
Environmental Protection Agency, but that au-
thority may be delegated to states. 33 U.S.C. §
1342(b); Hawaii's Thousand Friends v. City
and County of Honolulu, 821 F.Supp. 1368
(D.Haw.1993). The State of California has
been granted permitting authority.

The Clean Water Act authorizes citizen
suits “against any person ... who is alleged to
be in violation of ... an effluent standard or
limitation under this chapter.” FN5 33 U.S.C.
§ 1365(a)(1). The Act imposes strict liability
for NPDES violations. See Hawaii's Thousand
Friends, 821 F.Supp. at 1392 (noting that be-
cause the Clean Water Act imposes strict liab-
ility, issues of fault do “not absolve the violat-
or from penalties, although [a lack of fault]

might mitigate the amount of the penalties as-
sessed”). Accordingly, to establish a violation
of the Act, Baykeeper need only prove that
Kramer violated the terms and conditions of its
NPDES permit. Id.

FN5. For the purposes of § 1365, the
term “effluent standard or limitation
under this chapter” includes an unlaw-
ful act under § 1311(a), i.e., the dis-
charge of a pollutant in violation of the
General Permit. 33 U.S.C. § 1365(f);
see id. §§ 1311(a), 1342(p).

2. California's General Storm Water Permit
Section 402(p) of the Clean Water Act, 33

U.S.C. § 1342(p), establishes a framework for
regulating pollutants associated with industrial
activity. Pursuant to EPA regulations, author-
ized states may issue general permits or indi-
vidual permits to regulate storm water dis-
charges. See 40 C.F.R. §§ 122.26(c), 122.28,
123.25; see also 60 Fed.Reg. 50804-01. Cali-
fornia has issued a General Permit that applies
to all storm water discharges requiring a per-
mit except construction activity.FN6 RJN, Ex.
A. The parties agree that the General Permit
governs Kramer's facilities.

FN6. The General Permit was issued in
1991, modified in 1992, and reissued in
1997.

The General Permit implements the re-
quirements of the Clean Water Act through
both technology-based provisions and water
quality-based standards. As relevant here, the
General Permit sets out four basic require-
ments for permittees: (1) effluent limitations,
(2) receiving water limitations, (3) the imple-
mentation of a Storm Water Pollution Prevent
Plan, and (4) the development of a Monitoring
and Reporting Program.

First, the General Permit sets effluent lim-
itations. There are three basic effluent limita-
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tions. Where the EPA has set effluent limita-
tion guidelines for an industry, storm water
discharges may not exceed the specific
guidelines. Gen. Permit, Effluent Limitation
B(1) (RJN, Ex. A at 22-23). Additionally,
storm water discharges shall not contain a haz-
ardous substance equal to or in excess of a re-
portable quantity listed in 40 C.F.R. Part 117
and/or 40 C.F.R. Part 302. Gen. Permit, Efflu-
ent Limitation B(2) (RJN, Ex. A at 23).
Neither*920 of these first two limitations is at
issue here: the EPA has not established specif-
ic guidelines for scrap metal recycling facilit-
ies and Baykeeper does not argue that
Kramer's storm water discharges were in ex-
cess of a reportable quantity. Finally, the Gen-
eral Permit includes a technology-based re-
quirement. It requires that facility operators
“reduce or prevent pollutants associated with
industrial activity” through (1) the implement-
ation of the best available technology econom-
ically achievable (“BAT”) for toxic and non-
conventional pollutants and (2) the best con-
ventional pollutant control technology
(“BCT”) for conventional pollutants. Gen. Per-
mit, Effluent Limitation B(3) (RJN, Ex. A at
23). A facility operator can comply with this
requirement by developing and implementing a
Storm Water Pollution Prevention Plan
(“SWPPP”) that (1) complies with the require-
ments in § A of the General Permit and (2) in-
cludes best management practices (“BMPs”)
FN7 that achieve BAT/BCT. Id.

FN7. BMPs are

schedules of activities, prohibitions of
practices, maintenance procedures,
and other management practices to
prevent or reduce the pollution of
“waters of the United States.” BMPs
also include treatment requirements,
operating procedures, and practices to
control plant site runoff, spillage or
leaks, sludge or waste disposal, or

drainage from raw material storage.

40 C.F.R. § 122.2. BMPs can be
structural or non-structural.

Second, the General Permit prohibits the
discharge of water that causes or contributes to
an exceedance of any applicable water quality
standards contained in a Statewide Water
Quality Control Plan or the applicable Region-
al Water Board's Basin Plan. Gen. Permit, Re-
ceiving Water Limitation C(2) (RJN, Ex. A at
23). The EPA has promulgated statewide water
quality standards for toxic pollutants in Cali-
fornia through the California Toxics Rule, 40
C.F.R. 131.38 (2005) (“CTR”). The CTR sets
out a numeric schedule for toxic pollutants.
FN8 A facility operator will not be in violation
of limitation C(2) if (1) the facility operator
has implemented BMPs that achieve BAT/
BCT and (2) the facility operator appropriately
submits a report the describes the current
BMPs and revisions to those BMPs and the
SWPPP. Gen. Permit, Receiving Water Limit-
ation C(3)-(4) (RJN, Ex. A at 23-24).

FN8. As discussed below, the parties
dispute the applicability and impact of
the CTR.

Third, the General Permit requires that per-
mittees develop and implement a Storm Water
Pollution Prevention Plan that meets certain
requirements. Gen. Permit, § A (RJN, Ex. A at
30). The SWPPP has two major objectives: (1)
to identify and evaluate sources of pollutants
and (2) to identify and implement site-specific
BMPS to reduce or prevent pollutants associ-
ated with industrial activities in storm water
discharges. Gen. Permit, § A(2) (RJN, Ex. A at
30-31). Section A of the General Permit cata-
logues with significant detail what an SWPPP
must contain to comply with the General Per-
mit. A SWPPP must contain a compliance
activity schedule, a description of industrial
activities and pollutant sources, a description
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of BMPs, drawings, maps (including a site
map), and relevant copies or references of
parts of other plans. Id. A permittee must eval-
uate and update the SWPPP with additional
BMPs necessary to achieve compliance with
the General Permit. See Gen. Permit, Receiv-
ing Water Limitation C(3)-(4), §§ A(2) &
A(9).

Fourth, the General Permit requires a per-
mittee to develop a Monitoring and Reporting
Program (“MRP”). Gen. Permit, § B. As part
of the MRP, a permittee must conduct visual
observations of storm *921 water throughout
the Wet Season; must collect water samples at
each outfall during specific times; must ana-
lyze these samples for specific contaminants;
and must file Annual Reports with the Region-
al Board summarizing the visual observations,
results of sampling analysis, and General Per-
mit compliance. Gen. Permit, §§ B(3)-(5),
B(14). Where permittees participate in group
monitoring programs, reduced monitoring re-
quirements apply. Gen. Permit, § B(15). Be-
cause Kramer participates in the Metals Re-
cyclers Monitoring Group (“MRMG”), Kramer
must sample from at least two storm events
over the five-year period of the General Per-
mit. Id. § B(15)(b).

C. Effluent Limitation B(3) of the General Per-
mit

Baykeeper first argues that there is no
genuine issue of material fact that both Kramer
1760 and Kramer 1000 violated Effluent Lim-
itation B(3) of the General Permit. In order to
comply with Effluent Limitation B(3), a facil-
ity's SWPPP must include BMPs that achieve
BAT/BCT. Gen. Permit, Effluent Limitation
B(3). Baykeeper cites to the Benchmark Levels
set out in the EPA Multi-Sector Permit and ar-
gues that these “provide an objective standard
to determine if a permittee's BAT/BCT has
been implemented.” Pl.'s Mem. at 8. Because
samples collected at both Kramer 1760 and

Kramer 1000 showed pollutants in excess of
these Benchmarks, Baykeeper argues, both fa-
cilities were in violation of the General Permit.
Kramer argues that the use of the EPA Bench-
marks is inappropriate and that there are genu-
ine issues of material fact regarding the
samples on which Baykeeper relies.

Because Baykeeper's first basis for sum-
mary judgment relies on the Court importing
the EPA Benchmarks as objective measures,
the Court begins by addressing the propriety of
relying on those standards. The Court finds
that the EPA Benchmarks are appropriate to
use as objective guidelines in assessing wheth-
er Kramer has implemented BMPs that achieve
BAT/BCT, but that they are only one part of
such an analysis. Accordingly, as discussed be-
low, the Court denies summary judgment on
this ground.

1. The EPA's Authority and Actions
As relevant here, the Clean Water Act re-

quires that the EPA issue certain types of
guidelines, and also gives the EPA consider-
able discretion in how to do so.

a. Authority to Set Effluent Limitations and
Authority to Issue Permits

First, the Clean Water Act directs the EPA
to set effluent limitations for certain pollutants
on a national level. 33 U.S.C. § 1311(b)(2)(A).
An effluent limitation is a “restriction imposed
by the Director on quantities, discharge rates,
and concentrations of ‘pollutants' which are
‘discharged’ from ‘point sources' into ‘waters
of the United States,’ the waters of the
‘contiguous zone,’ or the ocean.” 40 C.F.R. §
122.2. Effluent limitations can be technologic-
al, as well as numeric. When the EPA sets nu-
meric effluent limitations, the Clean Water Act
requires that they reflect the application of the
best available technology economically
achievable. 33 U.S.C. § 1311(b)(2)(A). The
EPA must identify the degree of effluent re-
duction attainable through the application of
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the best control measures and practices achiev-
able. 33 U.S.C. § 1342(b)(2). The BAT should
include treatment, process and procedure in-
novations, and operating methods. Id. In as-
sessing BAT, the EPA is required to consider
factors that include but are not limited to the
age of equipment and facilities involved, pro-
cess employed, engineering aspects, process
changes, the cost of achieving such effluent re-
duction, and non-*922 water quality environ-
mental impact of technology, such as energy
use. Id. For some industries, the EPA has pro-
mulgated regulations, including numeric efflu-
ent limits for storm water discharges, that ap-
ply on a national level. See 40 C.F.R.,
Subchapter N. Scrap recycling facilities are not
among those industries regulated by
Subchapter N.

Additionally, as mentioned above, § 402(p)
of the Clean Water Act, 33 U.S.C. § 1342(p),
grants the EPA the authority to issue permits
regulating pollutants and discharges, as well as
the discretion to delegate its permitting author-
ity to approved states. Unless the EPA chooses
to regulate on a national level, an authorized
state's permit will govern storm water dis-
charges in that state.

b. The EPA's Multi-State General Permit
(“MSGP”)

Pursuant to its permitting authority under §
1342(p), the EPA has promulgated the Multi-
Sector General Permit for Stormwater Dis-
charges Associated with Industrial Activity
(“MSGP”). See Final National Pollutant Dis-
charge Elimination System Storm Water
Multi-Sector General Permit for Industrial
Activities, 60 Fed.Reg. 50804 (September 29,
2005); Final Reissuance of National Pollutant
Discharge Elimination System (NPDES) Storm
Water Multi-Sector General Permit for Indus-
trial Activities, 65 Fed.Reg. 64746-01
(October 30, 2000); Final National Pollutant
Discharge Elimination System (NPDES) Gen-

eral Permit for Stormwater Discharges From
Industrial Activities, 73 Fed.Reg. 56572-01
(September 29, 2008) (referring to http://
cfpub. epa. gov/ npdes/ stormwater/ msgp. cfm
for the text of the 2008 MSGP). The MSGP
only applies to non-delegated States; it there-
fore does not apply to California industrial fa-
cilities, except for those located on Indian
lands. FN9

FN9. See 2000 MSGP, 65 Fed.Reg. at
64803; 2008 MSGP, Appendix C, C-4,
available at http:// cfpub. epa. gov/ np-
des/ stormwater/ msgp. cfm.

Overall, the MSGP sets out specific stand-
ards, requirements for an SWPPP, and for
monitoring and reporting. Among its other
provisions, the MSGP sets out benchmark
levels for certain pollutants to use as a
guideline in analyzing facilities' compliance
with the Clean Water Act, and directs facilities
to conduct monitoring on the basis of those
benchmark levels. 1995 MSGP, 60 Fed.Reg. at
50824-25; 2000 MSGP, 65 Fed.Reg. at
64836-39; 2008 MSGP at 102.

As set forth in the MSGP, Benchmark
levels are distinct from the effluent limitations
described above. According to the various ver-
sions of the MSGP, benchmarks

are the pollutant concentrations above which
EPA determined represent a level of concern.
The level of concern is a concentration at
which a storm water discharge could poten-
tially impair, or contribute to impairing, wa-
ter quality or affect human health from in-
gestion of water or fish. The benchmarks are
also viewed as a level that, if below, a facil-
ity presents little potential for water quality
concern. As such, the benchmarks also
provide an appropriate level to determine
whether a facility's storm water pollution
prevention measures are successfully imple-
mented. The benchmark concentrations are

Page 10
619 F.Supp.2d 914
(Cite as: 619 F.Supp.2d 914)

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.



not effluent limitations and should not be in-
terpreted or adopted as such. These values
are merely levels which EPA has used to de-
termine if a storm water discharge from any
given facility merits further monitoring to
ensure that the facility has been successful in
implementing a SWPPP.

*923 2000 MSGP, 65 Fed.Reg. at
64766-67; see id. at 64816 (“The results of
benchmark monitoring are primarily for your
use to determine the overall effectiveness of
your SWPPP in controlling the discharge of
pollutants to receiving waters. Benchmark val-
ues, included in Part 6 of this permit, are not
viewed as effluent limitations. An exceedance
of a benchmark value does not, in and of itself,
constitute a violation of this permit. While ex-
ceedance of a benchmark value does not auto-
matically indicate that violation of a water
quality standard has occurred, it does signal
that modifications to the SWPPP may be ne-
cessary. In addition, exceedance of benchmark
values may identify facilities that would be
more appropriately covered under an individu-
al, or alternative general permit where more
specific pollution prevention controls could be
required.”); 1995 MSGP, 60 Fed.Reg. at
50824-25 (same); 2008 MSGP at 35 (“The
benchmark concentrations are not effluent lim-
itations; a benchmark exceedance, therefore, is
not a permit violation. Benchmark data are
primarily for your use to determine the overall
effectiveness of your control measures and to
assist you in knowing when additional correct-
ive action(s) may be necessary to comply with
the effluent limitations in Part 2.”). Where
samples indicate concentrations in excess of
benchmarks, the MSGP generally appears to
require that a company evaluate its control
measures and determine whether modifications
are necessary. See, e.g., 2008 MSGP at 35-37
(§ 6.2.1).

Benchmark limitations and effluent limita-

tions also appear to have different relation-
ships BAT/BCT. As described above, by stat-
ute, effluent limitations are inextricably linked
to BAT/BCT. See 33 U.S.C. §§ 1311(b)(2)(A),
1342(b)(2). EPA Benchmarks, on the other
hand, are not as linked. Rather, it appears that
the Benchmarks levels are based on informa-
tion such as concentration values for aquatic
life, secondary wastewater treatment regula-
tions, and human health criteria. See 1995 MS-
GP, 60 Fed.Reg. at 50825; 2000 MSGP, 65
Fed.Reg. at 64767 (citing to 1995 MSGP).
While numeric effluent limitations must take
into account industry-specific BAT/BCT, the
numeric guidelines reflected in the Benchmark
levels do not vary among industries. The pol-
lutants an industry must monitor does vary by
industry, however; the EPA has determined
whether an industry presents a risk for certain
types of pollutants based on a statistical ana-
lysis of samples. See id.

According to the MSGP, scrap recycling
facilities, which are Standard Industrial Classi-
fication Code 5093, must monitor seven chem-
icals. There are no numeric effluent limitations
for scrap recycling facilities set forth either in
40 C.F.R. Subchapter N or in the MSGP.

2. Effluent Limitations in California's General
Permit

The parties agree that California's General
Permit does not by its terms incorporate the
MSGP's Benchmark levels in Effluent Limita-
tion B(3). The General Permit provides that for
facilities regulated by 40 C.F.R. Subchapter N,
“compliance with the effluent limitation
guidelines constitutes compliance with BAT
and BCT for the specified pollutants and must
be met comply with this General Permit.” Gen.
Permit, Fact Sheet at VIII (RJN, Ex. A at 14);
Id., Effluent Limitation B(1) (RJN, Ex. A at
22). For industries that are not among the in-
dustrial categories listed in 40 C.F.R.
Subchapter N, like the scrap recycling facilit-
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ies at issue here, the General Permit provides
that “it is not feasible at this time to establish
numeric effluent limitations.... Therefore, this
General Permit allows the facility operator to
implement best management practices (BMPs)
to *924 comply with the requirements of this
General Permit.” Gen. Permit, Findings ¶ 9
(RJN, Ex. A at 21). The lack of an objective
standard in the General Permit has been a
source of criticism. See Booth Decl., Ex. B. at
80. The General Permit does require, however,
that permittees incorporate BMPs “that
achieve BAT/BCT.” Gen. Permit, Effluent
Limitation B(3).

3. Role of EPA Benchmark Levels in the Efflu-
ent Limitation B(3) Analysis

Baykeeper urges the Court to look to the
EPA Benchmarks as “objective standards for
determining the sufficiency of BMPs.” Reply
at 7. Baykeeper asserts that because Kramer
had numerous samples exceeding the Bench-
mark levels, there is no genuine issue of mater-
ial fact that Kramer's BMPs did not achieve
BAT/BCT, as required by the General Permit.
Kramer argues that adopting Baykeeper's ap-
proach inappropriately treats the benchmarks
as enforceable guidelines, even though the
General Permit does not specifically incorpor-
ate them as such. Baykeeper accuses Kramer
of mischaracterizing its argument. Although
Baykeeper asserts that it does not “elevate[ ]
EPA Benchmark levels to ‘enforceable numer-
ic limits,’ ” see Reply at 6, there is limited, if
any, practical difference between that and what
Baykeeper asks the Court to do in its first ar-
gument-to grant summary judgment based
solely on samples that are above the bench-
mark levels. See Pl.'s Mem. at 10 (“Each of
these discharges of polluted storm water in ex-
cess of EPA Benchmarks is a separate viola-
tion of the General Permit[.]”).

[1] The Court holds that the EPA Bench-
marks are relevant guidelines that should be

used to evaluate the efficacy of a facility's
BMPs, but that samples in excess of those
benchmarks do not necessarily constitute a vi-
olation of the General Permit.FN10 There can
be no reasonable dispute that the Benchmarks
are relevant to the inquiry as to whether a fa-
cility implemented BMPs. Cf. Waterkeepers
Northern California v. AG Industrial Mfg. Inc.,
375 F.3d 913, 919 n. 5 (9th Cir.2004)
(suggesting that the plaintiff appropriately
pointed to EPA Benchmark values “as evid-
ence to support its claim that [the defendant]
failed to implement adequate BMPs”). As Bay-
keeper noted in its Reply, the Benchmarks are
often used as an objective guideline by those
investigating compliance. Indeed, Timothy
Simpson, Vice President and principal engin-
eer for Geomatrix Consultants, the group lead-
er for the Metals Recyclers Monitoring Group,
testified at his deposition that the MRMG uses
the EPA's Benchmarks to determine which cli-
ents likely need to implement “additional
measures” to remain in compliance with the
General Permit. See Simpson Decl., ¶ 1;
Simpson Depo. at 35:6-36:14. The MSGP con-
templates using the Benchmark levels in pre-
cisely this way. See pp. 921-23, supra; 2000
MSGP, 65 Fed.Reg. at 64766-67 (“[T]he
benchmarks also provide an appropriate level
to determine whether a facility's storm water
pollution prevention measures are successfully
implemented.”).

FN10. At oral argument, Baykeeper
agreed that this was the proper ap-
proach.

Although the Benchmark levels are useful
objective guidelines, the Court is not per-
suaded it would be appropriate to hold that
samples showing concentrations in excess of
the Benchmark levels constitute a violation of
Effluent Limitation B(3) simply by virtue of
exceeding those Benchmark levels. Doing so
would effectively-and inappropriately-turn
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these Benchmarks into numeric effluent limita-
tions. First, the General Permit neither spe-
cifically*925 incorporates the Benchmark
levels nor cites to them as helpful guidance.
Second, the MSGP indicates that Benchmark
levels are to be used as signals that an SWPPP
may need adjusting, not as a bright-line proxy
for compliance or noncompliance. Moreover,
Effluent Limitation B(3) provides that BMPs
must “achieve BAT/BCT.” As discussed
above, while effluent limitations are inextric-
ably linked with BAT/BCT, as far as the Court
can tell, EPA Benchmarks are not so linked.
Without a direct link to BAT/BCT, it would be
problematic to use the Benchmark levels to
conclusively determine whether a facility's
“BMPs achieve BAT/BCT.”

Instead, the Court holds that a more com-
prehensive approach is necessary. The Clean
Water Act, the General Permit, and applicable
regulations suggest that the approach to com-
pliance with permits requires assessments
based both on industry-wide standards and on
an individualized and flexible approach. For
example, when the EPA sets effluent limits, it
does so on an industry-by-industry basis. See
33 U.S.C. § 1311(b)(2)(A) (requiring that ef-
fluent limitations be set for “categories and
classes of point sources”). However, the sub-
stance of each SWPPP, including the appropri-
ate BMPs, is developed facility-by-facility. See
Gen. Permit, § A. The Court does not doubt
that an objective standard has benefits, includ-
ing the ease of administration and the ease of
determining when site violates the General
Permit. Repeated and/or significant ex-
ceedances of the Benchmark limitations should
be relevant to this determination. With respect
to Effluent Limitation B(3), however, the Gen-
eral Permit appears to require a more compre-
hensive look at the BAT/BCT for the industry
to determine whether a specific site's BMPs
achieve BAT/BCT.

[2] Baykeeper's first ground for summary
judgment rests entirely on the fact that samples
repeatedly show effluent limitations in excess
of the benchmark levels. See Pl.'s Mem. at
9-10. Baykeeper's argument draws from
sampling at the Kramer facilities and the opin-
ion of Dr. Horner. As noted above, the Court
agrees that sampling orders of magnitude in
excess of the benchmark levels is evidence
supporting Baykeeper's contention that Kramer
did not have BMPs that achieve BAT/BCT. As
discussed above, however, this evidence in and
of itself does not establish a violation of Efflu-
ent Limitation B(3). Dr. Horner opined that
“modern stormwater treatment devices can
produce effluents of higher quality for many”
of the contaminants set by the MSGP, and that,
accordingly, “the EPA benchmarks convey
some ‘benefit of the doubt’ on treatment cap-
abilities to dischargers.” Horner Decl. ¶ 23.
According to Dr. Horner, because they accord
some benefit of the doubt, these benchmarks
“are in no way excessively stringent or infeas-
ible to meet.” Id. Although both sampling and
Dr. Horner's opinion support Baykeeper's Mo-
tion, without a more comprehensive discussion
of the BAT/BCT, the Court cannot find that no
genuine issue of material fact remains. The
SWPPP and Kramer's testimony reflect some
BMPs used by the Kramer facilities; while the
Court finds it doubtful that BMPs such as
sweeping achieve BAT/BCT, the Court has no
real discussion on these issues before it in ref-
erence to Effluent Limitation B(3). Where
Baykeeper's motion included no discussion of
how Kramer's BMPs compared with the BAT/
BCT, the Court is not convinced that samples
in excess of the Benchmark levels were suffi-
cient to shift the burden to Kramer to dispute
this claim. (To the extent Baykeeper discusses
these issues with reference to requirements of
the *926 SWPPP, the Court addresses liability
on that ground below.)

D. Receiving Water Limitation C(2) of the
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General Permit
[3] Next, Baykeeper moves for summary

judgment on the ground that the discharge
from both Kramer facilities is in excess of wa-
ter quality standards, and therefore in violation
of the Receiving Water Limitation C(2) of the
General Permit. In particular, Kramer argues
that Baykeeper inappropriately relies on the
California Toxics Rule. The Court holds that
the California Toxics Rule is a water quality
standard that applies to Kramer, and that sum-
mary judgment is warranted as to liability on
that ground.

1. CTR as a Water Quality Standard Under
Receiving Water Limitation C(2)

The General Permit's Receiving Water
Limitations provides that storm water dis-
charges “shall not adversely impact human
health or the environment.” Gen. Permit, Re-
ceiving Water Limitation C(1). In particular,
Receiving Water Limitation C(2) provides that
storm water discharges “shall not cause or con-
tribute to an exceedance of any applicable wa-
ter quality standards contained in a Statewide
Water Quality Control Plan or the applicable
Regional Water Board's Basin Plan.” Id., Re-
ceiving Water Limitation C(2).

The California Toxics Rule (“CTR”), 40
C.F.R. 131.38, is an applicable water quality
standard. After a California court overturned
the State's water quality control plan, and pur-
suant to § 303 of the Clean Water Act, 33
U.S.C. § 1313, the EPA promulgated the CTR
“to fill a gap in California water quality stand-
ards” that had existed for several years in the
absence of a State water quality control plan.
Water Quality Standards; Establishment of Nu-
meric Criteria for Priority Toxic Pollutants for
the State of California, 65 Fed.Reg. 31682
(May 18, 2000). The EPA's Summary of the
Final Rule provides that “[t]hese Federal cri-
teria are legally applicable in the State of Cali-
fornia for inland surface waters, enclosed bays

and estuaries for all purposes and programs
under the Clean Water Act.” Id. “All waters
(including lakes, estuaries, and marine waters)
... are subject to the criteria promulgated
today. Such criteria will need to be attained at
the end of the discharge pipe, unless the State
authorizes a mixing zone.” Id. at 31701. For
the pollutants present in the discharges from
the Kramer facilities, the following pollutant
concentrations apply (assuming a receiving
water hardness of 100 mg/L as CaCO3 and all
as dissolved quantities): lead-0.065 mg/L; cop-
per-0.013 mg/L; zinc-0.120 mg/L; and cadmi-
um-0.0043 mg/L. 40 C.F.R. 131.38(b)(1).
FN11

FN11. The CTR levels are lower than
benchmark levels. See 65 Fed.Reg. at
31701 (“EPA is aware that the criteria
promulgated today for some of the pri-
ority toxic pollutants are at concentra-
tions less than EPA's current analytical
detection limits. Analytical detection
limits have never been an acceptable
basis for setting water quality criteria
since they are not related to actual en-
vironmental impacts.”). Pursuant to §
1342(p)(3)(A) (which incorporates the
requirements of § 1311), “industrial
storm-water discharges shall achieve
any more stringent limitation, including
those necessary to meet water quality
standards, treatment standards or sched-
ules of compliance, established pursu-
ant to any State law or regulation.” De-
fenders of Wildlife v. Browner, 191
F.3d 1159, 1164-65 (9th
Cir.1999)(internal quotation marks and
alterations omitted).

Kramer argues that the CTR is not applic-
able here for two reasons, neither of which the
Court finds persuasive. First, Kramer argues
that, according to California's “Policy for Im-
plementation of Toxics *927 Standards for In-
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land Surface Waters, Enclosed Bays, and Estu-
aries of California,” the CTR does not apply to
individual dischargers. See Booth Decl., Ex. A.
Kramer's reading of the CTR and the Imple-
mentation Policy is unavailing. The CTR ex-
pressly applies to “all waters” for “all purposes
and programs under the Clean Water Act.” See
65 Fed.Reg. at 31682, 31701. By noting that
the Implementation Policy does not apply to
storm water discharges, see Booth Decl., Ex. A
at 16 n. 1, the Implementation Policy does not
purport to exempt storm water dischargers
from the limits imposed by the CTR, a federal
regulation. Rather, the Implementation Policy
suggests that those issues are regulated by the
General Permit. The General Permit requires
adherence to water quality standards.FN12

Second, Kramer appears to argue that its con-
tribution to impairment by pollutants would be
small. However, the CTR criteria apply “end
of the discharge pipe, unless the State author-
izes a mixing zone.” 65 Fed.Reg. at 31701.
The General Permit authorizes no mixing zone.

FN12. This interpretation is consistent
with the approach taken by the Region-
al Water Quality Control Board for the
Los Angeles Region in its 2001 LA
County MS4 Permit. See Cooper Reply
Decl., Ex. B at 51 (defining “Water
Quality Standards and Water Quality
Objectives” to mean “water quality cri-
teria contained in ... the California Tox-
ics Rule”).

In sum, the CTR is a water quality standard
in the General Permit, Receiving Water Limit-
ation C(2). A permittee violates Receiving
Water Limitation C(2) when it “causes or con-
tributes to an exceedance of” such a standard,
including the CTR. The General Permit
provides that a facility operator “will not be in
violation of Receiving Water Limitation C(2)
as long as the facility operator has implemen-
ted BMPs that achieve BAT/BCT” and follows

a reporting procedure. Gen. Permit, Receiving
Water Limitation C(3).

2. Baykeeper's Samples
[4] Baykeeper rests its argument for C(2)

violations at the 1760 facility on sampling by
Kramer on April 20, 2007 and by Baykeeper
on February 11, 2007, February 22, 2007,
April 20, 2007, November 20, 2007, and Janu-
ary 3, 2008. Baykeeper rests its argument for
C(2) violations at the 1000 facility on
sampling by Baykeeper on February 11, 2007
and February 22, 2007. While Kramer cannot
object to the quality of its own sampling, see
Sierra Club v. Union Oil Co. of Cal., 813 F.2d
1480, 1492 (9th Cir.1987), vacated by 485
U.S. 931, 108 S.Ct. 1102, 99 L.Ed.2d 264,
judgment reinstated in 853 F.2d 667 (9th
Cir.1988) (“when a permittee's reports indicate
that the permittee has exceeded permit limita-
tions, the permittee may not impeach its own
reports by showing sampling error”), it argues
that Baykeeper's samples may not be reliable.

[5] Kramer's objection to the reliability of
these samples is twofold. First, Kramer notes
that Kramer did not provide access or permis-
sion to sample storm water at its facility.
Kramer Decl. ¶ 7. According to Simpson, if
such samples were taken off of Kramer
Metals' premises, “they may have been tainted
by water from other sources.” Simpson Decl. ¶
21.FN13 *928 Second, Kramer argues that the
existence of fecal coliform in the samples
“indicates the possibility of contamination of
the samples by water from other sources.”
Simpson Decl. ¶ 22. Carlos Carreon, who col-
lected Baykeeper's samples, provided a de-
tailed explanation as to his background and ex-
perience with water quality and environmental
engineering here. Carreon Decl. ¶¶ 3-4, Ex. A.
Additionally, Carreon's description of the col-
lection of the water samples contains signific-
ant detail, providing a narrative description of
the location and process Carreon used, as well
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as Carreon's notes. See, e.g., Carreon Decl. ¶
14, Ex. H at 116, 132. Kramer's witnesses do
not specifically address either Carreon's quali-
fications or his sampling technique.FN14

Rather than address Carreon's specific descrip-
tions of the sampling conditions, Simpson's de-
claration contains only a conclusory assertion
that the water sampling was performed “under
undocumented conditions” and that this, com-
bined with the presence of fecal coliform, sug-
gests that the samples could have been tainted.
Simpson Decl. ¶ 19. Simpson's assertion as to
the “undocumented” nature of Carreon's
samples is without merit in light of the signi-
ficant detail provided by Carreon. Addition-
ally, Simpson's conclusory statement that the
presence of fecal coliform “possibly” indicates
contamination does not give rise to a genuine
issue of material fact as to the validity of these
samples. Id. ¶ 22. The only supporting evid-
ence on which Simpson relies is a similarly
conclusory statement from Kramer. See
Kramer Decl. ¶ 7. Simpson does not, for ex-
ample, explain why, based on Carreon's de-
tailed description of his sampling techniques,
those techniques were improper. More than
speculation is needed to raise a triable issue of
fact, and Simpson's conclusory statements are
insufficient to do so with respect to these
samples. See F.T.C. v. Publishing Clearing
House, 104 F.3d 1168, 1171 (9th Cir.1997)
(“A conclusory, self-serving affidavit, lacking
detailed facts and any supporting evidence, is
insufficient to create a genuine issue of materi-
al fact.”).

FN13. Baykeeper has objected to the
Simpson Declaration on the basis of
Federal Rule of Evidence 702 and Fed-
eral Rule of Civil Procedure 56(e). See
Pl.'s Objections to Evidence. Though
styled as an attack on Simpson's entire
declaration, Baykeeper's Rule 702 ob-
jection appears primarily to challenge
Simpson's “qualifi[cations] as an expert
by knowledge, skill, experience, train-
ing, or education” to opine on the relev-

ance or interpretation of EPA Bench-
marks and CTR. The Court does not
read Baykeeper's objection to bear on
Simpson's qualifications to testify the
propriety of certain samples or how to
sample, and does not read his depos-
ition testimony to be inconsistent with
his declaration on these points. Bay-
keeper does not argue, for instance, that
Simpson has not stated the factual basis
for his opinion. See Walton v. U.S.
Marshals Service, 492 F.3d 998, 1008
(9th Cir.2007) (In this circuit, “[e]xpert
opinion is admissible and may defeat
summary judgment if it appears the af-
fiant is competent to give an expert
opinion and the factual basis for the
opinion is stated in the affidavit, even
though the underlying factual details
and reasoning upon which the opinion
is based are not.” (internal quotation
marks omitted)).

FN14. Kramer filed objections to
Carreon's declaration on February 13,
2009. The objections the sampling
paragraphs assert lack of personal
knowledge in violation of Federal Rule
of Evidence 602. The Court overrules
these objections.

3. Kramer 1760
Kramer cannot dispute the information con-
tained in its annual reports or reports to the
MRMG. See Sierra Club, 813 F.2d at 1492.
The sampling data for that date indicates levels
above the CTR standards. Horner Decl. ¶¶
29-39. On April 20, 2007, Kramer Metals
conducted samples at outfalls 1 and 2. It is un-
disputed that both samples had concentrations
of copper, zinc, and lead significantly above
the CTR standards for these pollutants. Horner
Decl., Ex. C at 77; 40 C.F.R. 131.38(b).
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Result
Parameter Location (mg/L) CTR
Copper Outfall 1 1.45 0.013
Copper Outfall 2 1.54 0.013
Lead Outfall 1 0.786 0.065
Lead Outfall 2 1.05 0.065
Zinc Outfall 1 2.14 0.12
Zinc Outfall 2 2.27 0.12

*929 Samples taken by Baykeeper on February
11, 2007, February 22, 2007, April 20, 2007,
November 30, 2007, and January 6, 2008 also
indicated excesses of CTR standards for these
pollutants.

Because these numbers exceed the applicable
WQS, the Court finds that there was at least
one violation of Receiving Water Limitation
C(2) at Kramer 1760. See Horner Decl. ¶¶ 30,
32, 33, 35, 36, 38, 42. Kramer does not dispute
Dr. Horner's assertion that Kramer did not sub-
mit a report to the appropriate regional water
board, in compliance with Receiving Water

Limitation C(3). See id. at ¶ 29. Thus, that safe
harbor undisputably cannot apply.

4. Kramer 1000
Because Kramer did not take any samples at
the Kramer 1000 facility, Baykeeper relies
only on its own samples. These samples show
an excess of the WQS for that facility on cer-
tain occasions, most often for copper and zinc.
For example, the samples taken on November
30, 2007 show the following breakdown:

Result
Parameter Location (mg/L) CTR
Copper Outfall 1 0.3399 0.013
Copper Outfall 2 0.07684 0.013
Lead Outfall 1 0.01088 0.065
Lead Outfall 2 0.01323 0.065
Zinc Outfall 1 2.819 0.12
Zinc Outfall 2 0.04999 0.12

See Horner Decl., Ex. C at 78-79. On the
Court's reading of the data, it reflects excesses
of the WQS for these three pollutants on the

following dates:

Dates in
Parameter Location Excess of CTR
Copper Outfall 1 2/11/07, 11/30/07
Copper Outfall 2 2/11/07, 2/22/07, 4/20/07, 11/30/07, 1/6/08
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Lead Outfall 1 None
Lead Outfall 2 None
Zinc Outfall 1 2/11/07, 11/30/07
Zinc Outfall 2 2/11/07, 2/22/07

See id. at 71-81. Kramer does not dispute
Dr. Horner's assertion that Kramer did not sub-
mit a report to the appropriate regional water
board, in compliance with Receiving Water
Limitation C(3). Thus, that safe harbor undis-
putably cannot apply. The Court will defer rul-
ing on the number of violations until a later
time, such as in conjunction with appropriate
damages.

5. Summary
For the reasons stated above, the Court

holds that the CTR is an “applicable water
quality standard” under Receiving Water Lim-
itation C(2)'s prohibition on discharges that
“cause or contribute to an exceedance of any
applicable water quality standards.” Addition-
ally, the Court finds that there was at least one
violation of Receiving Water Limitation C(2)
at each facility.

E. Storm Water Pollution Prevention Plans
Baykeeper next argues that the facilities'

SWPPPs are inadequate in violation of the
General Permit. Section A of the General Per-
mit sets forth the requirements for site maps.
The SWPPP has “two major objectives: (a) to
identify and evaluate sources of pollutants”
and “(b) to identify and implement site-
specific best management practices (BMPs) to
reduce or prevent pollutants associated with
industrial activities in storm water discharges.”
Gen. Permit, § A(2). Although the SWPPP re-
quirements “are designed to be sufficiently
flexible to meet the needs of various facilit-
ies,” there are nevertheless mandatory com-
ponents. As relevant here, the SWPPP must in-
clude: (1) a Site Map, Gen. Permit § A(4); (2)
a description and assessment of potential pol-
lutant sources, id. §§ A(6)-(7); and (3) a nar-

rative description*930 of the BMPs to be im-
plemented at the facility for each potential pol-
lutant, id. § A(8). Additionally, the SWPPP
must be evaluated once a year to determine
whether revisions are appropriate. Id. § A(9).
Baykeeper challenges each facility's SWPPP in
four ways.

1. Kramer 1760
a. Identification, Description and Assessment

of Potential Pollutants and Their Sources
The SWPPP must include a narrative de-

scription of the facility's industrial activities,
which include storage areas, shipping and re-
ceiving areas, fueling areas, vehicle and equip-
ment storage and maintenance areas, material
handling and processing areas, waste treatment
and disposal areas, and dust or particulate gen-
erating areas. Id. §§ A(6)(a), A(4)(e). Addi-
tionally, it must include a narrative of potential
pollutant sources associated with those indus-
trial activities, and potential pollutants that
could be discharged. Id. § A(6)(a). The
SWPPP must also include a narrative assess-
ment of those industrial activities and pollutant
sources “to determine ... [w]hich areas of the
facility are likely sources of pollutants” and
“[w]hich pollutants are likely to be present in
sotrm water discharges.” Id. § A(7)(a).

Baykeeper argues that there is no genuine
issue of material fact that Kramer 1760's
SWPPP failed to satisfy these requirements.
Baykeeper first argues that the SWPPP's iden-
tification of potential pollutants is too general
to comply with the General Permit: rather than
listing specifics, the SWPPP's identification is
more general, citing “sediment, metals, and
oil” as potential pollutants. Cooper Decl., Ex.
A at 15-16. A number of parts of the General
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Permit suggest that it requires more detail than
that provided by the Kramer 1760 SWPPP.
First, the example in Table B suggests that
some specificity is required. Gen. Permit at
Table B, RJN Ex. A at 37. In that example, the
activity is listed as “fueling,” the pollutant
source as “spills and leaks during delivery,”
and the pollutant is “fuel oil.” Id. Rather than
listing “oils,” the example provides some spe-
cificity as to the type of oils. Additionally, the
provision explaining § A(6) repeatedly notes
that an SWPPP should describe the
“characteristics” of pollutants and pollutant
sources. See Gen. Permit, §§ A(6)(iii)
(“Describe ... the characteristics of dust and
particulate pollutants; the approximate quant-
ity of dust and particulate pollutants that may
be deposited within the facility boundaries
...”), A(6)(v) (“All non-storm water discharges
shall be described. This shall include the
source, quantity, frequency, and characteristics
of the non-storm water discharges[.]”). This
explanation suggests that the identification re-
quired by the General Permit should be relat-
ively specific. Moreover, the identification of
specifics is consistent with the purposes of the
SWPPP, as specific types of pollutants-includ-
ing specific types of particles or metals-may
require different BMPs or have different BAT/
BCT. Metals identified by the EPA as con-
cerns for scrap metal recycling facilities or, at
the very least, those that show up in Kramer's
own testing of the facility, would be appropri-
ate to list. Without a reasonably specific iden-
tification of potential pollutants, the identifica-
tion of BMPs may be rendered meaningless in
that it will be more difficult to assess whether
they are effective.

[6] Kramer appeals to practical concerns.
See Def.'s Statement at ¶ 234; Kramer Decl. ¶
4 (“Kramer Metals' operations, as a recycler
of various types of scrap metal, including both
ferrous and nonferrous metal, are necessarily
varied, as are the types, forms, and quantities

of the numerous metals we recycle. Accord-
ingly,*931 it would be impractical for Kramer
Metals to try to list specifically all those ma-
terials, as they constantly change on a daily,
and sometimes even hourly basis, as metal is
brought, processed, sold, and shipped.”). The
Court does not read Baykeeper's argument to
suggest that Kramer needed to list every single
type of metal or material that might be brought
into its facilities; rather, it suggests that the
General Permits simply requires some addi-
tional specifics, such as common pollutants as-
sociated with metals. The Court finds this
characterization of the SWPPP reasonable.
While Kramer cites practical concerns,
Kramer's explanation does not provide an ex-
planation of provisions in the General Permit
that suggest specific pollutants would not be
required. Because the Kramer 1760 SWPPP's
identifications included only general indica-
tions of the types of pollutants, they lacked the
specificity required to comply with the General
Permit.

Additionally, Kramer has shown that the
Kramer 1760 facility fails to adequately de-
scribe and assess scrap metal processing and
storage. As mentioned above, the General Per-
mit requires that the SWPPP “[d]escribe each
handling and storage area, type, characterist-
ics, and quantity of significant materials
handled or stored, description of the shipping,
receiving, and loading procedures, and the
spill or leak prevention and response proced-
ures.” Gen. Permit § A(6)(ii). The SWPPP's
description is entirely too general to satisfy
these requirements. See Cooper Decl., Ex. A at
13 (stating that the quantity of scrap varies),
15 (one-paragraph description of storage).

b. Incorporation of BMPs That Achieve BAT/
BCT

Next, Baykeeper argues that the SWPPP
fails to incorporate BMPs that comply with the
General Permit's requirement for SWPPPs. Ac-
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cording to the General Permit, an SWPPP must
include a description of the storm water BMPs
to implemented. Gen. Permit, § A(8). Those
BMPs “shall be developed and implemented to
reduce or prevent pollutants in storm water
discharges.” Id. The General Permit requires
that facility operators consider non-structural
and structural BMPs. According to § A(8)(a)
of the General Permit, “[n]on-structural BMPs
generally consist of processes, prohibitions,
procedures, schedule of activities, etc., that
prevent pollutants associated with industrial
activity from contacting with storm water dis-
charges.” The General Permit provides that
“[f]acility operators should consider all pos-
sible non-structural BMPs options before con-
sidering additional structural BMPs.” Id.
“Where non-structural BMPs ... are not effect-
ive, structural BMPs shall be considered.
Structural BMPs generally consist of structural
devices that reduce or prevent pollutants in
storm water discharges.” Id. at § A(8)(b). In
determining whether BMPs are effective, the
General Permit suggests that visual observa-
tions, inspections, and sampling results are all
relevant. Id. at § A(9).

[7] Baykeeper argues that the non-
structural BMPs have not been effective, and
that the SWPPP has not incorporated structural
BMPs as required in such a situation. Bay-
keeper's argument rests on the combination of
storm water samples, visual observations by its
investigators and in Kramer's reports, and a
site inspection form by the Los Angeles De-
partment of Public Works from June 2006. See
Cooper Decl., Ex. I at 169-180; Horner Decl.
¶¶ 29-42 & Ex. C.; Cooper Decl. Exs. F, M, P,
V; Carreon Decl. ¶ 10. As mentioned above,
the General Permit defines non-structural
BMPs as those that prevent pollutants from
coming into contact with *932 storm water.
Kramer has not presented evidence creating a
genuine issue of material fact as to whether its
non-structural BMPs meet this standard.

Where non-structural BMPs are ineffective,
i.e., do not prevent pollutants from coming in-
to contact with storm water, an SWPPP must
include structural BMPs. Gen. Permit, §
A(8)(b). Though Kramer disputes whether it
actually used structural BMPs or was imple-
menting BMPs that achieve BAT/BCT, it is
undisputed that the SWPPP itself does not in-
clude structural BMPs. Accordingly, the Court
finds that Kramer's SWPPP is in violation of §
A(8) of the General Permit.

c. Site Map
[8] Baykeeper also argues that the 1760

SWPPP violates the General Permit because it
does not include a Site Map as required by §
A(4). In Opposition, Kramer submitted what
appears to be a Site Map for the 1760 Facility.
See Booth Decl., Ex. G; Def.'s Genuine Issues
at ¶ 255. Baykeeper points out that Exhibit G
is unauthenticated. It appears to the Court that
Exhibit G is the only unauthenticated docu-
ment in the Booth Declaration. There is no
representation that the Site Map was included
with the SWPPP. Kramer has not submitted a
Notice of Errata. However, the Regional Board
Inspection Reports and Notices of Violation
repeatedly suggest that the SWPPP is com-
plete. See Cooper Decl., Ex. Q. Accordingly,
the Court finds that there are genuine issues of
material fact as to whether the 1760 SWPPP
included a Site Map.

d. Revisions to SWPPP
Finally, Baykeeper argues that Kramer has

failed to update the SWPPP to include ad-
equate BMPs at the Kramer facility, as re-
quired by §§ A(2) & A(9). It is undisputed that
there has been no revision to the SWPPP, but
Kramer argues that it was not required to up-
date. While the Court finds that there are genu-
ine issues of material fact as to whether the fa-
cility was using BMPs that achieve BAT/BCT
(i.e., whether it was actually using structural
BMPs), the Court has already found that the

Page 20
619 F.Supp.2d 914
(Cite as: 619 F.Supp.2d 914)

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.



non-structural BMPs were inadequate. Accord-
ingly, the Court finds that revisions to the
SWPPP were necessary.

e. Summary
In sum, the Court finds that summary judg-

ment is warranted on violations of §§ A(6),
A(8), and A(9) of the General Permit.

2. Kramer 1000
a. Identification, Description and Assessment

of Potential Pollutants and Their Sources
Like the Kramer 1760 SWPPP, the Kramer

1000 SWPPP fails to identify any specific pol-
lutants, aside from generally listing “sediment,
metals, and oil” and “metal particles.” See
Cooper Decl., Ex. B at 32, 34. Moreover, the
1000 SWPPP does not adequately describe the
various processing and storage procedures, as
required by § A(6)(ii). See Cooper Decl., Ex. B
at 29, 32; Carreon Decl. ¶¶ 46-47, Ex. V; Ford
Decl. ¶¶ 42-46. Accordingly, the Kramer 1000
SWPPP also violates the General Permit.

b. Incorporation of BMPs That Achieve BAT/
BCT

The Kramer 1000 SWPPP also does not in-
clude structural BMPs. Kramer has not presen-
ted evidence that creates a genuine issue of
material fact as to whether non-structural
BMPs prevented pollutants from coming into
contact with storm water. Again, while there
are genuine issues as to whether the BMPs ac-
tually used achieved BAT/BCT, the Court
finds summary judgment appropriate as to the
*933 Kramer 1000 SWPPP's compliance with
§ A(8).

c. Site Map
Baykeeper also argues that the Kramer

1000 Site Map failed to satisfy the require-
ments of the General Permit. The General Per-
mit requires that the Site Map include all areas
of industrial activity; locations where materials
are directly exposed to precipitation; and out-
line of all impervious areas of the facility; and

all areas subject to soil erosion. Gen. Permit §
A(4)(a)-(e). Baykeeper has presented evidence
showing that Kramer 1000 has large areas of
exposed soil and stores substantial scrap metal
and other materials without cover and directly
exposed to precipitation, neither of which is
reflected in the Site Map. See Cooper Decl.,
Ex. B at 30 (Site Map); Horner Decl. ¶¶ 44-46
& Ex. B at 56-61; Carreon Decl. ¶¶ 46-47 &
Ex. V at 245-49. Kramer has not presented
evidence showing a genuine issue of material
fact as to these issues. Accordingly, the Court
finds that the Site Map did not comply with the
SWPPP.

d. Revisions
For the reasons noted above with respect to

the 1760 facility, the Court finds that Kramer
did not revise its SWPPP as required by § A of
the General Permit.

e. Summary
In sum, the Court finds that summary judg-

ment is warranted for violations of §§ A(4),
A(6), A(8), and A(9) of the General Permit.

F. Monitoring and Reporting Plans
Section B of the General Permit sets out re-

quirements for monitoring and reporting storm
water. These monitoring and reporting require-
ments are aimed at (1) ensuring that storm wa-
ter discharges are in compliance with dis-
charge prohibitions, effluent limitations, and
receiving water limitations, and (2) assisting in
the evaluation and analysis of the BMPs. See
Gen. Permit, § B(2). By participating in the
MRMG, Kramer is subject to reduced monitor-
ing. Id. at § B(15). Members of the group mon-
itoring program must conduct storm water
sampling and analysis in compliance with the
following requirements: (1) they must be col-
lected from two storm events at each site dur-
ing the five-year cycle that occur during sched-
uled facility hours and that are preceded by at
least three working days without storm water
discharges; (2) the samples must be taken dur-
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ing the first hour of discharge; (3) at least one
sample must be collected from the first storm
event of a particular wet season (October 1
through May 30); (4) samples must be ana-
lyzed for specific contaminants; and (5)
samples must be analyzed for toxic chemicals
and other pollutants that are likely to be
present in storm water discharges in significant
quantities. Id. at §§ B(5)(a)-(b).

1. Kramer 1760
[9] It is undisputed that Kramer 1760 was

designated to collect storm water samples dur-
ing the 2003-2004, 2004-2005, 2005-2006, and
2006-2007, and that Kramer tested only once
during this period, on April 20, 2007. Bay-
keeper has presented evidence that there were
numerous qualifying events recorded in down-
town Los Angeles, during these four seasons.
See Cooper Decl., Ex. T.FN15 While issues of
fact may preclude summary judgment on many
*934 of these examples, at the very least,
Kramer's own annual reports establish that
there were two qualifying events in 2003-04.
While Kramer recorded visual observations, it
did not sample. See Cooper Decl., Ex. F at
107-108; see also Packard Decl., Ex. C at 44.
FN16 By failing to take two samples, Kramer
failed to comply with the requirements of the
General Permit. The Court finds that genuine
issues remain as to the other alleged violations
of this section.FN17

FN15. Baykeeper presents a list of
qualifying events drawn from data from
the National Climatic Data Center
Website, http:// www. ncdc. noaa. gov/
oa/ ncdc. html. Cooper Decl. ¶ 22.
Kramer objects to this evidence on the
basis that it is hearsay. See Def.'s Genu-
ine Issues ¶¶ 296-325. In response,
Baykeeper notes that “Kramer Metals
provides no basis for its objection as to
hearsay.” See, e.g., Baykeeper's Re-
statement of Uncontroverted Facts, at ¶

298. The Court notes that Baykeeper
has the burden of showing that its evid-
ence-proffered for the truth of the mat-
ter asserted, see Fed.R.Evid. 801-falls
into an exception to the hearsay rule.
Although it has not cited these rules
specifically, Baykeeper has essentially
argued that Federal Rules of Evidence
803(8) and 1006 provide for admission.
These Rules likely provide for admis-
sion. As discussed below, however, the
Court's holding ultimately does not rest
on this evidence.

FN16. Kramer objects to the documents
attached to the Packard Declaration on
the basis that they are “unauthenticated
and inadmissible.” See Opp. At 19-20.
But see Packard Decl. ¶ 4. As Kramer
cites no rules or law for his general
statement, the Court is unable to dis-
cern the exact nature of Kramer's objec-
tion.

FN17. Genuine issues of fact remain,
for example, as to whether a qualifying
event occurred at the Kramer facility.
While the Court does not consider
Simpson's general statement in depos-
ition sufficient to defeat summary judg-
ment that qualifying events occurred,
see Atherton Decl., Ex. A at 8:19-24,
Douglas Kramer stated that no such
events occurred under penalty of per-
jury. While the Court finds it unlikely
that a storm event would occur at USC
and not at Kramer 1760, it is not the
Court's role to weigh evidence on such
issues.

2. Kramer 1000
It is undisputed that Kramer was desig-

nated to collect stormwater samples at the
Kramer 1000 facility during the 2002-2003,
2003-2004, 2004-2005, and 2006-2007 wet
seasons. Def.'s Statement at ¶¶ 327, 330, 338,

Page 22
619 F.Supp.2d 914
(Cite as: 619 F.Supp.2d 914)

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.



355. It is also undisputed that Kramer conduc-
ted no samples for Kramer 1000. Id. at ¶¶ 329,
332, 339, 348. For the same reasons as with
Kramer 1760, the Court grants summary judg-
ment as to the failure to conduct two samples.
See Cooper Decl., Ex. M at 259-60 & Ex. P at
320. For the same reasons as with Kramer
1760, the Court denies summary judgment as
to any other violations of this subsection.

G. Annual Reports
Finally, Baykeeper moves for summary

judgment on the basis that Kramer failed to
self-report any noncompliance, in violation of
§ A(9) of the General Permit. As this argument
appears primarily to rely on the adequacy of
Kramer's BMPs, see Reply at 21-23, the Court
finds summary judgment inappropriate on this
ground.

III. RULE 56(f) REQUEST
Although Kramer has defended Baykeep-

er's Motion for Summary Judgement, it has
also filed a request pursuant to Federal Rule of
Civil Procedure 56(f) for a continuance of this
motion. While Kramer presents this request as
an alternative for the court “if the Court is not
inclined to deny the motion based on the ma-
terials before it now.” Opp. at 23-24.

[10][11][12] Rule 56(f) provides that if a
party opposing a motion for summary judg-
ment “shows by affidavit that, for specified
reasons, it cannot present facts essential to jus-
tify its opposition, the court may: (1) deny the
motion; (2) order a continuance to enable affi-
davits to be obtained, depositions to be taken,
or other discovery to be undertaken; or (3) is-
sue any other just order.” Fed.R.Civ.P. 56(f).
“A party requesting a continuance pursuant to
Rule 56(f) must identify by affidavit the spe-
cific facts that further discovery *935 would
reveal, and explain why those facts would pre-
clude summary judgment.” Tatum v. City and
County of San Francisco, 441 F.3d 1090, 1100
(9th Cir.2006). A district court is within its

discretion to deny a Rule 56(f) request “if the
movant has failed diligently to pursue discov-
ery in the past.” Chance v. Pac-Tel Teletrac,
Inc., 242 F.3d 1151, 1161 n. 6 (9th Cir.2001)
(quoting Nidds v. Schindler Elevator Corp.,
113 F.3d 912, 920 (9th Cir.1996)) (internal
quotation marks omitted). That said, “a district
court should continue a summary judgment
motion upon a good faith showing by affidavit
that the continuance is needed to obtain facts
essential to preclude summary judgment.”
California v. Campbell, 138 F.3d 772, 779 (9th
Cir.1998).

Supported by an affidavit from counsel for
Kramer, Kramer makes its Rule 56(f) request
on two grounds. First, Kramer asserts that it
did not know that Baykeeper would be relying
on the water samples it collected in this Mo-
tion for Summary Judgment. Second, Kramer
asserts that it was not aware Baykeeper would
be using Dr. Horner as an expert witness and
has not had the opportunity to cross-examine
him.

Discovery is not yet closed in this case.
According to the current scheduling order,
stipulated by the parties, Fact Discovery Cut
Off is March 3, 2009. See Order Re Stipulation
Setting Pretrial and Trial Schedule, Docket No.
26, at 2. Expert disclosures and reports are due
March 17, 2009, rebuttal expert reports are due
April 21, 2009, and expert discovery cut-off is
April 28, 2009. Id. The last day to hand-serve
Motions is March 24, 2009, and the Motion
cut-off is April 14, 2009. Id.

[13] To the extent Kramer's Rule 56(f) mo-
tion rests on Baykeeper's use of its own
samples, Kramer's request lacks merit. Accord-
ing to Baykeeper's counsel, although it has
been over a year and a half since Baykeeper
filed this case, Kramer has conducted no dis-
covery. Cooper Reply Decl. ¶ 9. In Baykeep-
er's Rule 26(a) Initial Disclosures, dated Janu-
ary 29, 2008, Baykeeper specifically disclosed
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data reports relating to storm water sampling it
conducted at Kramer's facilities on February
11, 2007, February 22, 2007, and November
30, 2007. Cooper Reply Decl., Ex. D at 62.
Likewise, Tom Ford, Carlos Carreon, Meredith
McCarthy, and Jose Couce have been desig-
nated as witnesses since those initial disclos-
ures. Id. at 64. Kramer's suggestion that it did
not expect Baykeeper to rely on this informa-
tion because of a conversation in which
Kramer's counsel criticized Baykeeper's
samples, see Booth Aff. ¶¶ 3-4, does not justi-
fy continuance. See Chance, 242 F.3d at 1161
n. 6.

Kramer's challenge as to Dr. Horner are
also unavailing. As mentioned above, under
the current Scheduling Order, stipulated by the
parties, expert reports and disclosures are not
due until March 17, 2009, rebuttal expert re-
ports are due April 21, 2009, and expert dis-
covery cut-off is April 28, 2009. The last day
to hand-serve Motions is March 24, 2009, and
the Motion cut off is April 14, 2009. Baykeep-
er notes that its consultant conducted a noticed
site inspection at both Kramer facilities with
Dr. Horner for the purposes of settlement as
early as October 2007. Because Dr. Horner has
been in the case since late 2007, Kramer has
had ample time to take his deposition. Addi-
tionally, Kramer's insistence that it has not had
a chance to cross-examine Dr. Horner, though
perhaps relevant, is unconvincing here. The
dates provided by the parties' own stipulated
scheduling order suggest that the parties did
not necessarily contemplate pre-Summary
Judgment depositions of experts. More import-
antly, however, Kramer has failed to point to
specific facts that may be *936 provided in
such a deposition that would undermine sum-
mary judgment here.

This is not a case where discovery has just
begun or the moving party has sprung new in-
formation on the defendant at the last minute.

Although Kramer is correct that discovery has
not yet been completed, the Court finds its ex-
planations insufficient in the context of this
case. Thus, the Court denies the Rule 56(f) re-
quest.

IV. CONCLUSION
For the foregoing reasons, the Court grants

in part and denies in part Baykeeper's Motion
for Partial Summary Judgment.

IT IS SO ORDERED.

C.D.Cal.,2009.
Santa Monica Baykeeper v. Kramer Metals,
Inc.
619 F.Supp.2d 914

END OF DOCUMENT
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United States District Court,
C.D. California.

SANTA MONICA BAYKEEPER, a non-
profit corporation, Plaintiff,

v.
INTERNATIONAL METALS EKCO, LIM-

ITED, a corporation, Defendant.

No. CV 07-03856 DDP (FMOx).
Feb. 27, 2009.

Background: Non-profit public benefit cor-
poration brought action against owner and op-
erator of scrap metal recycling and processing
facility, alleging discharge of contaminated
storm water and failure to comply with re-
quirements of California's General Industrial
Permit, in violation of Clean Water Act. Non-
profit corporation moved for partial summary
judgment.

Holdings: The District Court, Dean D. Preger-
son, J., held that:
(1) issues of fact regarding violation of Cali-
fornia's General Industrial Permit precluded
summary judgment;
(2) discharge from facility violated California's
General Industrial Permit;
(3) issues of fact regarding site map compli-
ance precluded summary judgment on Clean
Water Act claims; and
(4) continuance of summary judgment pro-
ceedings for additional discovery was not war-
ranted.

Motion granted in part and denied in part.

West Headnotes

[1] Environmental Law 149E 196

149E Environmental Law
149EV Water Pollution

149Ek194 Permits and Certifications
149Ek196 k. Discharge of Pollutants.

Most Cited Cases

Under the Clean Water Act, a National Pol-
lutant Discharge Elimination System (NPDES)
permit serves to transform generally applicable
effluent limits and other standards into the ob-
ligations of the individual discharger. Clean
Water Act, §§ 301, 402, 33 U.S.C.A. §§
1311(a), 1342.

[2] Environmental Law 149E 206

149E Environmental Law
149EV Water Pollution

149Ek204 Compliance and Enforcement
149Ek206 k. Violations and Liability

in General. Most Cited Cases

The Clean Water Act imposes strict liabil-
ity for National Pollutant Discharge Elimina-
tion System (NPDES) violations. Clean Water
Act, §§ 301(a), 505(a)(1), 402, 33 U.S.C.A. §§
1311(a), 1365(a)(1), 1342.

[3] Federal Civil Procedure 170A 2498.3

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)2 Particular Cases

170Ak2498.3 k. Environmental
Law, Cases Involving. Most Cited Cases

Genuine issue of material fact existed re-
garding whether scrap metal recycling and pro-
cessing facility's Storm Water Pollution Pre-
vention Plan (SWPPP) included best manage-
ment practices that achieved best available
technology economically achievable for toxic
and non-conventional pollutants and best con-
ventional pollutant control technology for con-
ventional pollutants, and thus violated limita-
tion in California's General Industrial Permit,
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precluding summary judgment on non-profit
corporation's Clean Water Act claims against
facility owner. Clean Water Act, § 402(p), 33
U.S.C.A. § 1342(p); 40 C.F.R. §§ 122.26(c),
122.28, 123.25.

[4] Environmental Law 149E 206

149E Environmental Law
149EV Water Pollution

149Ek204 Compliance and Enforcement
149Ek206 k. Violations and Liability

in General. Most Cited Cases

Discharge from scrap metal recycling and
processing facility was in excess of water qual-
ity standards in California Toxics Rule, and
thus violated Receiving Water Limitation of
California's General Industrial Permit; non-
profit corporation's samples and facility's own
samples had concentrations of copper, zinc,
and lead significantly above standards for
those pollutants. Federal Water Pollution Con-
trol Act, § 303, 33 U.S.C.A. § 1313; 40 C.F.R.
131.38.

[5] Environmental Law 149E 206

149E Environmental Law
149EV Water Pollution

149Ek204 Compliance and Enforcement
149Ek206 k. Violations and Liability

in General. Most Cited Cases

Scrap metal recycling and processing facil-
ity's Storm Water Pollution Prevention Plans
(SWPPP) violated California's General Indus-
trial Permit, as required for non-profit corpora-
tion's Clean Water Act claim against facility
owner; facility's nonstructural best manage-
ment practices were not fully effective, and
SWPPP failed to include structural best man-
agement practices. Clean Water Act, § 402(p),
33 U.S.C.A. § 1342(p), 40 C.F.R. §§
122.26(c), 122.28, 123.25.

[6] Federal Civil Procedure 170A 2498.3

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)2 Particular Cases

170Ak2498.3 k. Environmental
Law, Cases Involving. Most Cited Cases

Genuine issue of material fact existed re-
garding whether scrap metal recycling and pro-
cessing facility's site map complied with re-
quirements of California's General Industrial
Permit, precluding summary judgment on non-
profit corporation's Clean Water Act claims
against facility owner. Clean Water Act, §
402(p), 33 U.S.C.A. § 1342(p); 40 C.F.R. §§
122.26(c), 122.28, 123.25.

[7] Environmental Law 149E 196

149E Environmental Law
149EV Water Pollution

149Ek194 Permits and Certifications
149Ek196 k. Discharge of Pollutants.

Most Cited Cases

Scrap metal recycling and processing facil-
ity, whose storm water discharges were regu-
lated by California's General Industrial Permit,
including a technology-based requirement, was
required to revise Storm Water Pollution Pre-
vention Plan (SWPPP), which facility imple-
mented to comply with technology-based re-
quirement, to include adequate best manage-
ment practices; non-structural best manage-
ment practices were inadequate under General
Permit. Clean Water Act, § 402(p), 33
U.S.C.A. § 1342(p); 40 C.F.R. §§ 122.26(c),
122.28, 123.25.

[8] Federal Civil Procedure 170A 2498.3

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)2 Particular Cases

170Ak2498.3 k. Environmental
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Law, Cases Involving. Most Cited Cases

Genuine issue of material fact existed re-
garding whether qualifying events under Cali-
fornia's General Industrial Permit took place at
scrap metal recycling and processing facility,
precluding summary judgment on non-profit
corporation's Clean Water Act claims against
facility owner. Clean Water Act, § 402(p), 33
U.S.C.A. § 1342(p); 40 C.F.R. §§ 122.26(c),
122.28, 123.25.

[9] Federal Civil Procedure 170A 2553

170A Federal Civil Procedure
170AXVII Judgment

170AXVII(C) Summary Judgment
170AXVII(C)3 Proceedings

170Ak2547 Hearing and Determ-
ination

170Ak2553 k. Time for Con-
sideration of Motion. Most Cited Cases

Continuance of summary judgment pro-
ceedings for additional discovery was not war-
ranted in non-profit corporation's action
against owner of scrap metal recycling and
processing facility under Clean Water Act,
based on facility owner's claims that it did not
know that non-profit corporation would be re-
lying on water samples it collected in motion
for summary judgment and that it was not
aware non-profit corporation would be using
expert witness and had not had opportunity to
cross-examine him; non-profit corporation spe-
cifically disclosed data reports relating to
storm water sampling conduct at facilities and
designated witnesses, and facility owner failed
to point to specific facts that could be provided
in deposition that would undermine summary
judgment. Fed.Rules Civ.Proc.Rule 56(f), 28
U.S.C.A.; Clean Water Act, § 402(p), 33
U.S.C.A. § 1342(p).

*938 Andrew L. Packard, Michael P. Lynes,
Andrew L. Packard Law Offices, Petaluma,

CA, Daniel G. Cooper, Layne K. Friedrich,
Martin D. McCarthy, Lawyers for Clean Wa-
ter, Inc., San Francisco, CA, for Plaintiff.

Emily Julia Atherton, Jason M. Booth, Richard
A. Dongell, Dongell Lawrence Finney, Los
Angeles, CA, for Defendant.

ORDER GRANTING IN PART AND
DENYING IN PART PLAINTIFF'S MO-

TION FOR PARTIAL SUMMARY JUDG-
MENT

[Motion filed on December 19, 2008]
DEAN D. PREGERSON, District Judge.

Santa Monica Baykeeper (“Baykeeper”)
brings this action to enforce alleged violations
of the Clean Water Act. Defendant Internation-
al Metals Ekco Limited (“Ekco”) owns and
operates a scrap metal facility in Los Angeles.
Baykeeper moves for Partial Summary Judg-
ment, seeking a finding of liability for a total
of 17,183 violations and days of violation
against Kramer. After reviewing the materials
submitted by the parties and hearing oral argu-
ment, the Court grants in part and denies in
part the Motion for Partial Summary Judg-
ment.

I. FACTUAL AND PROCEDURAL BACK-
GROUND

Ekco is the current and/or former owner
and operator of the scrap metal recycling facil-
ity in Los Angeles that is the subject of this
lawsuit (“Ekco facility”). The Ekco facility is
located at Perrino Place and 2777 East Wash-
ington Boulevard. Def.'s Statement of Genuine
Issues (“Def.'s SGI”) at ¶ 1. Ekco's operations
include scrap metal recycling and processing.
Id. at ¶ 4. It is undisputed that Ekco is a scrap
metal recycling facility classified as Standard
Industrial Classification (“SIC”) Code 5093.
Id. at ¶ 2.

The Ekco facility covers approximately
138,000 square feet. Packard Decl., Ex. G
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(Ekco's SWPPP) at 115. The yard includes an
office, scale, and operations buildings and
equipment. Id. at 117. At the facility, Ekco
collects, handles, sorts, processes, transports,
and stores ferrous and non-ferrous scrap. Id. at
115. Other activities include vehicle fueling,
maintenance, and repair work. Def.'s SGI at ¶
5; Packard Decl., Ex. G at 118. Processing and
storage occur partially indoors and partially
outdoors. Def.'s SGI at ¶¶ 6-7. Quantities of
scrap metal are stored in piles and open bins.
Horner Decl. ¶ 45 & Ex. B at 57-71. Potential
pollutant sources identified by Ekco include
ferrous and nonferrous scrap storage, particles
on pavement, maintenance of equipment, un-
wanted incoming materials, scrap processing,
soil erosion and tracking, and fueling equip-
ment. Packard Decl., Ex. G at 120.

Storm water falling on or flowing across
the Ekco facility flows down four different
driveways to storm drains located on East
Washington Boulevard. Def.'s SGI at ¶ 8.
Storm water flows untreated from Ekco's facil-
ities into storm drains. It is undisputed that
storm water discharged from the Ekco facility
is regulated by California's Industrial Storm
Water Permit (“General Permit”). Pl.'s Request
for Judicial Notice (“RJN”), Ex. A (General
Permit No. CAS000001, “Waste Discharge
Requirements for Discharges of Storm Water
Associated with Industrial Activities Exclud-
ing Construction Activities,” Water Quality
Order No. 97-03-DWQ); Def.'s SGI at ¶ 3.

*939 A. Procedural History
Baykeeper, a non-profit public benefit cor-

poration organized under California state law,
seeks to protect and enhance Los Angeles area
waters for the benefit of ecosystems, for the
use and enjoyment of its members, and for the
public at large. Ford Decl. ¶¶ 4-5. After con-
ducting its own investigation of the Ekco facil-
ity, Baykeeper concluded that the Ekco facility
was operating in violation of the General Per-

mit and the Clean Water Act. Baykeeper
mailed statutorily required notice of intent to
sue on March 10, 2007. On June 13, 2007,
Baykeeper filed this suit. Baykeeper's Com-
plaint alleges three Causes of Action for dis-
charges of contaminated storm water and fail-
ure to comply with the requirements of Cali-
fornia's General Industrial Permit, in violation
of the Clean Water Act. Baykeeper filed this
Motion for Partial Summary Judgment on
December 19, 2008.

II. BAYKEEPER'S MOTION FOR SUM-
MARY JUDGMENT

Baykeeper moves for a finding that the
Ekco facility violated the Clean Water Act in
five ways. At bottom, Ekco's opposition to
summary judgment takes two approaches.
First, Ekco argues that certain EPA-
promulgated standards do not have the legal
impact Baykeeper accords them. Second, and
more broadly, Ekco argues that genuine issues
of material fact pervade this suit and make
summary judgment inappropriate on all
grounds.FN1

FN1. Although Ekco lists some of these
genuine issues in its Opposition, it
makes this argument primarily by
pointing to its Statement of Genuine Is-
sues of Material Fact and the declara-
tions supporting the Opposition. Opp.
at 16:25-17:4.

A. Legal Standard for Summary Judgment
Summary judgment is appropriate where

“the pleadings, the discovery and disclosure
materials on file, and any affidavits show that
there is no genuine issue as to any material fact
and that the movant is entitled to a judgment as
a matter of law.” Fed.R.Civ.P. 56(c). A genu-
ine issue exists if “the evidence is such that a
reasonable jury could return a verdict for the
nonmoving party”; and material facts are those
“that might affect the outcome of the suit un-
der the governing law.” Anderson, 477 U.S. at

Page 4
619 F.Supp.2d 936
(Cite as: 619 F.Supp.2d 936)

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.



248, 106 S.Ct. 2505.

“As the party with the burden of persuasion
at trial, [Baykeeper] must establish beyond
controversy every essential element of its”
Clean Water Act claim. So. Cal. Gas Co. v.
City of Santa Ana, 336 F.3d 885, 888 (9th
Cir.2003)(citing William W. Schwarzer, et al.,
California Practice Guide: Federal Civil Pro-
cedure Before Trial § 14:124-127 (2001)). All
reasonable inferences from the evidence must
be drawn in favor of Ekco. Anderson v. Liberty
Lobby, Inc., 477 U.S. 242, 255, 106 S.Ct.
2505, 91 L.Ed.2d 202 (1986). Ekco can defeat
summary judgment “by demonstrating the
evidence, taken as a whole, could lead a ra-
tional trier of fact to find in its favor.” So. Cal.
Gas Co., 336 F.3d at 888. As the party oppos-
ing summary judgment, Ekco must come for-
ward with specific facts, supported by admiss-
ible evidence, showing a genuine issue for tri-
al. Fed.R.Civ.P. 56(e); Brinson v. Linda Rose
Joint Venture, 53 F.3d 1044, 1049 (9th
Cir.1995).

B. Legal Framework: The Clean Water Act
and California's General Permit

1. The Clean Water Act and Permit System

[1] The objective of the Clean Water Act is
to restore and maintain the “chemical,*940
physical and biological integrity of [the] Na-
tion's waters.” 33 U.S.C. § 1251(a). In accord-
ance with that objective, § 301(a) of the Clean
Water Act makes unlawful “the discharge of
any pollutant by any person,” FN2 unless in
compliance with a permit issued under the Na-
tional Pollutant Discharge Elimination System
(“NPDES”). 33 U.S.C. §§ 1311(a), 1342; En-
vtl. Prot. Agency v. California ex rel. State
Water Resources Control Board, 426 U.S. 200,
205, 96 S.Ct. 2022, 48 L.Ed.2d 578 (1976).
“An NPDES permit serves to transform gener-
ally applicable effluent limits and other stand-
ards ... into the obligations.. of the individual

discharger.” State Water Resources Control
Board, 426 U.S. at 205, 96 S.Ct. 2022. Non-
compliance with a permit constitutes a viola-
tion of the Clean Water Act. 40 C.F.R. §
122.41. Authority to issue permits under the
NPDES is vested in the Administrator of the
Environmental Protection Agency, but that au-
thority may be delegated to states. 33 U.S.C. §
1342(b); Hawaii's Thousand Friends v. City
and County of Honolulu, 821 F.Supp. 1368
(D.Haw.1993). The State of California has
been granted permitting authority.

FN2. As a corporation, Ekco is a
“person” under the Clean Water Act. 33
U.S.C. § 1362(5).

[2] The Clean Water Act authorizes citizen
suits “against any person ... who is alleged to
be in violation of ... an effluent standard or
limitation under this chapter.” FN3 33 U.S.C.
§ 1365(a)(1). The Act imposes strict liability
for NPDES violations. See Hawaii's Thousand
Friends, 821 F.Supp. at 1392 (noting that be-
cause the Clean Water Act imposes strict liab-
ility, issues of fault do “not absolve the violat-
or from penalties, although [a lack of fault]
might mitigate the amount of the penalties as-
sessed”). Accordingly, to establish a violation
of the Act, Baykeeper need only prove that
Ekco violated the terms and conditions of its
NPDES permit. Id.

FN3. For the purposes of § 1365, the
term “effluent standard or limitation
under this chapter” includes an unlaw-
ful act under § 1311(a), i.e., the dis-
charge of a pollutant in violation of the
General Permit. 33 U.S.C. § 1365(f);
see id. §§ 1311(a), 1342(p).

2. California's General Storm Water Permit
Section 402(p) of the Clean Water Act, 33

U.S.C. § 1342(p), establishes a framework for
regulating pollutants associated with industrial
activity. Pursuant to EPA regulations, author-
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ized states may issue general permits or indi-
vidual permits to regulate storm water dis-
charges. See 40 C.F.R. §§ 122.26(c), 122.28,
123.25; see also 60 Fed.Reg. 50804-01. Cali-
fornia has issued a General Permit that applies
to all storm water discharges requiring a per-
mit except construction activity.FN4 RJN, Ex.
A. The parties agree that the General Permit
governs Ekco's facilities.

FN4. The General Permit was issued in
1991, modified in 1992, and reissued in
1997.

The General Permit implements the re-
quirements of the Clean Water Act through
both technology-based provisions and water
quality-based standards. As relevant here, the
General Permit sets out four basic require-
ments for permittees: (1) effluent limitations,
(2) receiving water limitations, (3) the imple-
mentation of a Storm Water Pollution Prevent
Plan, and (4) the development of a Monitoring
and Reporting Program.

First, the General Permit sets effluent lim-
itations. There are three basic effluent limita-
tions. Where the EPA has set effluent limita-
tion guidelines for an industry, storm water
discharges may not exceed the specific
guidelines. Gen. Permit, Effluent Limitation
B(1) (RJN, Ex. A at 22-*941 23). Addition-
ally, storm water discharges shall not contain a
hazardous substance equal to or in excess of a
reportable quantity listed in 40 C.F.R. Part 117
and/or 40 C.F.R. Part 302. Gen. Permit, Efflu-
ent Limitation B(2) (RJN, Ex. A at 23).
Neither of these first two limitations is at issue
here: the EPA has not established specific
guidelines for scrap metal recycling facilities
and Baykeeper does not argue that Ekco's
storm water discharges were in excess of a re-
portable quantity. Finally, the General Permit
includes a technology-based requirement. It re-
quires that facility operators “reduce or pre-
vent pollutants associated with industrial activ-

ity” through (1) the implementation of the best
available technology economically achievable
(“BAT”) for toxic and non-conventional pol-
lutants and (2) the best conventional pollutant
control technology (“BCT”) for conventional
pollutants. Gen. Permit, Effluent Limitation
B(3) (RJN, Ex. A at 23). A facility operator
can comply with this requirement by develop-
ing and implementing a Storm Water Pollution
Prevention Plan (“SWPPP”) that (1) complies
with the requirements in § A of the General
Permit and (2) includes best management prac-
tices (“BMPs”) FN5 that achieve BAT/BCT.
Id.

FN5. BMPs are

schedules of activities, prohibitions of
practices, maintenance procedures,
and other management practices to
prevent or reduce the pollution of
“waters of the United States.” BMPs
also include treatment requirements,
operating procedures, and practices to
control plant site runoff, spillage or
leaks, sludge or waste disposal, or
drainage from raw material storage.

40 C.F.R. § 122.2. BMPs can be
structural or non-structural.

Second, the General Permit prohibits the
discharge of water that causes or contributes to
an exceedance of any applicable water quality
standards contained in a Statewide Water
Quality Control Plan or the applicable Region-
al Water Board's Basin Plan. Gen. Permit, Re-
ceiving Water Limitation C(2) (RJN, Ex. A at
23). The EPA has promulgated statewide water
quality standards for toxic pollutants in Cali-
fornia through the California Toxics Rule, 40
C.F.R. 131.38 (2005) (“CTR”). The CTR sets
out a numeric schedule for toxic pollutants.
FN6 A facility operator will not be in violation
of limitation C(2) if (1) the facility operator
has implemented BMPs that achieve BAT/
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BCT and (2) the facility operator appropriately
submits a report the describes the current
BMPs and revisions to those BMPs and the
SWPPP. Gen. Permit, Receiving Water Limit-
ation C(3)-(4) (RJN, Ex. A at 23-24).

FN6. As discussed below, the parties
dispute the applicability and impact of
the CTR.

Third, the General Permit requires that per-
mittees develop and implement a Storm Water
Pollution Prevention Plan that meets certain
requirements. Gen. Permit, § A (RJN, Ex. A at
30). The SWPPP has two major objectives: (1)
to identify and evaluate sources of pollutants
and (2) to identify and implement site-specific
BMPS to reduce or prevent pollutants associ-
ated with industrial activities in storm water
discharges. Gen. Permit, § A(2) (RJN, Ex. A at
30-31). Section A of the General Permit cata-
logues with significant detail what an SWPPP
must contain to comply with the General Per-
mit. A SWPPP must contain a compliance
activity schedule, a description of industrial
activities and pollutant sources, a description
of BMPs, drawings, maps (including a site
map), and relevant copies or references of
parts of other plans. Id. A permittee must eval-
uate and update the SWPPP with additional
BMPs necessary to achieve compliance with
the General Permit. See Gen. Permit,*942 Re-
ceiving Water Limitation C(3)-(4), §§ A(2) &
A(9).

Fourth, the General Permit requires a per-
mittee to develop a Monitoring and Reporting
Program (“MRP”). Gen. Permit, § B. As part
of the MRP, a permittee must conduct visual
observations of storm water throughout the
Wet Season; must collect water samples at
each outfall during specific times; must ana-
lyze these samples for specific contaminants;
and must file Annual Reports with the Region-
al Board summarizing the visual observations,
results of sampling analysis, and General Per-

mit compliance. Gen. Permit, §§ B(3)-(5),
B(14). Where permittees participate in group
monitoring programs, reduced monitoring re-
quirements apply. Gen. Permit, § B(15). Be-
cause Ekco participates in the Metals Re-
cyclers Monitoring Group (“MRMG”), Ekco
must sample from at least two storm events
over the five-year period of the General Per-
mit. Id. § B(15)(b).

C. Effluent Limitation B(3) of the General Per-
mit

[3] Baykeeper first argues that there is no
genuine issue of material fact that the Ekco fa-
cility violated Effluent Limitation B(3) of the
General Permit. In order to comply with Efflu-
ent Limitation B(3), a facility's SWPPP must
include BMPs that achieve BAT/BCT. Gen.
Permit, Effluent Limitation B(3). Baykeeper
cites to the Benchmark Levels set out in the
EPA Multi-Sector Permit and argues that these
“provide an objective standard to determine if
a permittee's BAT/BCT has been implemen-
ted.” Pl.'s Mem. at 8. Because samples collec-
ted at both the Ekco facility showed pollutants
in excess of these Benchmarks, Baykeeper ar-
gues, the facility was in violation of the Gener-
al Permit. Ekco argues that the use of the EPA
Benchmarks is inappropriate and that there are
genuine issues of material fact regarding the
samples on which Baykeeper relies.

Because Baykeeper's first basis for sum-
mary judgment relies on the Court importing
the EPA Benchmarks as objective measures,
the Court begins by addressing the propriety of
relying on those standards. The Court finds
that the EPA Benchmarks are appropriate to
use as objective guidelines in assessing wheth-
er Ekco has implemented BMPs that achieve
BAT/BCT, but that they are only one part of
such an analysis. Accordingly, as discussed be-
low, the Court denies summary judgment on
this ground.

1. The EPA's Authority and Actions
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As relevant here, the Clean Water Act re-
quires that the EPA issue certain types of
guidelines, and also gives the EPA consider-
able discretion in how to do so.

a. Authority to Set Effluent Limitations and
Authority to Issue Permits

First, the Clean Water Act directs the EPA
to set effluent limitations for certain pollutants
on a national level. 33 U.S.C. § 1311(b)(2)(A).
An effluent limitation is a “restriction imposed
by the Director on quantities, discharge rates,
and concentrations of ‘pollutants' which are
‘discharged’ from ‘point sources' into ‘waters
of the United States,’ the waters of the
‘contiguous zone,’ or the ocean.” 40 C.F.R. §
122.2. Effluent limitations can be numeric or
technological. When the EPA sets numeric ef-
fluent limitations, the Clean Water Act re-
quires that they reflect the application of the
best available technology economically
achievable. 33 U.S.C. § 1311(b)(2)(A). The
EPA must identify the degree of effluent re-
duction attainable through the application of
the best control measures and practices achiev-
able. 33 U.S.C. § 1342(b)(2). The BAT should
include*943 treatment, process and procedure
innovations, and operating methods. Id. In as-
sessing BAT, the EPA is required to consider
factors that include but are not limited to the
age of equipment and facilities involved, pro-
cess employed, engineering aspects, process
changes, the cost of achieving such effluent re-
duction, and non-water quality environmental
impact of technology, such as energy use. Id.
For some industries, the EPA has promulgated
regulations, including numeric effluent limits
for storm water discharges, that apply on a na-
tional level. See 40 C.F.R., Subchapter N.
Scrap recycling facilities are not among those
industries regulated by Subchapter N.

Additionally, as mentioned above, § 402(p)
of the Clean Water Act, 33 U.S.C. § 1342(p),
grants the EPA the authority to issue permits

regulating pollutants and discharges, as well as
the discretion to delegate its permitting author-
ity to approved states. Unless the EPA chooses
to regulate on a national level, an authorized
state's permit will govern storm water dis-
charges in that state.

b. The EPA's Multi-State General Permit
(“MSGP”)

Pursuant to its permitting authority under §
1342(p), the EPA has promulgated the Multi-
Sector General Permit for Stormwater Dis-
charges Associated with Industrial Activity
(“MSGP”). See Final National Pollutant Dis-
charge Elimination System Storm Water
Multi-Sector General Permit for Industrial
Activities, 60 Fed.Reg. 50804 (September 29,
2005); Final Reissuance of National Pollutant
Discharge Elimination System (NPDES) Storm
Water Multi-Sector General Permit for Indus-
trial Activities, 65 Fed.Reg. 64746-01
(October 30, 2000); Final National Pollutant
Discharge Elimination System (NPDES) Gen-
eral Permit for Stormwater Discharges From
Industrial Activities, 73 Fed.Reg. 56572-01
(September 29, 2008) (referring to http://
cfpub. epa. gov/ npdes/ stormwater/ msgp. cfm
for the text of the 2008 MSGP). The MSGP
only applies to non-delegated States; it there-
fore does not apply to California industrial fa-
cilities, except for those located on Indian
lands. FN7

FN7. See 2000 MSGP, 65 Fed.Reg. at
64803; 2008 MSGP, Appendix C, C-4,
available at http:// cfpub. epa. gov/ np-
des/ stormwater/ msgp. cfm.

Overall, the MSGP sets out specific stand-
ards, requirements for an SWPPP, and require-
ments for monitoring and reporting. Among its
other provisions, the MSGP sets out bench-
mark levels for certain pollutants to use as a
guideline in analyzing facilities' compliance
with the Clean Water Act, and directs facilities
to conduct monitoring on the basis of those
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benchmark levels. 1995 MSGP, 60 Fed.Reg. at
50824-25; 2000 MSGP, 65 Fed.Reg. at
64836-39; 2008 MSGP at 102.

As set forth in the MSGP, Benchmark
levels are distinct from the effluent limitations
described above. According to the various ver-
sions of the MSGP, benchmarks

are the pollutant concentrations above which
EPA determined represent a level of concern.
The level of concern is a concentration at
which a storm water discharge could poten-
tially impair, or contribute to impairing, wa-
ter quality or affect human health from in-
gestion of water or fish. The benchmarks are
also viewed as a level that, if below, a facil-
ity presents little potential for water quality
concern. As such, the benchmarks also
provide an appropriate level to determine
whether a facility's storm water pollution
prevention measures are successfully imple-
mented. The benchmark concentrations are
not effluent limitations and should not be in-
terpreted or *944 adopted as such. These val-
ues are merely levels which EPA has used to
determine if a storm water discharge from
any given facility merits further monitoring
to ensure that the facility has been successful
in implementing a SWPPP.

2000 MSGP, 65 Fed.Reg. at 64766-67; see
id. at 64816 (“The results of benchmark monit-
oring are primarily for your use to determine
the overall effectiveness of your SWPPP in
controlling the discharge of pollutants to re-
ceiving waters. Benchmark values, included in
Part 6 of this permit, are not viewed as effluent
limitations. An exceedance of a benchmark
value does not, in and of itself, constitute a vi-
olation of this permit. While exceedance of a
benchmark value does not automatically indic-
ate that violation of a water quality standard
has occurred, it does signal that modifications
to the SWPPP may be necessary. In addition,
exceedance of benchmark values may identify

facilities that would be more appropriately
covered under an individual, or alternative
general permit where more specific pollution
prevention controls could be required.”); 1995
MSGP, 60 Fed.Reg. at 50824-25 (same); 2008
MSGP at 35 (“The benchmark concentrations
are not effluent limitations; a benchmark ex-
ceedance, therefore, is not a permit violation.
Benchmark data are primarily for your use to
determine the overall effectiveness of your
control measures and to assist you in knowing
when additional corrective action(s) may be
necessary to comply with the effluent limita-
tions in Part 2.”). Where samples indicate con-
centrations in excess of benchmarks, the MS-
GP generally appears to require that a com-
pany evaluate its control measures and determ-
ine whether modifications are necessary. See,
e.g., 2008 MSGP at 35-37 (§ 6.2.1).

Benchmark limitations and effluent limita-
tions also appear to have different relation-
ships to BAT/BCT. As described above, by
statute, effluent limitations are inextricably
linked to BAT/BCT. See 33 U.S.C. §§
1311(b)(2)(A), 1342(b)(2). EPA Benchmarks,
on the other hand, are not as linked. Rather, it
appears that the Benchmarks levels are based
on information such as concentration values
for aquatic life, secondary wastewater treat-
ment regulations, and human health criteria.
See 1995 MSGP, 60 Fed.Reg. at 50825; 2000
MSGP, 65 Fed.Reg. at 64767 (citing to 1995
MSGP). While numeric effluent limitations
must take into account industry-specific BAT/
BCT, the numeric guidelines reflected in the
Benchmark levels do not vary among indus-
tries. The pollutants an industry must monitor
does vary by industry, however; the EPA has
determined whether an industry presents a risk
for certain types of pollutants based on a stat-
istical analysis of samples. See id.

According to the MSGP, scrap recycling
facilities, which are Standard Industrial Classi-
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fication Code 5093, must monitor seven chem-
icals. There are no numeric effluent limitations
for scrap recycling facilities set forth either in
40 C.F.R. Subchapter N or in the MSGP.

2. Effluent Limitations in California's General
Permit

The parties agree that California's General
Permit does not by its terms incorporate the
MSGP's Benchmark levels in Effluent Limita-
tion B(3). The General Permit provides that for
facilities regulated by 40 C.F.R. Subchapter N,
“compliance with the effluent limitation
guidelines constitutes compliance with BAT
and BCT for the specified pollutants and must
be met comply with this General Permit.” Gen.
Permit, Fact Sheet at VIII (RJN, Ex. A at 14);
id., Effluent Limitation B(1) (RJN, Ex. A at
22). For industries that are not among the in-
dustrial categories listed in 40 C.F.R.
Subchapter*945 N, like the scrap recycling fa-
cilities at issue here, the General Permit
provides that “it is not feasible at this time to
establish numeric effluent limitations.... There-
fore, this General Permit allows the facility op-
erator to implement best management practices
(BMPs) to comply with the requirements of
this General Permit.” Gen. Permit, Findings ¶
9 (RJN, Ex. A at 21). The lack of an objective
standard in the General Permit has been a
source of criticism. See Booth Decl., Ex. B. at
80. The General Permit does require, however,
that permittees incorporate BMPs “that
achieve BAT/BCT.” Gen. Permit, Effluent
Limitation B(3).

3. Role of EPA Benchmark Levels in the Efflu-
ent Limitation B(3) Analysis

Baykeeper urges the Court to look to the
EPA Benchmarks as “objective standards for
determining the sufficiency of BMPs.” Reply
at 3. Baykeeper asserts that the numerous
samples showing that discharges from Ekco's
facility repeatedly exceeded the Benchmark
limits, “coupled with photographic and docu-

mentary evidence presented” in support of its
motion, leave no genuine issue of material fact
that Ekco's BMPs did not achieve BAT/BCT,
as required by the General Permit. Ekco argues
that adopting Baykeeper's approach inappro-
priately treats the benchmarks as enforceable
guidelines, even though the General Permit
does not specifically incorporate them as such.
Baykeeper accuses Ekco of mischaracterizing
its argument. Although Baykeeper asserts that
it does not “elevate[ ] EPA Benchmark levels
to ‘enforceable numeric limits,’ ” see Reply at
3, there is limited, if any, practical difference
between that and what Baykeeper asks the
Court to do in its first argument-to grant sum-
mary judgment based solely on samples that
are above the benchmark levels. See Pl.'s
Mem. at 10 (“Each of these discharges of pol-
luted storm water in excess of EPA Bench-
marks is a separate violation of the General
Permit[.]”).

The Court holds that the EPA Benchmarks
are relevant guidelines that should be used to
evaluate the efficacy of a facility's BMPs, but
that samples in excess of those benchmarks do
not necessarily constitute a violation of the
General Permit.FN8 There can be no reason-
able dispute that the Benchmarks are relevant
to the inquiry as to whether a facility imple-
mented BMPs. Cf. Waterkeepers Northern
California v. AG Industrial Mfg. Inc., 375 F.3d
913, 919 n. 5 (9th Cir.2004) (suggesting that
the plaintiff appropriately pointed to EPA
Benchmark values “as evidence to support its
claim that [the defendant] failed to implement
adequate BMPs”). As Baykeeper noted in its
Reply, the Benchmarks are often used as an
objective guideline by those investigating
compliance. Indeed, Timothy Simpson, Vice
President and principal engineer for Geomatrix
Consultants, the group leader for the Metals
Recyclers Monitoring Group, testified at his
deposition that the MRMG uses the EPA's
Benchmarks to determine which clients likely
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need to implement “additional measures” to re-
main in compliance with the General Permit.
See Simpson Decl., ¶ 1; Simpson Depo. at
35:6-36:14. The MSGP contemplates using the
Benchmark levels in precisely this way. See
pp. 12-15, supra; 2000 MSGP, 65 Fed.Reg. at
64766-67 (“[T]he benchmarks also provide an
appropriate level to determine whether a facil-
ity's storm water pollution prevention meas-
ures are successfully implemented.”).

FN8. At oral argument, Baykeeper
agreed that this was the proper ap-
proach.

*946 Although the Benchmark levels are
useful objective guidelines, the Court is not
persuaded it would be appropriate to hold that
samples showing concentrations in excess of
the Benchmark levels constitute a violation of
Effluent Limitation B(3) simply by virtue of
exceeding those Benchmark levels. Doing so
would effectively-and inappropriately-turn
these Benchmarks into numeric effluent limita-
tions. First, the General Permit neither spe-
cifically incorporates the Benchmark levels
nor cites to them as helpful guidance. Second,
the MSGP indicates that Benchmark levels are
to be used as signals that an SWPPP may need
adjusting, not as a bright-line proxy for com-
pliance or noncompliance. Moreover, Effluent
Limitation B(3) provides that BMPs must
“achieve BAT/BCT.” As discussed above,
while effluent limitations are inextricably
linked with BAT/BCT, as far as the Court can
tell, EPA Benchmarks are not so linked.
Without a direct link to BAT/BCT, it would be
problematic to use the Benchmark levels to
conclusively determine whether a facility's
“BMPs achieve BAT/BCT.”

Instead, the Court holds that a more com-
prehensive approach is necessary. The Clean
Water Act, the General Permit, and applicable
regulations suggest that the approach to com-
pliance with permits requires assessments

based both on industry-wide standards and on
an individualized and flexible approach. For
example, when the EPA sets effluent limits, it
does so on an industry-by-industry basis. See
33 U.S.C. § 1311(b)(2)(A) (requiring that ef-
fluent limitations be set for “categories and
classes of point sources”). However, the sub-
stance of each SWPPP, including the appropri-
ate BMPs, is developed facility-by-facility. See
Gen. Permit, § A. The Court does not doubt
that an objective standard has benefits, includ-
ing the ease of administration and the ease of
determining when site violates the General
Permit. Repeated and/or significant ex-
ceedances of the Benchmark limitations should
be relevant to this determination. With respect
to Effluent Limitation B(3), however, the Gen-
eral Permit appears to require a more compre-
hensive look at the BAT/BCT for the industry
to determine whether a specific site's BMPs
achieve BAT/BCT.

Baykeeper's first ground for summary
judgment rests entirely on the fact that samples
repeatedly show effluent limitations in excess
of the benchmark levels. See Pl.'s Mem. at
9-10.FN9 Baykeeper's argument draws from
sampling at the Ekco facilities and the opinion
of Dr. Horner. As noted above, the Court
agrees that sampling orders of magnitude in
excess of the benchmark levels is evidence
supporting Baykeeper's contention that Ekco
did not have BMPs that achieve BAT/BCT. As
discussed above, however, this evidence in and
of itself does not establish a violation of Efflu-
ent Limitation B(3). Dr. Horner opined that
“modern stormwater treatment devices can
produce effluents of higher quality for many”
of the contaminants set by the MSGP, and that,
accordingly, “the EPA benchmarks convey
some ‘benefit of the doubt’ on treatment cap-
abilities to dischargers.” Horner Decl. ¶ 21.
According to Dr. Horner, because they accord
some benefit of the doubt, these benchmarks
“are in no way excessively stringent or infeas-
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ible to meet.” Id. Although both sampling and
Dr. Horner's opinion support Baykeeper's Mo-
tion, without*947 a more comprehensive dis-
cussion of the BAT/BCT, the Court cannot
find that no genuine issue of material fact re-
mains. The SWPPP and Cobb's testimony re-
flect some BMPs used by the Ekco facilities.
See Packard Decl., Ex. G at 121-26; Atherton
Decl., Ex. B at 18-21. While the Court finds it
doubtful that BMPs such as sweeping achieve
BAT/BCT, the Court has no real discussion on
these issues before it in reference to Effluent
Limitation B(3). Where Baykeeper's motion
included no discussion of how Ekco's BMPs
compared with the BAT/BCT, the Court is not
convinced that samples in excess of the Bench-
mark levels were sufficient to shift the burden
to Ekco to dispute this claim. See Reply at
11-12. (To the extent Baykeeper discusses
these issues with reference to requirements of
the SWPPP, the Court addresses liability on
that ground below.)

FN9. While Baykeeper's Reply sug-
gests that this argument is also based
on photographs and documentary evid-
ence presented, its argument rests on
sampling in excess of the Benchmark
limits as opposed to an analysis of the
BAT/BCT available and a contrast to
those used by Ekco.

D. Receiving Water Limitation C(2) of the
General Permit

[4] Next, Baykeeper moves for summary
judgment on the ground that the discharge
from the Ekco facility is in excess of water
quality standards, and therefore in violation of
the Receiving Water Limitation C(2) of the
General Permit. Ekco argues that Baykeeper
inappropriately relies on the California Toxics
Rule. The Court holds that the California Tox-
ics Rule is a water quality standard that applies
to Ekco, and that summary judgment is war-
ranted as to liability on that ground.

1. CTR as a Water Quality Standard Under
Receiving Water Limitation C(2)

The General Permit's Receiving Water
Limitations provides that storm water dis-
charges “shall not adversely impact human
health or the environment.” Gen. Permit, Re-
ceiving Water Limitation C(1). In particular,
Receiving Water Limitation C(2) provides that
storm water discharges “shall not cause or con-
tribute to an exceedance of any applicable wa-
ter quality standards contained in a Statewide
Water Quality Control Plan or the applicable
Regional Water Board's Basin Plan.” Id., Re-
ceiving Water Limitation C(2).

The California Toxics Rule (“CTR”), 40
C.F.R. 131.38, is an applicable water quality
standard. After a California court overturned
the State's water quality control plan (and pur-
suant to § 303 of the Clean Water Act, 33
U.S.C. § 1313), the EPA promulgated the CTR
“to fill a gap in California water quality stand-
ards” that had existed for several years in the
absence of a State water quality control plan.
Water Quality Standards; Establishment of Nu-
meric Criteria for Priority Toxic Pollutants for
the State of California, 65 Fed.Reg. 31682
(May 18, 2000). The EPA's Summary of the
Final Rule provides that “[t]hese Federal cri-
teria are legally applicable in the State of Cali-
fornia for inland surface waters, enclosed bays
and estuaries for all purposes and programs
under the Clean Water Act.” Id. “All waters
(including lakes, estuaries, and marine waters)
... are subject to the criteria promulgated
today. Such criteria will need to be attained at
the end of the discharge pipe, unless the State
authorizes a mixing zone.” Id. at 31701. For
the pollutants present in the discharges from
the Ekco facilities, the following pollutant con-
centrations apply (assuming a receiving water
hardness of 100 mg/L as CaCO3 and all as dis-
solved quantities): lead-0.065 mg/L; copper-
0.013 mg/L; zinc-0.120 mg/L; and cadmium-
0.0043 mg/L. 40 C.F.R. 131.38(b)(1).FN10
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FN10. The CTR levels are lower than
benchmark levels. See 65 Fed.Reg. at
31701 (“EPA is aware that the criteria
promulgated today for some of the pri-
ority toxic pollutants are at concentra-
tions less than EPA's current analytical
detection limits. Analytical detection
limits have never been an acceptable
basis for setting water quality criteria
since they are not related to actual en-
vironmental impacts.”). Pursuant to §
1342(p)(3)(A) (which incorporates the
requirements of § 1311), “industrial
storm-water discharges shall achieve
any more stringent limitation, including
those necessary to meet water quality
standards, treatment standards or sched-
ules of compliance, established pursu-
ant to any State law or regulation.” De-
fenders of Wildlife v. Browner, 191
F.3d 1159, 1164-65 (9th
Cir.1999)(internal quotation marks and
alterations omitted).

*948 Ekco argues that the CTR is not ap-
plicable here for two reasons, neither of which
the Court finds persuasive. First, Ekco argues
that, according to California's “Policy for Im-
plementation of Toxics Standards for Inland
Surface Waters, Enclosed Bays, and Estuaries
of California,” the CTR does not apply to indi-
vidual dischargers. See Booth Decl., Ex. A.
Ekco's reading of the CTR and the Implement-
ation Policy is unavailing. The CTR expressly
applies to “all waters” for “all purposes and
programs under the Clean Water Act.” See 65
Fed.Reg. at 31682, 31701. By noting that the
Implementation Policy does not apply to storm
water discharges, see Booth Decl., Ex. A at 16
n. 1, the Implementation Policy does not pur-
port to exempt storm water dischargers from
the limits imposed by the CTR, a federal regu-
lation. Rather, the Implementation Policy sug-
gests that those issues are regulated by the
General Permit. The General Permit requires

adherence to water quality standards.FN11

Second, Ekco appears to argue that its contri-
bution to impairment by pollutants would be
small. However, the CTR criteria apply “end
of the discharge pipe, unless the State author-
izes a mixing zone.” 65 Fed.Reg. at 31701.
The General Permit authorizes no mixing zone.

FN11. This interpretation is consistent
with the approach taken by the Region-
al Water Quality Control Board for the
Los Angeles Region in its 2001 LA
County MS4 Permit. See Packard Reply
Decl., Ex. B at 63 (defining “Water
Quality Standards and Water Quality
Objectives” to mean “water quality cri-
teria contained in ... the California Tox-
ics Rule”).

In sum, the CTR is a water quality standard
in the General Permit, Receiving Water Limit-
ation C(2). A permittee violates Receiving
Water Limitation C(2) when it “causes or con-
tributes to an exceedance of” such a standard,
including the CTR. The General Permit
provides that a facility operator “will not be in
violation of Receiving Water Limitation C(2)
as long as the facility operator has implemen-
ted BMPs that achieve BAT/BCT” and follows
a reporting procedure. Gen. Permit, Receiving
Water Limitation C(3).

2. Baykeeper's Samples
Baykeeper rests its C(2) argument on

sampling by Ekco in November 2007 and by
Baykeeper on February 11, 2007, February 22,
2007, April 20, 2007, November 30, 2007, and
January 6, 2008. While Ekco cannot object to
the quality of its own sampling, See Sierra
Club v. Union Oil Co. of Cal., 813 F.2d 1480,
1492 (9th Cir.1987), vacated by 485 U.S. 931,
108 S.Ct. 1102, 99 L.Ed.2d 264, judgment re-
instated in 853 F.2d 667 (9th Cir.1988) (“when
a permittee's reports indicate that the permittee
has exceeded permit limitations, the permittee
may not impeach its own reports by showing
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sampling error”), it argues that Baykeeper's
samples may not be reliable.

Ekco's objection to the reliability of these
samples is twofold. First, Ekco notes that Ekco
did not provide access or permission to sample
storm water at its *949 facility. Cobb Decl. ¶
7. According to Simpson, if such samples were
taken off of Ekco Metals' premises, “they may
have been tainted by water from other
sources.” Simpson Decl. ¶ 21.FN12 Second,
Ekco argues that the existence of fecal coli-
form in the samples “indicates the possibility
of contamination of the samples by water from
other sources.” Simpson Decl. ¶ 22. Carlos
Carreon, who collected Baykeeper's samples,
provided a detailed explanation as to his back-
ground and experience with water quality and
environmental engineering here. Carreon Decl.
¶¶ 3-4, Ex. A. Additionally, Carreon's descrip-
tion of the collection of the water samples con-
tains significant detail, providing a narrative
description of the location and process Carreon
used, as well as Carreon's notes. See, e.g.,
Carreon Decl. ¶ 14, Ex. D at 42. Ekco's wit-
nesses do not specifically address either
Carreon's qualifications or his sampling tech-
nique.FN13 Rather than address Carreon's spe-
cific descriptions of the sampling conditions,
Simpson's declaration contains only a conclus-
ory assertion that the water sampling was per-
formed “under undocumented conditions” and
that this, combined with the presence of fecal
coliform, suggests that the samples could have
been tainted. Simpson Decl. ¶ 19. Simpson's
assertion as to the “undocumented” nature of
Carreon's samples is without merit in light of
the significant detail provided by Carreon. Ad-
ditionally, Simpson's conclusory statement that
the presence of fecal coliform “possibly” in-
dicates contamination does not give rise to a
genuine issue of material fact as to the validity
of these samples. Id. ¶ 22. The only supporting
evidence on which Simpson relies is a simil-
arly conclusory statement from David Cobb.

See Cobb Decl. ¶ 7 (“We do not engage in any
activity which would lead to the presence of
fecal coliform ... to appear in samples taken of
storm water discharged from the Ekco Metals'
facility.”). Simpson does not, for example, ex-
plain why, based on Carreon's detailed descrip-
tion of his sampling techniques, those tech-
niques were improper. Simpson's conclusory
statements are insufficient to raise a triable is-
sue of fact as to these samples. See F.T.C. v.
Publishing Clearing House, 104 F.3d 1168,
1171 (“A conclusory, self-serving affidavit,
lacking detailed facts and any supporting evid-
ence, is insufficient to create a genuine issue of
material fact.”).

FN12. Baykeeper has objected to the
Simpson Declaration on the basis of
Federal Rule of Evidence 702 and Fed-
eral Rule of Civil Procedure 56(e). See
Pl.'s Objections to Evidence. Though
styled as an attack on Simpson's entire
declaration, Baykeeper's Rule 702 ob-
jection appears primarily to challenge
Simpson's “qualifi[cations] as an expert
by knowledge, skill, experience, train-
ing, or education” to opine on the relev-
ance or interpretation of EPA Bench-
marks and CTR. The Court does not
read Baykeeper's objection to bear on
Simpson's qualifications to testify the
propriety of certain samples or how to
sample, and does not read his depos-
ition testimony to be inconsistent with
his declaration on these points. Bay-
keeper does not argue, for instance, that
Simpson has not stated the factual basis
for his opinion. See Walton v. U.S.
Marshals Service, 492 F.3d 998, 1008
(9th Cir.2007) (In this circuit, “[e]xpert
opinion is admissible and may defeat
summary judgment if it appears the af-
fiant is competent to give an expert
opinion and the factual basis for the
opinion is stated in the affidavit, even
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though the underlying factual details
and reasoning upon which the opinion
is based are not.” (internal quotation
marks omitted)).

FN13. Ekco filed objections to
Carreon's declaration on February 13,
2009. The objections the sampling
paragraphs assert lack of personal
knowledge in violation of Federal Rule
of Evidence 602. The Court overrules
these objections.

3. Violations at the Ekco Facility
Ekco cannot dispute the information contained

in its annual reports or reports *950 to the
MRMG. See Sierra Club, 813 F.2d at 1492.
The sampling data for November 30, 2007 in-
dicates levels above the CTR standards.
Horner Decl. ¶¶ 29-38. On November 30,
2007, Ekco Metals conducted samples in
Yards 2 and 3. It is undisputed that both
samples had concentrations of copper, zinc,
and lead significantly above the CTR standards
for these pollutants. Horner Decl., Ex. C at
79-80; 40 C.F.R. 131.38(b).

Parameter Location Result (mg/L) CTR
Copper Yard 2 36.3 0.013
Copper Yard 3 5.12 0.013
Lead Yard 2 10.2 0.065
Lead Yard 3 6.39 0.065
Zinc Yard 2 11.9 0.12
Zinc Yard 3 31.1 0.12

Samples taken by Baykeeper on February
11, 2007, February 22, 2007, April 20, 2007,
November 30, 2007, and January 6, 2008 also
indicated excesses of CTR standards for these
pollutants, though of lower magnitudes. See
Horner Decl., Ex. C at 74-84.

Because these numbers exceed the applic-
able WQS, the Court finds that there were vi-
olations of Receiving Water Limitation C(2) at
the Ekco facility. Ekco does not dispute Dr.
Horner's assertion that Ekco did not submit a
report to the appropriate regional water board,
in compliance with Receiving Water Limita-
tion C(3). See id. at ¶ 31. Thus, that safe har-
bor undisputably cannot apply. The Court will
defer ruling the number of violations until a
later time, such as in conjunction with appro-
priate damages.

E. Storm Water Pollution Prevention Plans

Baykeeper next argues that Ekco's SWPPP
is inadequate in violation of the General Per-
mit. Section A of the General Permit sets forth
the requirements for site maps. The SWPPP
has “two major objectives: (a) to identify and
evaulate sources of pollutants” and “(b) to
identify and implement site-specific best man-
agement practices (BMPs) to reduce or prevent
pollutants associated with industrial activities
in storm water discharges.” Gen. Permit, §
A(2). Although the SWPPP requirements “are
designed to be sufficiently flexible to meet the
needs of various facilities,” there are neverthe-
less mandatory components. As relevant here,
the SWPPP must include: (1) a Site Map, Gen.
Permit § A(4); (2) a description and assess-
ment of potential pollutant sources, id. §§
A(6)-(7); and (3) a narrative description of the
BMPs to be implemented at the facility for
each potential pollutant, id. § A(8). Addition-
ally, the SWPPP must be evaluated once a year
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to determine whether revisions are appropriate.
Id. § A(9). Baykeeper challenges Ekco's
SWPPP in three ways.

1. Failure to Incorporate BMPs that Comply
with the General Permit

[5] Baykeeper argues that the SWPPP fails
to incorporate BMPs that comply with the
General Permit's requirement for SWPPPs. Ac-
cording to the General Permit, an SWPPP must
include a description of the storm water BMPs
to be implemented. Gen. Permit, § A(8). Those
BMPs “shall be developed and implemented to
reduce or prevent pollutants in storm water
discharges.” Id. The General Permit requires
that facility operators consider non-structural
and structural BMPs. According to § A(8)(a)
of the General Permit, “[n]on-structural BMPs
generally consist of processes, prohibitions,
procedures, schedule of activities, etc., that
prevent pollutants associated with industrial
activity from contacting with storm water dis-
charges.” The General Permit provides that
“[f]acility operators should consider all pos-
sible non-structural BMPs options *951 before
considering additional structural BMPs.” Id.
“Where non-structural BMPs ... are not effect-
ive, structural BMPs shall be considered.
Structural BMPs generally consist of structural
devices that reduce or prevent pollutants in
storm water discharges.” Id. at § A(8)(b). In
determining whether BMPs are effective, the
General Permit suggests that visual observa-
tions, inspections, and sampling results are all
relevant. Id. at § A(9).

Baykeeper argues that the non-structural
BMPs have not been effective, and that the
SWPPP has not incorporated structural BMPs
as required in such a situation. Baykeeper's ar-
gument rests on the combination of storm wa-
ter samples and visual observations by its in-
vestigators and in Ekco's reports. See Horner
Decl. ¶¶ 28-41 & Ex. C at 79-80; Carreon De-
cl. ¶ 10 & Ex. B; Ford Decl. ¶¶ 36-37. As men-

tioned above, the General Permit defines non-
structural BMPs as those that prevent pollut-
ants from coming into contact with storm wa-
ter. There is evidence that Ekco uses non-
structural BMPs, see Packard Decl., Ex. G, but
Ekco has not presented evidence creating a
genuine issue as to whether these BMPs were
fully effective in the face of Baykeeper's evid-
ence to the contrary.FN14 Where non-
structural BMPs are ineffective, i.e., do not
prevent pollutants from coming into contact
with storm water, an SWPPP must include
structural BMPs. Gen. Permit, § A(8)(b).
Though Ekco disputes whether it actually used
structural BMPs or was implementing BMPs
that achieve BAT/BCT, see Atherton Decl.,
Ex. B at 18-20, it is undisputed that the
SWPPP itself does not include structural
BMPs. Accordingly, the Court finds that
Ekco's SWPPP is in violation of § A(8) of the
General Permit.

FN14. The declarations on which Ekco
relies state in a conclusory fashion that
the BMPs are adequate.

2. Site Map
[6] Baykeeper also argues that the Ekco

SWPPP violates the General Permit because its
site map fails to meet the requirements of the
General Permit. The General Permit requires
that the Site Map include all areas of industrial
activity; locations where materials are directly
exposed to precipitation; an outline of all im-
pervious areas of the facility; and all areas sub-
ject to soil erosion. Gen. Permit § A(4)(a)-(e).
Baykeeper argues that the site map omits (1)
many of the places where scrap metal is stored
without cover and (2) all areas of shipping and
receiving, fueling, vehicle and equipment
maintenance and waste treatment. The Court
finds that there are genuine issues as to wheth-
er the site map complies with these require-
ments. The site map indicates areas for ex-
posed metal, see Packard Decl., Ex. G at 117,

Page 16
619 F.Supp.2d 936
(Cite as: 619 F.Supp.2d 936)

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.



and the cited pages of the Horner Declaration
include pictures of exposed scrap metal
without identification as to the particular
yards, see Horner Decl., Ex. B at 57-64. Addi-
tionally, the site map indicates places for park-
ing and loading. Packard Decl., Ex. G at 117.
Taking this evidence in Ekco's favor, the Court
finds that genuine issues remain as to this viol-
ation.

3. Revisions to SWPPP to Include Adequate
BMPs

[7] Baykeeper argues that Ekco has failed
to update the SWPPP to include adequate
BMPs at the Ekco facility, as required by §§
A(2) & A(9). It is undisputed that there has
been no revision to the SWPPP, but Ekco ar-
gues that it was not required to update. While
the Court finds that there are genuine issues of
material*952 fact as to whether the facility
was using BMPs that achieve BAT/BCT (i.e.,
whether it was actually using structural
BMPs), the Court has already found that the
non-structural BMPs were inadequate. Accord-
ingly, the Court finds that revisions to the
SWPPP were necessary.

4. Summary
In sum, the Court finds that summary judg-

ment is warranted on violations of §§ A(8) and
A(9) of the General Permit.

F. Monitoring and Reporting Plans
[8] Section B of the General Permit sets

out requirements for monitoring and reporting
storm water. These monitoring and reporting
requirements are aimed at (1) ensuring that
storm water discharges are in compliance with
discharge prohibitions, effluent limitations,
and receiving water limitations, and (2) assist-
ing in the evaluation and analysis of the BMPs.
See Gen. Permit, § B(2). By participating in
the MRMG, Ekco is subject to reduced monit-
oring. Id. at § B(15). Members of the group
monitoring program must conduct storm water
sampling and analysis in compliance with the

following requirements: (1) they must be col-
lected from two storm events at each site dur-
ing the five-year cycle that occur during sched-
uled facility hours and that are preceded by at
least three working days without storm water
discharges; (2) the samples must be taken dur-
ing the first hour of discharge; (3) at least one
sample must be collected from the first storm
event of a particular wet season (October 1
through May 30); (4) samples must be ana-
lyzed for specific contaminants; and (5)
samples must be analyzed for toxic chemicals
and other pollutants that are likely to be
present in storm water discharges in significant
quantities. Id. at §§ B(5)(a)-(b).

It is undisputed that Ekco sampled only
once during the relevant period, on November
20, 2007. Genuine issues of material fact re-
main as to whether qualifying events took
place at the Ecko facility.

G. Annual Reports
Finally, Baykeeper moves for summary

judgment on the basis that Ekco failed to self-
report any noncompliance, in violation of §
A(9) of the General Permit. As this argument
appears primarily to rely on the adequacy of
Ekco's BMPs, the Court finds summary judg-
ment inappropriate on this ground.

III. RULE 56(f) REQUEST
[9] Although Ekco has defended Baykeep-

er's Motion for Summary Judgement, it has
also filed a request pursuant to Federal Rule of
Civil Procedure 56(f) for a continuance of this
motion. While Ekco presents this request as an
alternative for the court “if the Court is not in-
clined to deny the motion based on the materi-
als before it now.” Opp. at 23-24.

Rule 56(f) provides that if a party opposing
a motion for summary judgment “shows by af-
fidavit that, for specified reasons, it cannot
present facts essential to justify its opposition,
the court may: (1) deny the motion; (2) order a
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continuance to enable affidavits to be obtained,
depositions to be taken, or other discovery to
be undertaken; or (3) issue any other just or-
der.” Fed.R.Civ.P. 56(f). “A party requesting a
continuance pursuant to Rule 56(f) must
identify by affidavit the specific facts that fur-
ther discovery would reveal, and explain why
those facts would preclude summary judg-
ment.” Tatum v. City and County of San Fran-
cisco, 441 F.3d 1090, 1100 (9th Cir.2006). A
district court is within its discretion to deny a
Rule 56(f) request “if the movant has failed di-
ligently to pursue discovery in the past.”
Chance *953 v. Pac-Tel Teletrac, Inc., 242
F.3d 1151, 1161 n. 6 (9th Cir.2001) (quoting
Nidds v. Schindler Elevator Corp., 113 F.3d
912, 920 (9th Cir.1996)) (internal quotation
marks omitted). That said, “a district court
should continue a summary judgment motion
upon a good faith showing by affidavit that the
continuance is needed to obtain facts essential
to preclude summary judgment.” California v.
Campbell, 138 F.3d 772, 779 (9th Cir.1998).

Supported by an affidavit from counsel for
Ekco, Ekco makes its Rule 56(f) request on
two grounds. First, Ekco asserts that it did not
know that Baykeeper would be relying on the
water samples it collected in this Motion for
Summary Judgment. Second, Ekco asserts that
it was not aware Baykeeper would be using Dr.
Horner as an expert witness and has not had
the opportunity to cross-examine him.

Discovery is not yet closed in this case.
According to the current scheduling order, to
which the parties stipulated, Fact Discovery
Cut Off is March 17, 2009. See Order Re Stip-
ulation Setting Pretrial and Trial Schedule,
Docket No. 37. Expert disclosures and reports
are due March 31, 2009, rebuttal expert reports
are due May 5, 2009, and expert discovery cut-
off is May 7, 2009. Id. The last day to hand-
serve Motions is April 7, 2009, and the Motion
cut-off is April 28, 2009. Id.

To the extent Ekco's Rule 56(f) motion
rests on Baykeeper's use of its own samples,
Ekco's request lacks merit. According to Bay-
keeper's counsel, although it has been over a
year and a half since Baykeeper filed this case,
Ekco has conducted no discovery. Packard
Reply Decl. ¶ 7. In Baykeeper's Rule 26(a) Ini-
tial Disclosures, dated January 29, 2008, Bay-
keeper specifically disclosed data reports relat-
ing to storm water sampling it conducted at
Kramer's facilities on February 11, 2007, Feb-
ruary 22, 2007, and November 30, 2007. Pack-
ard Reply Decl. ¶ 5. Likewise, Tom Ford, Car-
los Carreon, Meredith McCarthy, and Jose
Couce have been designated as witnesses since
those initial disclosures. Id. Ekco's suggestion
that it did not expect Baykeeper to rely on this
information because of a conversation in
which Kramer's counsel criticized Baykeeper's
samples, see Booth Aff. ¶¶ 3-4, does not justi-
fy continuance. See Chance, 242 F.3d at 1161
n. 6.

Ekco's challenge as to Dr. Horner is also
unavailing. As mentioned above, under the
current Scheduling Order, stipulated by the
parties, expert reports and disclosures are not
due until March 31, 2009, rebuttal expert re-
ports are due May 5, 2009, and expert discov-
ery cut-off is May 7, 2009. The last day to
hand-serve Motions is April 7, 2009, and the
Motion cut off is April 28, 2009. Ekco has had
ample time to take Dr. Horner's deposition.
Additionally, Ekco's insistence that it has not
had a chance to cross-examine Dr. Horner,
though perhaps relevant, is unconvincing here.
The dates provided by the parties' own stipu-
lated scheduling order suggest that the parties
did not necessarily contemplate pre-Summary
Judgment depositions of experts. More import-
antly, however, Ekco has failed to point to spe-
cific facts that may be provided in such a de-
position that would undermine summary judg-
ment here.
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This is not a case where discovery has just
begun or the moving party has sprung new in-
formation on the defendant at the last minute.
Although Ekco is correct that discovery has
not yet been completed, the Court finds its ex-
planations insufficient in the context of this
case. Thus, the Court denies the Rule 56(f) re-
quest.

IV. CONCLUSION
For the foregoing reasons, the Court grants

in part and denies in part Baykeeper's*954
Motion for Partial Summary Judgment.

IT IS SO ORDERED.

C.D.Cal.,2009.
Santa Monica Baykeeper v. International
Metals Ekco, Ltd.
619 F.Supp.2d 936

END OF DOCUMENT
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COAST ACTION GROUP 
P.O. BOX 215 
POINT ARENA, CA 95468 

 
 

 
 

Affiliate of Redwood Coast Watersheds Alliance 
 
June 4, 2014 
 
George Gentry, Executive Officer 
State Board of Forestry and Fire Protection  
P.O. Box 944246 
Sacrament, CA 94244-2460 
 
 
Subject: Comment - Rule Making Consistent with the Language of AB 904 – Working Forest 
Management Plan 
 
Dear Mr. Gentry: 
 
Included below are our current comments regarding specific use related to this rule making pro-
cess.  As indicated by previous letter and a history of Coast Action Group involvement in the 
development of AB 904 and other Board of Forestry Rule Making and Regional Water Board Rule 
Making, we have indicated our concerns and positions related to development and adoption of  
such rules affecting water quality and forest values.   
 
Briefly, our major concerns with the current rulemaking process falls in a limited area of catego-
ries – including: 
 
* Consistency with the wording and intent of the AB  904 Legislation    
 
* Noticing 
 
* Erosion Control Inventory and Planning 
 
* Maintenance and recruitment of Late Seral (old growth) values and inventory 
 
* Water Quality Considerations (Compliance with Basin Plan) 
 
* Review Period 
 
* Clarification of some operational considerations (i.e. Limiting amalgamation of properties). 
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Consistency with the language and intent of the Legislation: 
 
Note:  Language from the legislation included in this document will be indicated so – in italics. 
 
4597.20. The board shall adopt the regulations needed to implement this article by January 1, 2016.  
 
The bill would require the board to adopt regulations needed to implement the above provisions by January 1, 
2016.  (P.2) 
 
The language and intent in the legislation is clear and uncomplicated. The language in the rule mak-
ing/regulation shall be consistent with and adequately reflect the plain language of the legislation. Devia-
tion from the legislative language and intent is not acceptable.  Any, such deviation in language that is 
required to be consistent with other State Code or regulation shall be supported by justification and analy-
sis.   
 
This rulemaking is a project under CEQA.  Consistency with the legislative language and any alteration of 
language shall be reviewed for applicability – where the language must address the legislative intent. Rule 
language must address any issue in a manner equal to or better that the stated language in the legislation. 
 
Current iterations of the rule contain some apparent language changes, differences, that appear to fail to 
meet the legislative language and/or intent of the legislation.  In these comments, we are pointing out the  
legislative language at issue and expect the Board to make appropriate adjustments – to be consistent with 
and reflect the legislative language.  We are not offering language fix suggestions. 
 
Noticing (and) Review Periods 
 
The bill contains language that indicates noticing and maintenance of web-based documentation of the 
Plan.  Rulemaking language shall indicate that not only the plan should be available on the web – all 
available documents necessary for accurate review of the plan shall be maintained on the web as part of the 
Plan. 
 
4597.3. The board shall adopt regulations regarding the notice of receipt of the proposed working forest 
management plan. The notice shall be given within two working days following receipt of the proposed 
management plan and shall be consistent with all applicable laws. The method of notice shall include, but 
not be limited to, mailed notice and Internet-based notice. The regulations may require the person sub-
mitting the working forest management plan to provide to the department a list of the names and addresses 
of persons to whom the notice is to be mailed.  
4597.4. The department shall provide notice of the filing of working forest management plans, the proposed 
plans, and working forest harvest notices on its Internet Web site, and to any person who requests, in 
writing, that notification.  
4597.5. Upon receipt of the proposed working forest management plan, the department shall place the 
proposed plan, or a true copy of the proposed plan, in a location or on an Internet Web site available for 
public inspection in the county in which timber operations are proposed under the plan. For the purpose of 
interdisciplinary review, the department shall also transmit a copy to the Department of Conservation, the 
Department of Fish and Wildlife, the appropriate California regional water quality control board, the 
county planning agency, and all other agencies having jurisdiction by law over natural resources affected 
by the plan. The department shall invite, consider, and respond in writing to comments received from public 
agencies to which the plan has been transmitted and shall consult with those agencies at their request.  
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4597.6. (a) The department shall provide a time period for public comment, starting from the date of the 
receipt of a working forest management plan, as follows:  
(1) Ninety days for a working forest management plan for less than 5,000 acres.  
(2) One hundred ten days for a working forest management plan for between 5,000 and 9,999 acres.  
(3) One hundred thirty days for a working forest management plan for between 10,000 and 14,999 acres 
 
As noted above, review periods may need to be altered due to Plan changes and late information provided 
by the timberland owner, or as required by the Review Team – to attain the stated objectives of the Act and 
Rules.  Thus, additional time for responsible agency and public review may be required.  This should be 
considered in the rulemaking .  
 
Erosion Control 
 
(j) “Working forest management plan” means a management plan for working forest timberlands, with 
objectives of maintaining, restoring, or creating uneven aged managed timber stand conditions, achieving 
sustained yield, and promoting forestland stewardship that protects watersheds, fisheries and wildlife 
habitats, and other important values. 
 
The definition, above, indicates language (rule language) that will sufficiently protect water quality values 
as well as habitat and uneven aged development and recruitment (with late seral implications – see below). 
 
Prior to plan approval: 
 
4597.2. (b) A description of the land on which the plan is proposed to be implemented, including a 
United States Geological Survey quadrangle map or equivalent indicating the location of all 
streams, the location of all proposed and existing logging truck roads   
 
This description and mapping should be included as part of Erosion Control Plan (or inventory of roads, 
erosion sites – ongoing or potential – and schedule for remediation) to be included in the Plan.  
As per the following: 
 
(d) A description and discussion of the methods to be used to avoid significant sediment discharge 
to watercourses from timber operations. This shall include disclosure of active erosion sites from 
roads, skid trails, crossings, or any other structures or sites that have the potential to discharge 
sediment attributable to timber operations into waters of the state in an amount deleterious to the 
beneficial uses of water, an erosion control implementation plan, and a schedule to implement 
erosion controls that prioritizes major sources of erosion 
 
Maintenance and recruitment of Late Successional  (old growth type) values and inventory 
 
Language shall be included to assure maintenance of inventory , protection, and recruitment of late suc-
cessional forest type: 
 
(g) (1) A description of late succession forest stands in the plan area and how the total acreage of this type 
of habitat will be maintained across the plan area under a constraint of no net loss. Nothing in this re-
quirement shall be interpreted to preclude active management on any given acre of an approved plan if the 
management is conducted in a manner that maintains or enhances the overall acreage of late succession 
forest stands that existed in the plan area upon initial plan approval. An exception to the no net loss con-
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straint may be granted in the event of a catastrophic loss due to emergency factors such as wildfire, insect, 
and disease activity. The description shall include the following:  
(A) Retention measures for existing biological legacies such as snags, trees with cavities or basal hollows, 
and down logs, and address how those legacies shall be managed over time appropriate with the forest 
type, climate, and landowner’s forest fire fuels and wildlife management objectives.  
(B) Hardwood tree species and how they will be managed over time.  
(2) Late succession forest stand types or strata shall be mapped.  
(3) Notwithstanding the definition of late succession forest stands in Section 895.1 of Title 14 of the Cali-
fornia Code of Regulations, and for the sole purpose of this article, “late succession forest stands” means 
stands of dominant and predominant trees that meet the criteria of the California Wildlife Habitat Rela-
tionships System class 5D, 5M, or 6 with an open, moderate, or dense canopy closure classification, often 
with multiple canopy layers, and are at least 10 acres in size. Functional characteristics of late succession 
forest stands include large decadent trees, snags, and large down logs.  
(h) Disclosure of state or federally listed threatened, candidate, endangered, or rare plant or animal spe-
cies located within the biological assessment area, their status and habitats, take avoidance methodologies, 
enforceable protection measures for species and habitats, and how forest management will maintain these 
over time 
 
This is to include protection of other wildlife values (as stated – above – and – below ) 
 
(2) (A) For long-term sustained yield projections, pursuant to subdivision (c), that project a reduction in 
quadratic mean diameter of trees greater than 12 inches in diameter or a reduced level of inventory for a 
major stand type or for a stand or strata that make up greater than 10 percent and less than 25 percent of 
the working forest management plan area, an assessment shall be included that does all of the following:  
(i) Addresses candidate, threatened, endangered, and sensitive species, and other fish and wildlife species 
that timber operations could adversely impact by potential changes to habitat.  
(ii) Addresses species habitat needs utilizing the “WHR system” described in “A Guide to Wildlife Habitats 
in California,” California Department of Fish and Wildlife, 1988, or comparable typing system.  
(iii) Addresses constraints to timber management, the impact of the availability and distribution of habitats 
on the ownership and within the cumulative impacts assessment area identified in the plan in relation to the 
harvest schedule, and the impacts of the planned management activities utilizing the existing habitat as the 
baseline for comparison.  
(iv) Discusses and includes feasible measures planned to avoid or mitigate potentially significant adverse 
impacts on fish or wildlife, which can include, but is not limited to, recruitment or retention of large down 
logs greater than 16 inches in diameter and 20 feet in length, retention of trees with structural features such 
as basal hollows, cavities, large limbs, or broken tops, retention of hardwoods, and retention or recruit-
ment of snags greater than 24 inches in diameter and 16 feet in height. 
 
 
Other Water Quality Considerations (Compliance with Basin Plan) 
 
Review Period 
 
Clarification of the review period(s) and the opportunity for public participation is needed   
 
The bill would require the department to provide a public comment period of at least 90 days from the date of the 
receipt of the plan, as specified. 
 
These are very large scale and detailed plans – requiring significant and detailed review and reporting by  the 
land owner and participating agencies.  The current language needs to address the issue of additional time need 
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by agencies to obtain required information and for the public to have sufficient time to obtain an review that 
information. 
 
Additionally, if the plan changes in process or is altered by Second Review recommendations, the public and 
participating agencies need additional time for review.    
 
The language for the 5 year interdisciplinary review shall contain opportunity for public comment on such re-
view. 4597.12 (c)  
 
Clarification of Operational Considerations  
 
There is concern (where clarification is needed in the rules) that there will be attempts to amalgamate (combine) 
properties to qualify these properties, under this act as a Working Forest Management Plan.  
 
Such amalgamation of combining of properties would provide numerous review and management problems – 
with varying and different – stand types, strata, management goals, erosion problems, ECPs, and other re-
quirements.  Allowing such combinations of different ownerships (under one plan) would make review and 
management of the Working Forest Management Plan impossible for responsible agencies review and monitor – 
and , thus, defeats the intent of the legislation. 
 
Language in the bill indicates one owner/operator 
 
The bill would authorize a person who intends to become a working forest landowner, as defined, to file a 
working forest management plan with the department, with the long-term objective of an uneven aged timber 
stand and sustained yield through the implementation of the plan 
 

(i) “Working forest landowner” means an owner of timberland with less than 15,000 acres who has an 
approved working forest management plan and is not primarily engaged in the manufacture of 
forest products. 

 
Other Considerations 
 
Carbon Sequestration -  
 
(5) To ensure long-term benefits such as added carbon sequestration, local and regional em-
ployment and economic activity, sustainable production of timber and other forest products, 
aesthetics, and the maintenance of ecosystem processes and services, the working forest man-
agement planshall comply with rigorous timber inventory standards that are subject to periodic 
review and verification 
 
The above language suggests stringent inventory review that maintains forest values (species, 
water quality, old growth) – and – additionally assures accrual of carbon.  Rule language should 
reflect this.  
 
Amendments  
 
Amendments shall comply with existing rules and applicable codes (including the regional Basin 
Plan) at the time of amendment: 
 
4597.7. The working forest landowner may submit a proposed amendment to the approved plan and shall 
not take any action that substantially deviates, as defined by the board, from the approved plan until the 
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amendment has been filed with the director and the director has determined, after completion of the in-
teragency review and public comment period, either of the following:  
(a) The amendment is in compliance with the current rules and regulations of the board and the provisions 
of this chapter.  
(b) The amendment is in compliance with the rules and regulations of the board and the provisions of this 
chapter that were in effect at the time the working forest management plan was approved. The director may 
only make this determination if the registered professional forester explains, justifies, and certifies both of 
the following: 
(1) The adherence to new or modified rules and regulations of the board would cause unreasonable addi-
tional expense to the working forest landowner.  
(2) Compliance with the rules and regulations of the board and the provisions of this chapter that were in 
effect at the time the working forest management plan was approved will not result in any significant 
degradation to the beneficial uses of water, soil stability, forest productivity, or wildlife 
 
Growth and Yield Targets   
 
The language in the legislation is very clear regarding criteria used to establish growth and yield 
targets.  
 
The language in the rules must adequately reflect the legislative language and intent.  
 
 
Compliance with State Code 
  
Rulemaking shall comply with the following: 
 
(b) This article shall be implemented in a manner that complies with the applicable provisions of this chapter 
and other laws, including, but not limited to, the Timberland Productivity Act of 1982 (Chapter 6.7 (commencing 
with Section 51100) of Division 1 of Title 5 of the Government Code), the California Environmental Quality Act 
(Division 13 (commencing with Section 21000) of the Public Resources Code), the Porter Cologne Water 
Quality Control Act (Division 7 (commencing with Section 13000) of the Water Code), and the California En-
dangered Species Act (Chapter 1.5 (commencing with Section 2050) of the Fish and Game Code). 
 
Rulemaking shall reflect and be consistent with language and intent of the legislation (AB – 904) 
 
This includes Cal Water Code (Porter-Cologne) and the regional Basin Plans.  Erosion control 
planning that does not consider potential erosion sources is not consistent with the Basin Plan.  
Rulemaking that does not consider Regional Water Board Temperature Policy is not consistent 
with the Basin Plan.  
 
All provisions of the section 4597.11 will be clearly stated in enforceable language.   
 
 
           Sincerely,  
 
    Alan Levine, for Coast Action Group         
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COAST ACTION GROUP 
P.O. BOX 215 
POINT ARENA, CA 95468 

 
 

 
 

Affiliate of Redwood Coast Watersheds Alliance 
 
July 17, 2014 
 
George Gentry, Executive Officer 
Management Committee 
State Board of Forestry and Fire Protection  
P.O. Box 944246 
Sacrament, CA 94244-2460 
 
 
Subject: Additional Comments Comment - Rule Making Consistent with the Language of AB 904 
– Working Forest Management Plan 
 
Dear Mr. Gentry and Management Committee Members: 
 
 
The most recent DRAFT of the proposed language for the rules implementing AB 904, Working 
Forest Management Plan, have made significant improvement in reflecting the intent  of AB 904 
and the mandate of the legislation to be consistent with all California Code.  
 
However, there are still some outstanding issues which that must be addressed in this rule making 
process. This letter speaks to the need  to include assessment and inventory of potential sediment 
sources (as proposed by the Regional Board and required by Cal Water Code and the Basin Plan 
for the North Coast).  It appears the committee has issue determining necessity for inclusion of 
language requiring assessment and inventorying (including prioritizing remediation of sediment 
control actions necessary to protect beneficial uses) potential sediment sources as part of the 
sediment control plan for a Working Forest Management Plan. Please refer to Coast Action 
Groups previous comments (June 4, 2014). 
 
The language of AB 904 is based on the concept of permitting a long term forest stewardship 
document that is designed to not only protect current resources – were the plan must assess and 
recover forest productive resources – including water quality and wildlife values.  The language in 
the bill is very clear on this subject.  
 
The following includes a discussion of the logic, benefits, and requirement(s) (under Cal Code and 
the legislative intent) to include such language: 
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Erosion Control 
 
First it must be understood that a source that are actively emitting sediment (to high quality waters 
or waters that are listed as Impaired – California’s list of Water Quality Limited Segments) is a  
violation of the Basin Plan  (and Cal Water Code).  And, in fact, such ongoing violations are 
subject to Notice of Violation  (and penalty – Administrative Civil Liability). Additionally;   de-
livery of such pollutants to surface waters is a violation of the Forest Practice Rules (Act – no plan 
may be approved that is in violation of the applicable water quality control plan ) .  The Basin Plan 
and Cal Water Code call for control of threats to water quality (before they become actual viola-
tions).  Under the Basin Plan and Cal Water Code (Porter-Cologne ) “potential” pollutant sources 
are equal to “existing” pollutant sources. Threats water quality must be controlled before they 
become violations.  This applies to all pollution sources, existing or potential – including septic, 
wastewater, stormwater, etc.. Thus, plans (THPs, NTMPs, WFMPs ) must assess and provide for 
remedy potential pollutant sources – prior to plan approval.  
 
Note: Once a Violation has been noted by the Regional Board (or CDFW, CalFire) the remedy can 
not be supported by restoration grants supported by State funding..  This is just one argument for 
the assessment and remediation of potential sources prior to a violation is noted.  
 
Note: The current THP/NTMP review process supports assessment and remedial consideration of, 
both, active and potential sediment sources. These CEQA compliant documents are replete with 
disclosure of the location and nature of active and potential sediment production issues and dis-
cussion and description of the remedy – prior to plan completion and/or prior to significant rain 
events. This discussion/disclosure in the plan is supplemented by an Erosion Control Plan docu-
ment.  
 
 
(j) “Working forest management plan” means a management plan for working forest timberlands, with 
objectives of maintaining, restoring, or creating uneven aged managed timber stand conditions, achieving 
sustained yield, and promoting forestland stewardship that protects watersheds, fisheries and wildlife 
habitats, and other important values. 
 
The language AB 904 (above) implies stewardship that protects watersheds and fisheries (as well 
as other forest values).  It can be fairly argued that failure to assess and prioritize for remedy of 
potential sediment sources fails consistency with the above noted objective (as well as mandates 
under other California Code).  
 
The  AB 904 language, below supports the discussion (above) – necessity for inclusion of potential 
sediment sources : 
 
Prior to plan approval: 
 
4597.2. (b) A description of the land on which the plan is proposed to be implemented, including a 
United States Geological Survey quadrangle map or equivalent indicating the location of all 
streams, the location of all proposed and existing logging truck roads   
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This description and mapping should be included as part of Erosion Control Plan (or inventory of roads, 
erosion sites – ongoing or potential – and schedule for remediation) to be included in the Plan.  
As per the following: 
 
(d) A description and discussion of the methods to be used to avoid significant sediment discharge 
to watercourses from timber operations. This shall include disclosure of active erosion sites from 
roads, skid trails, crossings, or any other structures or sites that have the potential 
to discharge sediment attributable to timber operations into waters of 
the state in an amount deleterious to the beneficial uses of water, an 
erosion control implementation plan, and a schedule to implement erosion con-
trols that prioritizes major sources of erosion 
 
 
The AB 904 language is clear.  Any CEQA or legal review of this rule making action will support 
the inclusion of this language in the rule making process.  
 
Finally,: 
 
It is only logical (as noted in the current process of THPs/NTMPs) and the intent of the AB 904 
language that plan review shall include: 
 
Field assessment by the RPF  (and Regional Board, CDFW, CalFire staff during field review and 
agency reports).of any and all active and potential sediment sources. 
 
Such sources, and potential sources, shall be disclosed in discussion and mapped . 
 
Assessment shall include a description of the issue, estimate of pollutant contribution, or potential 
contribution, with discussion of relevant potential – need for remedy, and relationship in a priority 
continuum (schedule for remedy). 
 
Description of remedial action.  
 
Prioritization and scheduling be maintained on an inventory list where progress to completion of 
remedial project completion is tracked (and maintained by CalFire and Regional Board Staff).  
 
The above shall be maintained as and “Erosion Control Implementation Plan”  (as per the specific 
language of AB 904) – subject to the review and approval of all responsible agency as part of the 
Review Team.  The “Erosion Control Implementation Plan “ shall be considered part of the 
Working Forest Management Plan.  Failure to comply with the  “Erosion Control Implementation 
Plan” would require revocation of the Working Forest Management Plan   
 
    Sincerely, 
 
      Alan Levine for Coast Action Group  
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COAST ACTION GROUP 
P.O. BOX 215 
POINT ARENA, CA 95468 

 
 

 
 

Affiliate of Redwood Coast Watersheds Alliance 
 
August 20, 2014 
 
George Gentry, Executive Officer 
Management Committee 
State Board of Forestry and Fire Protection  
P.O. Box 944246 
Sacrament, CA 94244-2460 
 
Subject: Additional Comments (#3) - Rule Making Consistent with the Language of AB 904 – 
Working Forest Management Plan – August Pleading  
 
Dear Mr. Gentry and Management Committee Members: 
 
I have mentioned in previous comments on this Rule Making process for the Working Forest 
Management Plan – the need to be consistent with all applicable law – including the language 
contained in AB 904 (see previous comments).  To date, the language in the pleading fails in a test 
of consistency  (AB 904 section 4597.2. (b) and (d)). Additionally, in this rule making process, 
with final approval of the rule - as a project under CEQA – there is a requirement that the rule be 
internally consistent.  That is; different sections must be consistent with each other (which is not 
currently the case).  The following discussion will point to some issues, but not all, regarding 
internal inconsistency.  
 
Sample Marking in the WLPZ: Sample marking in the WLPZ is to be allowed (similar to NTMPs 
– however NTMPs are smaller and more manageable – thus, this is not a similar situation or issue). 
The question arises; that with such sample marking (anadromous streams) compliance with ben-
eficial use protection (canopy removal, stream temperature, and other habitat issues) can not be 
fully addressed.  Sample marking does not provide, or assure, compliance with actions necessary 
to attain the desired/target outcomes that are necessary. Nor, does sample marking provide the 
information necessary for managing agencies to make adequate determinations. Note: THPs re-
quire marking the entire WLPZ  for ASP compliance.   
 
Long Term Sustain Yield -  Definition and terminology in the rule language is insufficient.  
See discussion provided by Sharon Duggan.  
 
 
1094.6 Contents of a Working Forest Management Plan  - information provided in WFMP (and 
this section of the rule language) must go beyond disclosure of the potential effects of the plan – 
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timber management.  CEQA requires complete and accurate description of the project – as well as 
complete analysis of potential effects and mitigatory process.  Some areas (sections) of the rule 
making do contain aspects of (but not all) the necessary information – where this information is 
absent from other sections. This is a problem of consistency that needs to be fixed.  
 
(d) (4) Probable Location of proposed and existing landings in WLPZ.  Probable?  I would remove 
that word.  The public and managing agencies need to know the location of these aspects of the 
plan – for adequate review and assessment.  
 
Added to this section should be the location of all existing and potential erosion control issues 
(road failures, slides, unstable soils, etc. )  Or – this information can be contained in the Erosion 
Control Implementation Plan.  
 
(e) (8) This section fails to include potential erosion features that must be located and enumerated 
in the plan (As per the plain language in AB 904) – or – be inventoried and noted in the Erosion 
Control Implementation Plan.  
 
(28) Explanation of justification for use of landings, roads, skid trails in watercourse, marshes, or  
wet meadows.  Isn’t there a policy of avoidance of these areas in the Forest Practice Rules? In-
cursion into these areas can hardly be justified – or – mitigated.  
 
(34) A description of the Lakes, meadows, and other wet areas :   Included should be the location  
and mapping of these areas.  
 
1094.8 Working Forest Harvest Notice Content 
 
Information required in this section is not consistent with 1094.6 
 
Certification of compliance by the RPF for beneficial use protection can not be accomplished– if 
there is failure to identify or locate slides and unstable areas, erosion sources (including potential), 
wet areas, activities to occur in wet areas or adjacent to or on erosion prone areas – and note ap-
plicable mitigation.  Most of all of this information should be contained in an Erosion Control 
Implementation Plan.   
 
An Erosion Control Implementation Plan is mandated as part of any WFMP. Certification by the 
RPF without such a plan in place is not consistent with the wording or intent of AB 904.  Contents 
and use of the Erosion Control Implementation Plan must be fully described in the rule making.  
 
The use of terminology “unreasonable expense” does not (can not) justify operations that violate 
the language and intent of: Basin Plan for the North Coast, Porter-Cologne Water Quality Control 
Act (Cal Water Code), DFG Code, Federal Endangered Species Act, and other California Code.  
This should be made clear in the Rules for WFMP.  
   
                                Sincerely:  Alan Levine for Coast Action Group  
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COAST ACTION GROUP 
P.O. BOX 215 
POINT ARENA, CA 95468 

 
 

February 4, 2015 
 

Affiliate of Redwood Coast Watersheds Alliance 
 
 
State Board of Forestry and Fire Protection  
Attention: Thembi Borras 
Regulations  Coordinator 
P.O. Box 944246 
Sacrament, CA 94244-2460 
 
Subject: Working Forest Management Plan – Rulemaking – AB 904/Regulatory Compliance 
 
Through the Rule Making process in the Management Committee issues of conformance to the 
language and intent of AB – 904 have, in part, been addressed. However there are outstand-
ing/unresolved issues that require consideration and correction by the Board of Forestry.   
 
With this letter outlining remaining issues, Coast Action Group is submitting (as part of our 
comments to the file) historic comment presented during the Rule Making process for review and 
consideration for developing final rules that are consistent with language and intent of AB 904 and 
other California Regulations and Statute.  
 
Intent and Purpose 
 
This rule making process, required by AB 904, allow for an extremely large scale project (up to 
15,000 acres)  - timber harvest management standards will exist in perpetuity.  The intent and 
purpose of AB 904 and related rule making process was to allow development of projects that 
provide resource protection  for forest production, forest resource values, and forest water quality 
values that are superior to the protections provided under the current Forest Practice Rules. The 
benefit for the landowner is a onetime approval process with established management standards. 
The benefit for the public and responsible managing agencies is a high level or resource protection. 
The benefit for all parties is superior forest production.  
 
Presently the current language in the proposed rules for the Working Forest Management Plan has 
lost sight of what is being – or can be accomplished here.  
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Issue 
 
Notice states “Proposed action is not expected to have an effect on the health and welfare of Cal-
ifornia residents….” 
 
This statement/finding can not be made if: 
 
The agency review period for WFMP is not sufficient for the Review Team to effectively  review 
and assess such large properties and provide responsible agencies and the public with complete 
and accurate information for an informed decision making process.  Please be aware that the 
proposed review period is not sufficient to accurately review a 1,000 acre Timber Harvest Plan and 
provide responsible agency and the public sufficient information, assessment, and mitigatory 
process for an informed decision making process required by CEQA.  
 
If within the planning document there is not reasonable assurance of compliance of the goal of 
Long Term Sustained Yield – with measurable targets supported by periodic review that factually 
supports that identified management activities are meeting such targets. Current language in the 
WFMP language falls short of providing such assessment and compliance with LTSY.  
 
If within the planning document the Erosion Control Implementation Plan in not inclusive of a 
planning and implementation schedule to remedy active and potential sediment sources with 
timelines that provide reasonable assurance of compliance with – the Forest Practice Act, Cal  
Water Code (Porter-Cologne), and the Basin Plan.  
 
1094.6 Contents of WFMP 

 
 
1) Silvicultural method(s) to be applied during the initial harvest(s), projected future 14 harvest(s) 

and method(s) used in the projected growth and yield to achieve LTSY.  
(i) A description and discussion of the methods to be used to avoid significant sediment  discharge to wa-
tercourses from timber operations. This shall include disclosure of active erosion  sites from roads, skid 
trails, crossings, or any other structures or sites that have the potential to  discharge sediment attributable to 
timber operations into waters of the state resulting in  significant sediment discharge and violation of water 
quality requirements. The WFMP shall also  include an erosion control implementation plan and a schedule 
to implement erosion controls  that prioritizes significant existing erosion site(s). This subdivision shall not 
apply to the extent  that the RPF provides documentation to the Department that the WFMP is in compli-
ance with  similar requirements of other applicable provisions of law.  
 
To be consistent with AB 904 Cal Water Code, CEQA, the Forest Practice Act, and the area Basin 
Plan(s) inclusion of the word “potential” (to effectively use this word in the rules and mandated 
Erosion Control Implementation Plan – as part of 1094.6 Contents of WFMP) – must be included 
in the wording of this section (to assure recognition and remedy, with prioritization, of controllable 
potential sediment sources). 
 
Additionally: the language in the WFMP Rule Making  the words for sediment control must in-
clude "Potential” sediment sources as well as  "Existing or Active" sediment sources  as  necessary 
for TMDL compliance with State and/or EPA TMDLs.   Definition wording for “Potential” shall 
be consistent with Cal Water Code and Basin Plan definitions (existing or perched material that is 
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likely to enter a watercourse if not treated).  
 
 
We reference and  support discussion on this subject in Regional Board (Region 1) letter  to the 
Board of Forestry September 30,2014 – Comments on Working Forest Management Plan 
 
We request clarifying language to solve issue regarding interpretation of the last sentence in the 
paragraph above: This subdivision shall not apply to the extent  that the RPF provides documentation to 
the Department that the WFMP is in compliance with  similar requirements of other applicable provisions 
of law.”   The meaning and intent of this language is unclear – convoluted. The interpretation of this lan-
guage is likely to lead to interpretation that diverges from the intent of the AB 904 and necessity to meet 
legal requirements to comply with the Basin Plan(s) and other California Code – including CEQA con-
sistency requirements.  
  
These comments and previous comments (with discussion of issues) are submitted to the file for 
your review and consideration. 
 
 
 
 
 Sincerely:  Alan Levine for Coast Action Group  
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Sent via electronic mail to: publiccomments@bof.ca.gov on date shown below 
 

March 2, 2015 
 
J. Keith Gilless, Chairman 
California Board of Forestry and Fire Protection 
P.O. Box 944246 
Sacramento, CA 94244 
 
 
RE: Comments on 45-day Notice for Proposed Adoption of Regulations for the Working 
Forest Management Plan 
 
Dear Chairman Gilless and Board Members: 
 
The Environmental Protection Information Center submits these comments for consideration by 
the Board of Forestry and Fire Protection in its review of the proposed regulations for the 
“Working Forest Management Plan” documents and review process.   

The Environmental Protection Information Center (“EPIC”) is a community-based, membership 
driven environmental non-profit organization that speaks for both its members and supporters. 
EPIC has established a long history of engagement in the monitoring and enforcement of laws 
and regulations related to private timberland management over the last 37 years.  EPIC has been 
on the forefront of enforcing laws requiring sustainable forest practices, including its successful 
challenge to the Pacific Lumber/Maxxam Sustained Yield Plan.  EPIC advocates on behalf of its 
members for sustainable forest practices to ensure protection of all natural resources, including 
water, protected and listed species, and cultural and historic sites.  EPIC members are directly 
impacted by private land forest operations, particularly in terms of impacts to natural resources, 
water quality and quantity, ecological processes, and aesthetics.  Timber operations which cause 
adverse environmental harm have a direct impact on EPIC members, particularly because of the 
loss of timberland productivity and failure to adequately protect natural resources which depend 
on quality timberlands.  For example, EPIC members from throughout California require clean 
and adequate water sources, and pure air – resources which are directly affected by poorly 
regulated logging practices throughout California. EPIC maintains rulemaking by the Board of 
Forestry and Fire Protection (“Board”) must adhere to all applicable laws to ensure sustainable 
forestry and protection of natural resources will be an effective standard for private land timber 
management. 

 

 
Environmental Protection Information Center 

145 G Street Suite A Arcata, CA 95521 
(707) 822-7711 

www.wildcalifornia.org 

mailto:publiccomments@bof.ca.gov


INTRODUCTION 
 
EPIC believes management planning is a good thing, particularly to define long-term resource 
planning, identify and evaluate landscape issues, provide mechanisms to remedy legacy and 
operational environmental impacts, and provide an ongoing feedback-loop that monitors 
practices and conditions to maintain ecological processes and increase productivity and 
sustainable forestlands while protecting natural resources. 
 
The California Legislature passed AB 904 to provide a landscape planning mechanism for non-
industrial timberland owners with ownerships of less than 15,000 acres.  While EPIC did not 
support AB 904, now that it is law, EPIC wants to see it implemented in a manner that is 
effective and consistent with the Legislative intent “to encourage long-term planning, increased 
productivity of timberland, and the conservation of open space on a greater number of 
nonindustrial working forest ownerships and acreages.” (PRC § 4597(a)(3)). Thus, EPIC 
supports the policy to “encourage prudent and responsible forest resource management of 
nonindustrial timberlands” through development of good “Working Forest Management Plans.”  
(PRC § 4597(a)(4)).  EPIC believes, as did the Legislature when it enacted AB 904, that to 
achieve benefits such as “added carbon sequestration, local and regional employment and 
economic activity, sustainable production of timber and other forest products, aesthetics, and the 
maintenance of ecosystem processes and services,” the Working Forest Management Plan must 
“comply with rigorous timber inventory standards that are subject to periodic review and 
verification.  (Id., (a)(5)). (Emphasis added).  
 
A Working Forest Management Plan (“WFMP”), by definition, is a management plan with 
objectives of “maintaining, restoring, or creating uneven aged managed timber stand conditions, 
achieving sustained yield, and promoting forestland stewardship that protects watersheds, 
fisheries and wildlife habitats, and other important values.” (PRC § 4597.1 (j)). Only land 
owners with less than 15,000 acres of timberland, and who are not primarily engaged in the 
manufacture of wood products, are eligible to secure approval of a WFMP. (Id., (I)). These 
landowners must have the objective of “an uneven aged timber stand and sustained yield” which 
they propose to achieve through implementation of a WFMP. (PRC § 4597.2).  

The Legislature directed the Board of Forestry to adopt regulations as needed to implement AB 
904 provisions. (See, e.g., PRC §§ 4597.2(l), 4597.3, 4597.8, 4597.11(m), and 4597.12(b)).  
EPIC has previously provided comment on Board committee drafts of proposed WFMP 
regulations.  Because we believe much of what EPIC has identified in the past remains relevant 
to the currently proposed regulations, we include a copy of comments from April 7, 2014 
(Attachment A). One of EPIC’s primary concerns was the Board’s failure in previous draft to 
provide actual interpretation and clarity of the statutes enacted pursuant to AB 904, and instead 
to simply restate much of the statutory language. EPIC strongly disagrees with this approach, as 
we believe AB 904 requires interpretation and guidance for effective implementation.  EPIC 
identified many examples of this and refer the reader to our earlier comments.  The Board’s 
Initial Statement of Reasons (“ISOR”) now tries to justify this practice under a theory that 
“duplication of statute” was necessary for “consistency” and “to satisfy the clarity standard.”  
(ISOR, at p. 7). EPIC disagrees. Because the draft regulations now duplicate language, or in 
some cases introduce new language which further confuses the statutory standards, many of the 
regulations do not satisfy the Administrative Procedures Act standards for clarity and 
consistency.    
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Underlying this regulatory effort is the reality that several hundred thousand acres of forest land 
may be eligible for and receive Working Forest Management Plan approval. As lifetime plans, it 
is critical that the Legislative intent be fully and accurately implemented in a manner that 
protects timberland and other natural resources. The regulations as drafted do not provide the 
basic information required by, or offer interpretation of, governing statutes in a manner that will 
achieve the California’s stated goals and objectives in authorizing WFMPs. 
 
These comments focus on core issues which must be addressed through changes in the proposed 
regulations, before the Board may act to approve a set of regulations for the WFMP. The 
regulations fail to satisfy the statutory duty embodied by AB 904. They lack necessary 
definitions. They fail to require content to ensure that long term sustained yield (“LTSY”) is 
plainly stated, and achieved through implementation of unevenaged management and 
monitoring. The regulations fail to provide adequate measures to protect water quality, protected 
and listed species, and cultural and historic sites. They fail to ensure that cumulative impacts are 
properly evaluated and mitigated. The regulations fail to meet governing statutory requirements 
by permitting exceptions to standard rule provisions, and authorizing stocking standards which 
do not achieve increased timberland productivity. The regulations also fail to meet the statutory 
requirement for a Five Year Review process. Because of these failures, the Board’s proposed 
rules do not satisfy CEQA requirements.  
 
EPIC requests that the Board consider and respond in writing to all comments presented, 
evidence submitted, and the suggestions made.    
 

I. LEGAL FRAMEWORK  
 
Rulemaking is subject to the requirements of the California Administrative Procedure Act 
(“APA”). To be effective, a regulation must be consistent and not in conflict with the governing 
statute, and must be reasonable necessary to effectuate the purpose of the statute.  (Gov’t Code § 
11342.2). To be approved by the Office of Administrative Law, the regulations must satisfy 
these criteria: necessity, authority, clarity, consistency, reference and nonduplication. (Gov’t 
Code § 11349.1). “Necessity” means to effectuate the purpose of the governing statute, taking 
into account the totality of the record before the agency at the time of approval. (Gov’t Code § 
11349 (a)). “Clarity” means the regulation must be “easily understood” by those who are directly 
affected by them; “consistency” means “being in harmony with, and not in conflict with or 
contradictory to, existing statutes, court decisions or other provisions of law.” (Id., subd. (c) and 
(d)). A notice of proposed rulemaking must include discussion of “matters required by statute(s) 
applicable to the specific state agency or to any specific regulation or class of regulations.” 
(Gov’t Code § 11345.5 (a)(4)). 
 
This means the Board’s rulemaking must meet the standards of the Forest Practice Act, including 
AB 904, the legislative bill which enacted the Working Forest Management Plan provisions 
codified in the Forest Practice Act as Public Resources Code sections 4597 - 4597.22. Thus, 
rules must satisfy the Forest Practice Act goal of maximum sustained production of high quality 
timber products while protecting natural resources and other values. (PRC § 4513, emphasis 
added). And rules must comply with AB 904’s intent, which requires a Working Forest 
Management Plan to “comply with rigorous inventory standards” intended to “ensure long-term 
benefits such as added carbon sequestration, local and regional employment and economic 
activity, sustainable production of timber and other forest products, aesthetics, and the 
maintenance of ecosystems processes and services.” (PRC § 4597 (a)(5)). 
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One of the others laws which the Board must follow in the review and approval of regulations is 
the California Environmental Quality Act (“CEQA”). Pursuant to CEQA, the Secretary of 
Resources has certified the rulemaking process by the Board as a "regulatory program" within 
the meaning of Public Resources Code section 21080.5. Section 21080.5 of CEQA provides a 
mechanism for the use of an environmental review document “in lieu of the environmental 
impact report.” In adopting regulations, the Board must comply with all requirements of CEQA 
except those provisions of Chapters 3 and 4 of CEQA (commencing with sections 21100 and 
21150), and Public Resources Code section 21167. The Board must also comply with its certified 
program, consisting of its legislative mandates and regulations. A certified program remains 
subject to other provisions in CEQA, including the policy of avoiding significant adverse effects 
on the environment, (14 CCR § 15250), and adequate evaluation and mitigation of cumulative 
impacts. (EPIC v. Johnson (1985) 170 Cal.App.3d 604).    
 
The CEQA certification statute specifies the minimum requirements for Board regulations. These 
include requirements that the rules ensure that projects approved pursuant to Board rules (1) will 
not be approved if there are feasible alternatives or feasible mitigation measures available that 
could substantially lessen a significant adverse effect of the activity on the environment; and (2) 
are subject to and include orderly evaluation and which requires the plan document to be 
consistent with the environmental protection purposes of the FPA. (PRC § 21080.5(d)(2)(A), 
(B)). The CEQA certification also requires that the plan that is subject to the rules, such as the 
Working Forest Management Plan, must include a “description of the proposed activity with 
alternative to the activity, and mitigation measures to minimize any significant adverse effect on 
the environment from the activity.” (PRC § 21080.5(d)(3)(A)). CEQA requires that any project 
be evaluated for the potential for, and avoidance at time of approval of, significant and 
cumulative adverse impacts upon the environment. (PRC §§ 21000, 21001, 21003.1, 
21080.5(d)(3)(A)). 
 
This means the Board must comply with its own rulemaking regulations, as well as Public 
Resources Code section 21080.5 (d).  Among other things, these provisions require the Board to 
evaluate and mitigate possible significant adverse environmental effects, and propose reasonable 
alternatives to rule proposals.  (14 CCR § 1142). The Board must also evaluate during its process 
how well the proposed rules would serve the policies of the Forest Practice Act (“FPA”), 
eliminate any avoidable environmental damage, serve the production of high quality timber 
while maintaining the productivity of all affected resources, and how the rule proposal could be 
modified to more effectively accomplish the purposes of the Forest Practice Act. (14 CCR § 
1144). 
 
In summary, the proposed regulations fail to provide for adequate standards to address 
significant adverse individual cumulative impacts on the environment, fail to provide standards 
for mitigation and/or minimization of significant adverse individual or cumulative impacts, and 
fail to identify or describe reasonable alternatives to the proposed regulations that could 
potentially minimize or mitigate to insignificance any potential significant adverse individual or 
cumulative impacts to the environment. 
 
EPIC contends that the Board has failed to satisfy these requirements, as discussed below.  
 
 

4 
 



II. THE REGULATIONS FAIL TO SATISFY THE INTENT OF THE STATUTE 
 

A. The Regulations Fail to Provide Essential Standards. 
 
AB 904 expressly declares that the “working forest management plan shall comply with rigorous 
timber inventory standards.”  (PRC § 4597(a)(5)). These standards are needed to ensure the long-
term benefits outlined in the statute, including “added carbon sequestration,” “sustainable 
production of timber and other forest products,” and “the maintenance of ecosystems processes 
and services.” Yet, the proposed regulations fail to identify any “rigorous timber inventory 
standards.” In fact, the proposed regulations do not provide any clearly stated timber inventory 
standards.  While proposed rule 1094.6 requires “description” of “inventory design and 
standards,” including types of projections or models used to make projections of growth and 
yield, (subsection (f)), or “inventory design and timber stratification criteria” to support growth 
and yield calculations used to determine LTSY, (subsection (g)), these provisions do not provide 
any actual standard, much less a “rigorous” timber inventory standard, that must be satisfied.  In 
fact, in doing a search of the entire proposed rule package, there is not one reference to 
“inventory standard,” or “timber inventory.” Thus, the rules fails to meet the required APA 
standards, and in the absence of clear statement of the required “rigorous inventory standards,” 
there is a serious question as to whether these rules, as currently drafted, can even satisfy the 
APA authority,  necessity and consistency standards. 
 
The proposed rules also fail to provide clear definitions for the “long-term benefits” the rigorous 
timber inventory standards are intended to ensure.  For example, the proposed rule package fails 
to define or give interpretation to the terms such as “added carbon sequestration,” “sustained 
production of timber and other forest products,” or “maintenance of ecosystems processes and 
services.”  (PRC §4597(a)(5)). This failure contributes to the legal deficiency of the rule 
package, by not providing necessary interpretation of core statutory provisions.  
 
Proposed rule 1094.6 states that a “function” of the WFMP is to “provide information and 
direction for timber management so it complies with ....management objectives of the 
landowner(s).” (Emphasis added). AB 904 says nothing about landowner management 
objectives.  Introducing this provision to guide the WFMP, while failing to provide the statutory 
“rigorous timber inventory standards,” or definition of stated objectives, is contrary to the statute 
and not authorized.  As such, it violates the APA.  Moreover, the proposed regulations place no 
definition on what may constitute landowner’s “management objectives.” There is nothing 
“rigorous” about allowing a landowner’s unbridled management objectives to define timber 
management as contemplated by AB 904.  This too violates the APA due to a lack of authority 
and consistency. 
 
The proposed rules, and specifically rule 1094.6, do not require an express statement and 
identification of “long term sustained yield.” While there are provisions that require submission 
of information as to how the plan submitter estimates LTSY, there is no plain requirement for the 
WFMP submitter to state the LTSY.  Nor is there any provision which stipulates that the WFMP 
submitter must conduct uneven aged management to reach LTSY, or to maintain LTSY. The 
ISOR advises that this rule package is intended to “incentivize” uneven aged management (ISOR 
at p. 4), yet the rules themselves do not provide any clear incentive much less a requirement to 
conduct uneven aged management over time, into the future, or upon realization of the (unstated) 
LTSY. This is yet another reason why the proposed rules are not authorized by statute, and do 
not satisfy the intent and purpose of AB 904, e.g., to provide “increased productivity of 
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timberland” and achieve the long-term objective of an “uneven aged timber stand and sustained 
yield through implementation of a working forest management plan.” (PRC §§ 4597(a)(3), 
4597.2).  
 
Additionally, the rules lack any metric to evaluate, consistently over time, whether statutory 
goals for “sustained production of timber” and “sustained yield” are being achieved.  (PRC §§ 
4597, 4597.2). Specifically, the rules fail to require regular and ongoing reporting of volume 
harvested and volume remaining, for at least tree size, species, and stands. In order to achieve 
sustainability, the volume removed—such as Scribner volume, cubic or board feet – must be 
recorded to determine whether estimates for removal are being followed.  It is also necessary to 
provide regular reporting of emerging growth, in order to evaluate whether growth projections 
for the LTSY are accurate or need adjustment. This is needed entirely independent of any Five 
Year Review for compliance; it is needed to ensure that the purposes of the WFMP are being 
fulfilled over time.  
 
The failure to provide these key provisions in the proposed rules mean that not only has the APA 
not been followed, but equally CEQA requirements have not been met. The ISOR summarily 
concludes that the proposed rule package will not result in significant adverse environmental 
effects.  (ISOR at p. 106). This is insufficient based on the potential for real harm due to the lack 
of “rigorous timber inventory standards,” clear statement of LTSY, measures to ensure use of 
uneven aged management over time, and adequate recording and monitoring of volumes 
harvested and growth occurring.  The lack of these measures means, simply, that WFMPs and 
their implementation, have the very real potential to cause significant adverse effects on the 
environment, and particularly timberland productivity and inventories over time, which in turn 
can adversely impact many natural resources.  
 
The proposed rules and the ISOR do not appear to encompass real consideration of baseline 
conditions with regard to the status and plight of threatened and endangered species, nor do the 
proposed rules or the ISOR adequately address how forest management under the guise of a 
WFMP may affect these conditions and trends. There is an inherent presumption that the 
proposed rules will not have a significant adverse impact on the environment (See ISOR at p. 
106). Furthermore, as described in more detail below, the proposed rules do not contain adequate 
standards or safeguards regarding the identification and protection of threatened or endangered 
species within the WFMP assessment area.  
 
There are numerous examples of forest-associated species that are currently listed as threatened 
or endangered and that are well-known to be in decline based on the best available science and 
research that may be adversely affected by the lack of adequate standards and mitigations in the 
proposed rules.  
 
One well-known species that is experiencing well-documented declines in vital demographic 
statistics is the Northern Spotted Owl (“NSO”). The latest range-wide demographic study for the 
NSO (Forsman et al. 2011) (Attachment B), documents declines in reproduction, apparent 
survival, and overall populations in most study areas. Forsman et al. (2011) concludes that past 
and ongoing habitat loss, combined with increased competition from non-native invasive barred 
owls are partially responsible for these declines. (Forsman et al. 2011; Abstract). 
 
Anadramous salmonid species in California, particularly in coastal watersheds, are similarly in 
peril. For example, the National Marine Fisheries Service’s (“NMFS”) Final Recovery Plan for 
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the Southern Oregon/Northern California (“SONCC”) Evolutionary Significant Unit (“ESU”) of 
Coho salmon (National Marine Fisheries Service 2014) (Attachment C) notes that literally 
thousands of Coho once returned to Northern California and Southern Oregon rivers and streams, 
but that today, over three quarters of SONCC Coho salmon independent populations are at high 
risk of extinction. (NMFS 2014, at p. E-2). The 2014 SONCC Coho recovery plan includes and 
assessment of the 2010 Anadramous Salmonid Protection Rules (“ASP”) which currently 
regulate timber harvest activities on private ownerships within the range of the SONCC Coho. 
NMFS staff actively engaged and participated in BOF meetings and expressed concern to the 
BOF that the ASP rules, while resulting in some improvements to riparian protections, would not 
adequately protect anadromous salmonids until several inadequacies in the Forest Practice Rules 
were addressed (NMFS 2009). NMFS identified several weaknesses in the existing ASP rules, 
including the failure to address rate-of-harvest. The NMFS Final Recovery Plan for the SONCC 
Coho states: 
 

In addition, NMFS believes the use of scientific guidance will provide additional 
limitations on the rate of timber harvest in watersheds to avoid cumulative impacts of 
multiple harvests, and provide greater protections to ensure the integrity of high gradient 
slopes and unstable areas. This may include limiting the areal extent of harvest in such 
areas. (NMFS 2014, at p. 3-55). 

 
While the Board of Forestry continues to fumble around with its feeble attempts to tweak the 
language contained in Technical Rule Addendum No. 2 (cumulative impacts assessment), the 
Board is missing the larger picture related to the causes of, and the need to further regulate, the 
cumulative impacts of timber harvest activities on properly functioning habitat conditions for 
Coho and other listed salmonids.  
 
More recently, another forest-associated species has been proposed for listing under the federal 
Endangered Species Act (“ESA”) by the U.S. Fish and Wildlife Service (“USFWS”). The 
USFWS has proposed listing of the Pacific Fisher as a “threatened” species under the ESA. In its 
2014 Species Assessment Report for the Pacific Fisher, the USFWS cites large-scale loss of 
important habitat components for the fisher due to past ‘vegetation management’ and timber 
harvest, and current ‘vegetation management’ activities. (USFWS 2014 at p. 55). (Attachment 
D).  
 
Finally, past and contemporary forest management have had a devastating impact on the federal-
threatened and state-endangered Marbled Murrelet. Raphael et al. (2011) in Northwest Forest 
Plan—the first 15 years (1994–2008): status and trend of nesting habitat for the Marbled 
Murrelet (Attachment E) estimated a loss of about 13 percent of the higher suitability habitat 
present at baseline, (1994—Advent of Northwest Forest Plan) over this same period. Fire has 
been the major cause of loss of nesting habitat on federal lands since the Plan was implemented; 
timber harvest is the primary cause of loss on non-federal lands. (Raphael et al. 2011 at 
Abstract). The Marbled Murrelet is well-known to primarily rely on old growth and late 
successional forest types for its survival. Raphael et al. (2011) shows that habitat for the Marbled 
Murrelet continues to decline, and that this species continues to be in great peril. 
 
Neither the proposed rules themselves, nor the ISOR describing the rules appear to consider the 
potentially significant adverse individual or cumulative effects of forest management activities to 
be permitted under the WFMP regulations on these species, and fail to describe reasonable 
alternatives that would minimize or substantially lessen such impacts in violation of CEQA.   

7 
 



 
EPIC proposes that the Board return to the committee to draft regulations which include 
provisions needed, as outlined herein.  
 

B. The Proposed Regulations Fail to Define Several Terms Which Require 
Definition. 

 
The proposed regulations lack clarity and consistency because of the failure to define essential 
terms. These include those terms identified above – added carbon sequestration, sustainable 
production of timber and other forest products, maintenance of ecosystem processes and 
services, and rigorous timber inventory standards. (PRC § 4597(a)).  
 
In addition, there are terms used in the proposed rules which have not been defined, and are not 
clear in their use. These include:   
 

• “forestland stewardship” (1094.3); 
• “management objectives of the landowner(s)” (1094.6); 
• “baseline conditions” (1094.6(f)(1)); 
• “timber volume” (1094.6(g)); 
• “similar requirements” (1094.6(i)); 
• “LTSY plan” (1094.6 (m)(1)); 
• “address” (1094.6(n)); 
• “necessary deviation” (1094.8); 
• “physical environmental changes” (1094.8(h)); 
• “significant changes” (1094.16(d)(1)); and 
• “proprietary information” (1094.29(e)). 

 
All of these terms require definition in order to understand their specific meaning, as well as the 
rule or rule provision which uses these terms. Without definition, the rules which use these terms 
do not satisfy the APA standard of clarity. Moreover, as ambiguous terms, they may not protect 
the environment, because to the extent any one or all of them are intended to act as a 
requirement, that requirement cannot be satisfied without a definition. Thus, the lack of 
definition contributes to the failure to adequately evaluate potential significant adverse 
environmental effects, define mitigation, and evaluate feasible alternatives – all in violation of 
CEQA.      
 

III.  THE REGULATIONS VIOLATE APA STANDARDS AND CEQA.  
 
The following are comments on specific provisions of the rules which EPIC believes illustrate 
the lack of APA and CEQA compliance. Here EPIC focuses on what it believes are key 
substantive provisions which must be changed and amended before they can be adopted. 
 

A. The Proposed Rule Specifying WFMP Content Is Not Readily Clear, Defined, or 
Analyzed as Required by CEQA.  

 
In reviewing the proposed WFMP content rule, 1094.6, EPIC identified six substantive areas 
which we believe require changes in order to satisfy the APA and CEQA standards articulated 
above. These are: (1) LTSY, (2) water quality, (3) wildlife and protected species, (4) cultural and 
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historic sites, (5) cumulative impacts analysis, and (6) use of exceptions to standard rule 
requirements. For all of the provisions identified below, the ISOR failed to provide a reasonable 
and adequate discussion of potential significant adverse impacts, or necessary mitigation, or 
considered alternatives that could have eliminated or substantially reduced these potential 
effects, in violation of CEQA. 
 

1. Long Term Sustained Yield 
 
To begin, EPIC reiterates that a major flaw in the proposed rules is the failure to require an 
express statement of long term sustained yield. This is compounded by the failure to require an 
express statement to show how uneven aged management over time will be used and 
implemented. In addition, the following subsections are insufficient and require changes, as 
recommended here.  
 
Subsection (f) requires a description of the “planning horizon associated with the estimate of 
LTSY,” and “the period of time necessary to estimate achievement of LTSY.”  As worded, 
neither of these provisions are clear as to what is meant by the “estimate” for “achievement” of 
LTSY.  Does determination of LTSY depend on merely an estimate, unknown at the time of 
WFMP approval?  If that is so, the regulations need to identify the controls in place to ensure the 
WFMP objectives toward sustainability and uneven aged management will be achieved. We 
could find no requirement that the WFMP plainly state the time needed to achieve actual LTSY.  
This subsection must be clarified to have meaning, and provide better standards to specify 
LTSY. In the absence of controls, this provision leaves room for unrealistic estimates for 
achievement of LTSY, and does not provide for increased productivity of timberlands, or 
protection of resources – in violation of the APA.  And the ISOR fails to evaluate the potential 
for significant adverse impacts to resources from the lack of definition and controls. 
 
Subsection (g) requires a description of inventory design and timber stand stratification criteria 
which show that the projected inventory supports the growth and yield calculations used to 
determine LTSY “by volume.” “Volume” is never defined, so there is no clarity to the term 
“LTSY by volume.” Volume can be Scribner volume, board foot or cubic volume, or basal area 
volume. This must be clarified to provide uniformity in determining LTSY. Subsection (g) also 
provides three “minimum standards” which must be satisfied in the required description of 
inventory criteria. While (1) and (2) appear relatively straightforward, subsection (3) introduces 
further ambiguity, as it requires projections of LTSY “and volumes available for harvest,” 
without defining what kind of volume (e.g., Scribner, board or cubic foot, or basal area) is being 
projected.  It also provides that the projections for LTSY and volumes available for harvest by 
Stand or Strata shall be “aggregated for the area covered by the WFMP to develop the LTSY 
estimate.” This is unclear.  Stands grow at different rates, density, with different competition and 
site qualities. All may be different from one stand to the next, from one strata to the next, all 
within the area covered by one WFMP.  “Aggregating” does not take these differences into 
account and may result in skewed LTSY projections. This could result in failing to meet the 
statutory WFMP objectives, accompanied by adverse environmental impacts on resources such 
as timber, water quality, and protected species. Yet potential impacts of this language have not 
been analyzed are required by CEQA. These provisions must be fully defined and interpreted so 
as to protect timber and natural resources. 
 
Subsection (h) lacks clarity because, while it requires a description of the property and planned 
activities, it does not provide a time frame for those projections. Thus, for example, while 
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requiring information about the “projected timber volumes and tree sizes to be available for 
harvest,” there is no requirement to identify the time frame for these expected harvest potentials.  
Is this on an annual basis? For how many years?  This is necessary information to understand the 
accuracy and effectiveness of projected LTSY.  Subsection (h) does not define a time frame for 
projected volumes and tree sizes. The WFMP is permitted to extend into perpetuity; if perpetuity 
is the time frame then a statement that identifies reliable projected volumes into perpetuity is 
required. To be clear and consistent with the objectives of the statute, a defined metric should be 
articulated to monitor the volume and tree size projections over time. If projections into 
perpetuity are not the metric, then a realistic time frame must be established, at the end of which 
the WFMP must be reviewed for conformance to the projections.   
 
Subsection (h) also places no limits on the type of silvicultural method to be applied, even 
though the statute is clear that the WFMP is intended to achieve “uneven aged timber stand and 
sustained yield.”  PRC § 4597.2. Indeed, nowhere do the regulations actually limit or restrict 
silvicultural methods to uneven-aged management. This is contrary to the plain language of the 
statute to achieve uneven aged management.       
 
Subsection (m) requires information for management units, including identification of the acres 
and estimated growth and yield for each planned harvest entry covering the period of time 
necessary to meet growth and yield objectives. The regulations do not require the WFMP to 
plainly state the period of time necessary to achieve growth and yield. This can have adverse 
environmental impacts because the WFMP is a perpetual plan, and without required time frames, 
adherence to the policies to ensure protection of the environment, such as sustained production 
of timber and other forest resources, may be forestalled.  
 
To further illustrate the lack of clarity for LTSY, subsection (p) requires the WFMP to describe 
“a future schedule of inventory sampling and analysis of LTSY.” We interpret this provision to 
provide some kind of monitoring measure to evaluate the LTSY projections as the WFMP is 
implemented. However, there is no requirement here, or elsewhere, that specifies the time frame 
for such a schedule of inventory sampling and analysis of LTSY. In the absence of any 
meaningful time frame, this measure fails to provide the necessary structure to ensure that LTSY 
and sustained yield is being achieved.  Moreover, there is no provision here or elsewhere which 
requires disclosure of volumes actually harvested, as opposed to “projections” of yield. This 
information is necessary to ensure that LTSY - and thus the WFMP objective for sustainability - 
is being achieved. Absent this, the subsection undermines and obfuscates the legislative directive 
and threatens ecological processes. 
 

2. Water Quality Protection 
 
Subsection (h) fails to require information about potential erosion sites, even though such 
disclosure and analysis should be readily available upon an adequate field inspection. This 
failure leaves the proposed rules in direct conflict with requirements of the recently-adopted 
“Road Rules” package. This oversight raises the potential for significant adverse environmental 
effects from this regulation which has not been evaluated in the ISOR as required.      
 
Subsection (h) authorizes reliance on so-called “similar requirements of other applicable 
provisions of law” in lieu of providing the required description of methods used to avoid 
significant sediment discharge to watercourses. However, in the absence of a definition for 
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“similar requirements,” this exemption renders the provision unclear and ambiguous, and may 
result in significant adverse impacts to the environment which are not analyzed in the ISOR. 
 

3. Protection of Wildlife and Other Vulnerable Listed Species     
 
Subsection (l) requires disclosure only of “known locations” of listed or protected plant and 
animal species and their key habitats. This is insufficient, and fails to meet the statutory objective 
to maintain ecosystem processes (PRC § 4597(a)(5)), and protect fisheries and wildlife habitats 
(PRC § 4597.1(j)). There is no requirement to conduct an investigation or protocol surveys to 
determine the presence of protected and listed species or their habitat. This is an omission that 
must be corrected to ensure that the WFMP satisfies the legislative intent and does not cause 
adverse impacts to protected and listed species.  
 
Subsection (n) provides standards for LTSY projections which project a reduction in trees 
greater than 12 inches dbh or reduced inventories of Major Stand Types or for a percentage of 
Stands or Strata. In those circumstances, the WFMP must provide an “assessment” which 
“addresses” listed and protected species and their habitat needs. It is entirely unclear what it 
means to “address” these resources. If the intent is to ensure that these vulnerable species are 
protected when tree size and quantity are significantly reduced, then the regulation must provide 
standards to ensure protection. In the absence of having to actually look for species subsection 
(l), merely “addressing” these vulnerable species is not sufficient. Absent some  standard to 
credibly evaluate potential impacts from reduced tree and stand size, this provision poses threats 
to protected and listed species and their habitat needs which constitutes a potential significant 
environmental effect which has not been analyzed or mitigated as required by CEQA and Board 
rules.   
 
As described above, both past and contemporary forest management are important factors 
contributing to the decline of many threatened and endangered fish and wildlife species. The lack 
of clarity and adequate standards in the proposed rules has the potential to result in significant 
adverse individual and cumulative effects to these species and their habitats. The proposed rules 
and the ISOR describing the rules fail to provide a mechanism for analysis of, disclosure of, and 
mitigation to insignificance of potentially significant adverse impacts to threatened and 
endangered species and thus violate CEQA. 
 

4. Failure to Ensure Protection of Archeological, Cultural, and Historic 
Sites 

 
Subsection (q) suffers from the same inadequacy as for protected species. By only requiring 
description of “known” cultural or historical resources, the WFMP fails to ensure protection for 
these resources. Surveys and field investigations should be required.   

5. Lack of Cumulative Impacts Analysis in WFMP 
 
Subsection (w) is confusing because it simply requires the WFMP to include a “description of 
the cumulative impacts analysis.” The WFMP must provide a cumulative impacts assessment 
pursuant to Technical Rule Addendum No. 2. (14 CCR § 898; 14 CCR 912.9). Yet the proposed 
subsection permits the WFMP to include only a description of that analysis. The full analysis as 
required by the Forest Practice Rules and CEQA must be included in the WFMP, and any 
requirement less than that violates the Forest Practice Act and CEQA.  
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6. Allowance for Exceptions to Standard Requirements Places Resources at 

Risk 
 
Subsections (y) through (z), (bb) through (ee), and (ii) are provisions to authorize exceptions to 
standard FPA rule provisions in certain circumstances.  These subsections are unclear as to 
whether they are intended to apply to the entire area covered by the WFMP, identified 
Management Units, or only to specified location stated in the WFMP.  Such exceptions appear 
contrary to the Legislative intent and purpose of the WFMP; authorizing the WFMP to utilize 
exceptions and alternative practices for all time poses a real – and unanalyzed – threat to the 
environment.  Moreover, permitting exceptions for all time is contrary to the Legislative intent to 
encourage prudent and responsible forest management – with increased productivity of 
timberland. (PRC § 4597(a)(1), (3), (5)).    
 
These subsections are contrary to the APA standards for necessity, consistency and clarity, and 
have not been properly evaluated pursuant to CEQA. They pose the risk, over time, of causing 
significant adverse environmental effects. These exceptions, for example, if they are to be 
allowed as permanent standards, must be assessed in the context of the best science detailing 
what our forests can expect in 10, 20, 30 and 50 years from now due to climate change and other 
conditions.  
 
Subsection (ii) authorizes certain exceptions, for tractor operations on steep and unstable slopes 
and lands, roads and skid trails to be located in watercourse zones, to be approved as “standard 
operating practices.” This standardized ‘permission’ has not been properly analyzed under 
CEQA for the potential for significant impacts. It permits use of an undefined “deviation,” with 
alternative mitigation to be incorporated into the WFMP—without any mention of public review 
and comment. Mitigation is required to remedy significant environmental impacts.  If there is a 
need for mitigation, there is a need for CEQA review. This provision ignores that requirement, 
and its process is contrary to the APA and CEQA.      
 
 

B. The Proposed Rule for WFMP Annual Notice Is Not Readily Clear, Defined, 
or Analyzed as Required by CEQA.  

 
The WFMP is to be implemented through submission of an annual notice, which permits 
operations immediately upon submission. (PRC § 4597.11; proposed rule 1094.8.) Like the 
WFMP, it must be a public record.  As identified above, terms in the provisions for the WFMP 
Notice are not defined.  The proposed annual Notice requirement also does not require 
information to document what has already occurred to implement the WFMP or to identify new 
conditions or potential impacts. In this way, the Notice does not provide a clear statement of the 
information needed to ensure that the Legislative intent to encourage increased productivity of 
timberlands (PRC § 4597(a)(3)), and to establish uneven aged management and sustained yield 
through the implementation of the WFMP. (PRC § 4597.2).      
 
At the outset, the proposed Notice rule directs that “[a]l necessary deviations shall be approved 
by the Director prior to submission” of the Notice. The proposed rule does not define what 
constitutes a “necessary” deviation, and whether a “necessary” deviation is a substantial, minor 
or some other kind of deviation. The proposed rule also does not define who decides what a 
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necessary deviation is or what process the Director must use to approve a “necessary” deviation.  
This provision lacks clarity. 
 
The proposed Notice provisions suffer from many of the same defects as in the proposed WFMP 
content rule. For LTSY and sustained yield, the proposed Notice rule lacks any disclosure of 
volumes and tree sizes available for harvest. This information is necessary to document what has 
occurred, and what timber operations have been or are proposed to be conducted to achieve the 
long-term objective of uneven aged management and LTSY. The WFMP requires a one-time 
description of projected timber volumes and tree sizes to be available for harvest and frequencies 
of harvest. (PRC § 4597.6(h)). The annual Notice, to be meaningful, needs to provide an annual 
record toward and update to those projections, to evaluate WFMP compliance. While subsection 
(l) requires a statement that the Notice conforms to the provisions of the WFMP, it does not 
require data to support this conclusion. That statement must be based upon actual substantial 
evidence. At a minimum, the Notice should include a statement identifying what volumes and 
tree sizes are available for harvest, in relation to the WFMP projections, and evidence 
documenting efforts to achieve the LTSY.    
 
For wildlife and protected species, subsection (g) requires only review of public sources and 
databases to report whether there are any “known” occurrences of these species. While this 
subsection does refer to a species which has or has not been “discovered” there is no affirmative 
duty to conduct a protocol survey or other investigation to look for these protected species. This 
is necessary to fulfill the legislative intent to promote forestland stewardship which protects 
fisheries and wildlife habitats. (PRC § 4597.1(j)). 
 
Similarly, subsection (f) permits a statement that no archaeological sites have been discovered, 
without a corresponding duty to conduct some kind of survey to determine if such sites do exist.  
 
Subsection (h) requires a statement, based on a field evaluation, that “there are no physical 
environmental changes” in the Notice area “that are so significant as to require any deviation of 
the WFMP.” The proposed rule do not define what is meant by “physical environmental 
changes” and what that term may encompass. The lack of definition makes this subsection 
confusing and without clarity, as no thresholds are provided. The provision is also unclear 
because earlier in the proposed rule it is clear that there can be no outstanding “necessary 
deviations” once the Notice is submitted. Whether “necessary deviations” means the same as or 
something different from “physical environmental changes” is not known, adding to the 
confusion. Since the submission of the Notice permits operations to commence immediately, in 
the absence of clear standards or thresholds, there is no ability to evaluate whether the statement 
is accurate. As with other provisions, evidence must be provided which documents that a field 
evaluation was conducted of the entire area covered by the Notice, and documents the conditions 
observed during the field evaluation. 
 
For water quality protection, subsection (m) is good because it, unlike so much else, requires an 
“updated” erosion control implementation plan. However, it too does not require any actual 
evidence upon which conclusions as to current conditions are based. The mapping requirement 
under subsection (s)(10) perpetuates the deficiency in the WFMP - to require mapping only of 
“known” unstable areas or slides, rather than also documenting locations which are potentially 
unstable or at risk. This must be expanded to require identification of “potential” unstable areas. 
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Subsection (r) requires description of the WFMP exceptions which have “standard operating 
practices,” without requiring evidence or data that documents the continued justification for such 
exceptions. The Notice rule should include a requirement for some evidence to justify the 
continued need for the exceptions.    
  
The proposed Notice regulation does not require a statement disclosing whether there are any 
ongoing operations in the WFMP area. As a result, it is unclear to what extent more than one, or 
several, areas within the WFMP may be under operation in any given year. This poses the 
potential for significant cumulative impacts which would need to be evaluated, yet there is no 
requirement for the disclosure or evaluation of multiple operations.   
 

C. The Proposed Rule For Substantial Deviations Is Not Readily Clear, Defined, 
or Analyzed as Required by CEQA.  

 
Proposed rule 1094.23 outlines the circumstances under which a change to the WFMP shall be 
deemed a “substantial deviation.” Subsection (c) provides examples of such deviations, including 
“[c]hange in location of timber harvesting operations or enlargement of the area or volume 
planned to be cut.” (Emphasis added). However, no threshold for a change in the “volume 
planned to be cut” is included. A threshold must be established, such as the 10% standard used 
for a Sustained Yield Plan in section 1091.13(a).   
 
In addition, this subsection also reveals the lack of an effective annual monitoring component 
that documents the volume cut in any given year. This reporting is necessary to keep track of 
what volumes may be cut going forward, and to determine whether the growth and yield 
projections are accurate or need adjusting to maintain LTSY.  
 

D. The Proposed Rule for Stocking Standards Fails to Meet the Intent of the 
Statute and Is Not Readily Clear, Defined, or Analyzed as Required by 
CEQA.  

       
The Legislature authorized the WFMP as a tool to achieve “increased productivity of 
timberland.” (PRC § 4597(a)(3)). Proposed rule 1094.27 (a) is inconsistent with this intent 
because it permits stocking to be satisfied using minimum stocking standards, rather than require 
an increase in productivity over time. To “increase productivity” means to require a standard 
higher than just “maintaining” minimum stocking standards, which is what subsection (a) 
authorizes. This is not authorized by the WFMP statutes, and was not analyzed in the ISOR for 
its potential to cause significant adverse environmental impact to the environment. This will not 
“benefit” the environment, and as the potential to degrade the environment by not doing as 
contemplated by the Legislature – to increase timberland productivity and utilized uneven aged 
management.  
 

E. The Proposed Rules for the Five Year Review is Inconsistent with the Statute 
and Is Not Readily Clear, Defined, or Analyzed as Required by CEQA.  

 
Proposed rule 1094.29 sets forth provisions for what is called a “Five (5) Year Review of the 
WFMP” (“5-Year Review”). This section is not clear, particularly as to the contents of the 
summary and 5-Year Review. The Legislature directed the board to adopt regulations for this 
specific section, and the proposed regulation fails to meet this duty, satisfy APA standards of 
clarity, or ensure CEQA compliance.  
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First, the proposed rule is not consistent with the statute, Public Resources Code section 4597.12.  
By statute, the Department is to first develop a summary, and then conduct the 5-Year Review. 
(PRC § 4597.12(b) [“develop a plan summary before each five-year review”]). (Emphasis 
Added). Proposed rule 1094.29 (a) and (b) make a mismash of this clear process, obfuscating 
when the summary is done in relation to the 5-Yer Review.    
 
Second, the proposed rule fails to be clear as to the public’s right of review. The statute provides 
that the public shall have a right to review the summary and provide comment for the 5-Year 
Review. (PRC § 4597.12(c)). However, joining in subsection (b) the “summary” and 
development of the 5-Year Review, the proposed rules deprive the public of its 30-day right of 
review as contemplated in subsection (a). The public must be given an adequate period of review 
for the summary, to provide input into what information the review team agencies and the 
Department need to consider in conducting the 5-Year Review. And, the public should be given 
a right to comment upon whatever document encompasses the 5-Year Review.  
 
Third, the rules are not clear as to what is to be included in the “summary” preceding the 5-Year 
Review, or what shall be included in the 5-Year Review. If the summary is the document from 
which the 5-Year Review is to be conducted, a clear statement is necessary in order for the 
public to exercise its role to present “additional information relevant to the purpose of the five 
(5) year review,” as stated in subsection (a). And the required contents for a 5-Year Review must 
be delineated. 
 
It is unclear whether a 5-Year Review will include the information outlined in subsections (b) or 
(c) , i.e., number of WFMP Notices, the acreage operated under each WFMP Notice, the 
violations received, the volume harvested in relation to projections of harvest in the WFMP. The 
only information that the review team is actually required to analyze is “significant episodic 
events occurring during the previous 5 years.” (1094.29(c)). The proposed rule needs to be clear 
as to what is to be included in the 5-Year Review and whether it is only a “summary” or 
something more. The proposed rule needs to specifically identify what information must be 
reviewed by the review team and be made equally available for public review.    
 
Subsection (d) provides three distinct and valid reasons why the Department “shall provide 
written comments that a review of the WFMP content and procedures may be necessary”: (1) 
notices of violation have been issued; (2) the 5-Year Review indicates potentially significant 
adverse impacts to the environment may occur from continuance of the WFMP; or (3) the 
Department is presented with a fair argument that a project may have a significant adverse 
impact on the environment. However, the subsection provides no standards or process for the 
“review of the WFMP content and procedures.” These are required, to make the proposed rule 
meaningful and clear. It is unclear if this subsection is referring to the “5-Year Review,” or 
something else. The proposed rule is also not clear as what process the Department uses to 
“confer” with the Designated Agent. This provision must be clarified, and the process must be 
transparent and subject to public review.   
 
Subsection (e) is a restatement of the subsection (d) of the statute. (PRC § 4597.12 (d)). 
However, it conflicts with other provisions of the statutory scheme and proposed rules.  The 
WFMP “shall be a public record.”(PRC § 4597.2; proposed rule1094.3). That means all the 
information identified in proposed rule 1094.6 is a public record.  Similarly, the WFMP Notice is 
a public record. (PRC § 4597.11, proposed rule 1094.8). The 5-Year Review is based upon a 
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review of this public information. Subsection (e) authorizes a WFMP landowner to prevent 
public disclosure of “proprietary information.” Permitting a landowner to not disclose undefined 
information, which is completely relevant to a determination of WFMP compliance, is contrary 
to the fundamental premise of the Forest Practice Act and CEQA to require public access and 
review.  
 

CONCLUSION 
 

The proposed WFMP rules are inconsistent with the enacting statute by failing to provide 
“rigorous timber inventory standards,” and fail to comply with basic CEQA and APA 
requirements. The proposed rules are inadequate to ensure LTSY, and are inadequate to provide 
for wildlife and water quality protection and enhancement. EPIC therefore recommends that the 
proposed WFMP implementing rules be remanded back to the Management Committee for 
additional work to address the deficiencies identified. 
 
EPIC appreciates the opportunity to provide these comments, and requests a written response. 
Please do not hesitate to contact me at the number provided below should there be questions. 
 

Sincerely,  
 

 
Rob DiPerna 
California Forest and Wildlife Advocate 
 
Environmental Protection Information Center 
145 G Street, Suite A 
Arcata, California 95521 
Office: (707) 822-7711 
Email: rob@wildcalifornia.org 
 
Enc. – See Attachments List 
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Sent via e-mail to george.gentry@fire.ca.gov on date shown below 
 
 

April 7th, 2014 
 
Mr. Stuart Farber, Chair 
Management Committee  
California Board of Forestry and Fire Protection 
P.O. Box 944246 
Sacramento, CA 94244 
 
 
Re: EPIC comments regarding proposed regulatory language for implementation of 
Assembly Bill 904 “Working Forest Management Plan” 
 
 
Dear Chairman Farber and Committee Members: 
 

The Environmental Protection Information Center (EPIC) has reviewed a “February 17, 
2014 Draft” set of regulations for the “Working Forest Management Plan,” hereinafter referred 
to as “Draft Regulations.”  We believe it is important that the implementing regulations provide 
an adequate structure for AB 904's goal to ensure long term benefits and require rigorous timber 
inventory standards for non-industrial landowners who may choose to develop the “Working 
Forest Management Plan” (WFMP).  In an effort to assist in achieving the legislation’s intent, 
EPIC provides the following comments and suggestions for development of regulations to 
implement AB 904. 

 
It is equally important that the implementing regulations provide for documentation of 

conditions in a manner that is consistent with common & current professional practice and 
organization for planning documents.  This includes documentation of conditions and recovery 
measures necessary for compliance with the laws which AB 904 identifies as requiring 
compliance, including CESA, CEQA and Porter-Cologne Water Quality Act. 
 
I. Legislative Intent Must Guide Development of Regulations. 
     
 The WFMP is intended “[t]o ensure long-term benefits such as added carbon 
sequestration, local and regional employment and economic activity, sustainable production of 

mailto:george.gentry@fire.ca.gov
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timber and other forest products, aesthetics, and the maintenance of ecosystem processes and 
services,” and thus “shall comply with rigorous timber inventory standards that are subject to 
periodic review and verification.”  PRC § 4597(a) (5), emphasis added.  The Legislature 
specifically requires that the governance of the WFMP “shall be implemented in a manner that 
complies with the applicable provisions of this chapter and other laws, including, but not limited 
to, the Timberland Productivity Act of 1982 (Chapter 6.7 (commencing with Section 51100) of 
Division 1 of Title 5 of the Government Code), the California Environmental Quality Act 
(Division 13 (commencing with Section 21000) of the Public Resources Code), the Porter 
Cologne Water Quality Control Act (Division 7 (commencing with Section 13000) of the Water 
Code), and the California Endangered Species Act (Chapter 1.5 (commencing with Section 
2050) of the Fish and Game Code).” Id. (b). These important requirements are not included in 
the NTMP statute.  See PRC § 4593.  
 
 AB 904 authorizes the Board of Forestry to not only adopt regulations for specific 
sections, but also to adopt any regulations “needed to implement this article . . .”  PRC § 
4597.20.  It is therefore very important to develop provisions which implement the WFMP 
statute, and are not largely only a regurgitation of the existing NTMP regulations, as they would 
be insufficient to implement the statute.      
 
 Our comments first identify the statutory provisions which require interpretation and 
guidance and how in our view the Draft Regulations have or have not provided this interpretation 
and guidance. We then provide a review of specific provisions of the Draft Regulations which 
have not already been addressed. 
 
II. AB 904 Statutory Provisions Require Interpretation and Guidance. 
  
Section 4597 (a)(5) - Legislative intent  
 
 The statute provides that to “ensure long-term benefits,” such as “added carbon 
sequestration,” “sustainable production of timber and other forest products,” and the 
“maintenance of ecosystem processes and services,” the working forest management landowner 
“shall comply with rigorous timber inventory standards that are subject to periodic review and 
certification.”   
 
 Regulation is needed to identify and/or provide these “rigorous standards.”  While some 
of the content of the statute (i.e., § 4597.2(c) )may be viewed as providing standards, even if 
fully adopted as regulation, they do not provide sufficient guidance and interpretation.     
 
 It is not clear whether Draft Regulations section 1094.6 subsection (d) is intended to 
provide these “rigorous standards.”  As an initial matter, the Draft Regulations are unclear and/or 
wrongly formatted, as there is a subsection (d) on page 5 and another on page 6. The subsection 
(d) on page 6 appears to be the intended version. This version suffers from ambiguity, in that 
while it requires a “description of the plan area within which timber operations are to be 
conducted,” it then lists numerous items that go beyond a description of the plan area, requiring 
information as to what activities, operations, and measures are proposed, rather than the required 
description of the plan area.  It would make better sense to require first a description of the plan 

http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000211&cite=CAGTS51100&originatingDoc=NE38F67B0353211E3A1469B0034AA6C40&refType=LQ&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000211&cite=CAGTS51100&originatingDoc=NE38F67B0353211E3A1469B0034AA6C40&refType=LQ&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000220&cite=CAPHS21000&originatingDoc=NE38F67B0353211E3A1469B0034AA6C40&refType=LQ&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000226&cite=CAWAS13000&originatingDoc=NE38F67B0353211E3A1469B0034AA6C40&refType=LQ&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000226&cite=CAWAS13000&originatingDoc=NE38F67B0353211E3A1469B0034AA6C40&refType=LQ&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000209&cite=CAFGS2050&originatingDoc=NE38F67B0353211E3A1469B0034AA6C40&refType=LQ&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000209&cite=CAFGS2050&originatingDoc=NE38F67B0353211E3A1469B0034AA6C40&refType=LQ&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.Search)
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area, and then separately provide the requirements to identify the proposed activities, operations, 
methods, etc. 
  
 Separate from these concerns, however, is the failure to adequately bring forward the 
intent of Public Resources Code Section 4597.  The “rigorous timber inventory standards” need 
to be defined and identified as such, and provisions must be included to ensure their “periodic 
review and certification.”  PRC § 4597(a)(5).  The Legislature provided some guidance as to 
what are relevant standards. PRC § 4597.2(c). These too require interpretation and effective 
regulation.  We believe the Draft Regulations need to establish rigorous and enforceable 
standards. 
 
 In providing this guidance, it is important that the maintenance of ecosystem processes 
and services includes provisions that adequately describe those processes and services and   
their maintenance in the context of the 14 CCR 916(b) , as well as the Porter-Cologne definition 
of Water Quality Control:  ". . .  protection and  correction of water pollution and nuisance."  A 
comprehensive description of the plan area is key.  Mandatory compliance with 14 CCR 916.4 is 
necessary. 
 
Section 4597.1 - Definitions  
 
 AB 904 did not define what it meant by “long-term benefits” such as “sustained 
production of timber and other forest products,” “added carbon sequestration,” “ecosystem 
processes,” and “ecosystem services.”  The Board needs to give definition to and provide 
parameters for these terms if the objectives are to be satisfied, as they are at the heart of the 
WFMP.   
 
 In addition, the definition of “sustained yield” provided in the Draft Regulations section 
1094.3 should be amended to address the use of the word “commercial.” It is unclear what that 
term means; it is clear that the WFMP is limited to non-industrial timberlands.  At a minimum, 
the definition should refer to “non-industrial commercial timberland.”   We note that the 
definition of “sustained yield” is not a substitute for a definition of “sustained production of 
timber and other forest products.” 
 
Section 4597.2 - WFMP Contents 
 
 As a general comment, the Draft Regulations section 1094.6, identifying the WFMP 
content, in large part either use the same provisions as in the NTMP content regulations, or 
simply restate the language in Public Resources Code Section 4597.2 in defining the WFMP 
content.  As the NTMP is a different kind of plan, which does not require all of the rigorous 
standards as in the WFMP, incorporating some of the NTMP provisions may be confusing and 
inaccurate.  We note those below, as appropriate, when discussing specific sections.  
 
 And while there is nothing inherently incorrect with merely restating the legislation, the 
Board as the regulatory body is duty bound to provide adequate interpretation and clarity in order 
to ensure that the Legislative objectives are satisfied. This is why the Legislature gave the Board 
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the right to adopt any regulations “needed to implement” AB 904. There are certain areas in 
particular where this interpretation is needed, as discussed herein.   
 
 Overall, the format and accessibility of a WFMP is key.  It should include a table of 
contents, and be readily accessible through internet  

 
Long-term sustained yield estimate and/or plan. 

 
 The statute requires information used to “determine long-term sustained yield” 
(subsection (c), (c)(3)), and refers to (1) “long-term sustained yield estimates” (subsection 
(c)(3)), (2) “long-term sustained yield projections” (subsection (i)(2)(A)), and (3) a “long-term 
sustained yield plan” (subsection (i)(1)(A)).  While the statute does not then expressly require a 
“long-term sustained yield estimate” or “long-term sustained yield plan,” it surely is implied that 
a proposed “long-term sustained yield” will be provided, and that the WFMP will include a 
“long-term sustained yield plan.”  The Draft Regulations do not provide this, and perpetuate the 
confusion by simply repeating the language of the statute.  Compare PRC § 4597.2(c), (f), (i)(A) 
with Draft Regulations § 1094.6(d)(6), (9), (13).  We do not find in the Draft Regulations, for 
example, an express requirement in section 1094.6 to even identify the “long term sustained 
yield.” This must be required, and based on the language in AB 904 Section 4597.2 a WFMP 
must include a “long term sustained yield plan.” The Board needs to adopt regulations to 
implement this requirement.  Absent this, there is no real way to verify compliance over time.   
 

Impacts to species and species habitat. 
 
 The statute requires the WFMP’s “long-term sustained yield projections” to include an 
“assessment” which “addresses” listed and other species that could be adversely impacted by 
potential changes to habitat (subsection (i)(2)(C)(i)), species habitat needs (subsection 
(i)(2)(C)(ii)), and constraints to timber management etc. (subsection (i)(2)(C)(iii)).  Regulations 
are needed to interpret what is meant by an “assessment” and “address[ing]” these resources and 
potential impacts.  For example, how is the WFMP to “address” these resources; what standards 
are to be applied; what criteria?  Unfortunately, the Draft Regulations provide no insight or 
interpretation, as they merely adopt the statute’s language.  Compare PRC § 4597.2(i)(2)(A) with 
Draft Regulations § 1094.6(d)(15).   Regulations are needed to make clear what is required and 
what standards will apply to the assessment.   
  

Similarly, subsection (i)(2)(C)(iii) refers to the “cumulative impacts assessment,” yet it is 
not specifically required by the statute and the Draft Regulations simply adopt the statute’s 
language.  A cumulative impacts assessment should be and needs to be expressly required – with 
its measurable required contents . Mere reference to the term “plan” at the outset of the Draft 
Regulations is insufficient to impose this requirement.  e cumulative impacts assessment is  
required because the language in Draft Regulations section 1094.6(d)(12) requires disclosure of 
state or federally listed threatened, candidate, endangered, or rare plant or animal species located 
within the “biological assessment area.”  Presumably, that is intended to refer to a biological 
assessment area within a cumulative impacts analysis, but absent an express requirement for such 
an analysis, that term is unclear.  
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4597.6 - Review Process for WFMP. 
 
 There are provisions within this statute which need regulatory interpretation. 
 

Initial Inspection. 
 
 Subsection (b)(2), while somewhat in-artfully written, does require an initial inspection.  
The Draft Regulations simply adopt its language, § 1094.18(d)(2), without providing any 
guidance as to the scheduling of the initial inspection in a manner that involves all public 
agencies who have expressed a desire to participate in the inspection.  This is needed to ensure 
that adequate review team agency participation and review occurs.   
 

Appeal of denial. 
 
 Subsection (c) refers to the right to a “hearing” before the Board of Forestry, should a 
WFMP be denied.     
 
 Subsection (e)(1) refers to the ability of the working forest landowner to request, and the 
Board to conduct, a public hearing when the WFMP has been denied.  Subsection (e)(4) then 
refers to an “appeal to the board.”   
 
 The Draft Regulations use this same language. §§ 1094.18(e)(1)-(h).  These provisions 
are confusing at best.  Does the landowner have a right of appeal, or merely a right to request a 
hearing?   This is clearly an area where the Legislature needs the Board’s assistance to interpret 
the statute and make it clear, to clarify and make consistent that the landowner’s right to a 
hearing is a right of “appeal” which includes the public hearing.        
 
 Subsection (c) also provides that if the director denies the WFMP, s/he shall “state the 
reasons” for the denial.  Subsection (e)(3) provides that if the Board overturns the director’s 
denial, it shall prepare “findings and its rationale” for overturning the decision.  Again, the Draft 
Regulations simply adopt this language, failing to provide consistency and transparency for these 
decisions, by requiring that the director adopt “findings and rationale.” Draft Regulations § 
1094.18(e), (g).  In addition, EPIC believes it is necessary that both the director’s findings and 
the Board’s findings are issued publicly and made available in the same manner that all the other 
notices are posted.   
 
 Subsection (e)(4) provides that if the WFMP denial is upheld, then the director shall 
notify the landowner as to what changes are needed.  The Draft Regulations provide nothing 
further. § 1094.18(h).  Regulation is needed to require findings by the Board of Forestry to 
identify any reasons it may have, in addition to or different from those provided by the director’s 
statement of reasons (findings and rationale) that may become clear as a result of the appeal and 
public hearing process.   
 
 Regulation is also needed to clarify the process for a post-appeal review including 
provisions for a post-appeal inspection should it become necessary and for inter-agency review.   
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4597.7 - Substantial deviations 
 
 This section specifically requires the Board to define actions that would be considered to 
“substantially deviate[]” from the approved WFMP.   Draft Regulations section 1094.15(b) 
provides the same definition of “substantial deviation” as in 14 CCR § 895.1.  EPIC believes that 
more thought needs to be given to this section, to include criteria to identify substantial changes 
to the core provisions of AB 904 such as the rigorous timber inventory standards and LTSY, as 
well as the need for increased carbon sequestration, local and regional employment and 
economic activity, sustainable production of timber and other forest products, and the 
maintenance of ecosystem processes and services.       
 
4597.8 - Non substantial deviations 
 
 This section specifically requires the Board to “specify, by regulation, those 
nonsubstantial deviations that may be taken.”  The Draft Regulation section 1094.15(a) appears 
to be nothing more than what already exists in the NTMP regulation 1090.14(a).  This is 
insufficient, as the WFMP is intended to be much more rigorous than the NTMP, particularly 
given its very large acreage of up to 15,000 acres.  A clear standard must be used to define what 
is insignificant, so as to not seriously affect the key objectives of a WFMP.  Section 1094.15(a) 
is unclear as well, failing to define or provide standards for what may be “minor in scope” and 
what may be presumed to be “reasonable.”  Better regulation is needed to limit the potential for 
abuse of so-called “minor” deviations.    
   
4597.10 and 4597.16 - Cancellation/Termination of WFMP 
 
 This section authorizes the landowner to cancel the WFMP, but provides no process by 
which that is to occur, other than through a written notice.  Draft Regulations section 1094.28 
adopts this language, without providing interpretation or guidance as to what kind of notice is 
provided, whether it must be circulated by the Department for review, whether other agencies 
and/or the public are entitled to receive this notice for the purpose of ensuring compliance with 
“rigorous timber inventory standards,” adopted commitments for sustainability, ecosystem 
maintenance, added carbon sequestration, wildlife protection, etc.  Since the overall legislative 
intent is to ensure long-term benefits and verification of WFMP provisions, a regulatory process 
must be adopted to provide this in the event a landowner wants to cancel the WFMP.  It is 
insufficient to simply allow for satisfactory completion of any given notice of operations.  
 
 Subsection (a) of section 1094.28 adopts the language of AB 904 Section 4597.16.  Just 
as regulations are needed to define a process for landowner cancellation, so too regulations are 
needed to define what standards and process CalFire may use to cancel a WFMP.  This process 
must include criteria to evaluate the WFMP in conjunction with the rigorous inventory standards 
and other objectives which the WFMP is intended to meet.  Regulation is needed to provide 
standards to evaluate for satisfying these objectives, and to also ensure that if a WFMP is 
cancelled, whatever mitigation and protection measures required by the WFMP are fully 
satisfied, so that a landowner may not simply walk away from commitments which were 
incorporated to ensure the long-term benefits identified by the legislature.   
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4597.11 - WFMP Notice  
 
 This section outlines the contents for the notice to operate under an approved WFMP.  
Once again, the Draft Regulations largely simply adopt the statutory language, without providing 
needed guidance and interpretation. Compare PRC § 4597.11(a) - (l) with Draft Regulation § 
1094.8(a) - (m).  Many of the statutory provisions need interpreting regulations. 
 
 Subsection (e) provides for a “statement” that no archaeological sites have been 
discovered in the harvest area since the approval of the WFMP.  However, the WFMP contents 
outlined in Draft Regulation section 1094.6 make no reference to “archaeological sites,” 
referring only to “cultural or historical resources.”  The current regulations do not define any of 
these three terms.  Regulations are needed to clarify that the results of a search for 
“archaeological sites” must be documented in the WFMP. 
 
 Subsection (f) also provides for a “statement” that protected and listed species “have not 
been discovered,” and specifies requirements for disclosure of documented occurrences of these 
species and development of take avoidance and mitigation measures if this information is not 
provided in the approved WFMP.  It goes on to specify a requirement to report “documented 
occurrences of the species” as obtained from publically available sources, but does not require an 
actual search for these protected species within the WFMP area or the area proposed for 
operations.  
 
 These two subsections do not expressly require a plan area “search” or “survey,” yet it is 
obvious that to make the required “statements” some search must have been done.  Regulation is 
needed to clarify that an actual on-the-ground search for archaeological sites and these protected 
plant and animal species must be conducted and documented in the Notice.  This search should 
be done within the proposed area of operations as well as through the review of public and 
readily available sources of information, including management area review.  Otherwise, the 
landowner may make the statement that the sites and/or species have not been discovered, 
without any search.  
 
 Similarly, subsection (g) provides for a statement that “no physical environmental 
changes in the harvest area [ ] are so significant as to require any amendment” of the WFMP.  
Regulation is needed to clarify that an assessment and review of the land covered by the WFMP 
and proposed area of operation under the notice has been conducted to determine whether there 
are significant physical environmental changes which require a WFMP amendment.    
 
 Subsection (j) requires statement of “special provisions to protect unique areas within the 
area of timber operations,” but as with previously noted subsections, fails to require the 
elemental step to actually determine if any “unique areas” are within the area of timber 
operations.  A requirement to determine if unique areas exist must be included. 
 
 Subsection (m) requires an update on erosion control mitigation measures “if conditions 
have changed.”  Regulation is needed to interpret and provide standards for what constitutes 
“changed” conditions.    
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 Draft Regulation subsection 1094.8(n) appears to be simply repeating what is in the 
statute, requiring any other information the Board may require by regulation. This appears 
unnecessary. 
 
 There is a second subsection “m” to Draft Regulation section 1094.8, on page 17, which 
appears to include some of the same requirements as for an NTMP.  It is unclear, in the absence 
of effective regulation to ensure that the objectives of AB 904 will be implemented, to know 
whether some of these provisions and what they may allow in terms of operations are 
appropriate.  We note that in the version we have reviewed, for subsection (m)(3)(2) there is a 
comment which reads “Delete regeneration methods to alleviate need to map unevenaged 
silviculture.” We do not understand why such a deletion would be appropriate, as a prime 
objective of the WFMP is to achieve uneven aged timber stands, and thus mapping those stands 
would seem advantageous toward documenting compliance.   
 
4597.12 - Five Year Review 
 

This section outlines a process for the five-year review of an approved WFMP.   
 
 Subsection (a) provides that the director shall convene a “meeting with the 
interdisciplinary review team” to “review” the administrative record and other information to 
“verify” that operations have been conducted in accordance with the WFMP.  A field inspection 
“may” be conducted if a review team member requests one.  As with other provisions, this 
language contemplates, yet does not expressly state, that an actual review must be done to 
“determine” if the Director can “verify” compliance.  Regulation is needed to clarify this.     
  

Subsection (b) provides that the Board shall adopt regulations for the development of a 
“plan summary” before each five-year review, for the purpose of allowing the review team to 
analyze information, including the number of notices of timber operations, the acreage operated 
under each notice, the violations received, and the volume harvested in relation to the projections 
of harvest in the plan.   
 
 The Draft Regulations section 1094.26(b) adopt these provisions.  Subsection (b)(1)-(4) 
provides additional information, but it poorly worded so that it is unclear under what 
circumstances this information is required.  It is also unclear whether this information constitutes 
the “plan summary” required by AB 904 Section 4597.12.  If for example subsection (b)(1) is 
information to be provided in all instances, it requires an RPF for the WFMP owner to certify 
compliance.  How then is that to occur?  There are no provisions outlining the timing and manner 
in which that is to occur.  Subsection (b)(3) is similarly unclear and objectionable.  How are 
violations “received?”  Either they are a part of the record or not.  What standards are to apply to 
determine whether “potentially significant impact to public trust resources may occur from 
continuance of the WFMP?”  And what is the process by which Cal Fire may be presented with 
“a fair argument that a project may have a significant effect on the environment?”     
 
 AB 904 section 4597.12 subsection (c) provides for public notice of the five-year review 
and a copy of the plan summary, with the ability to provide additional information to the review 
team for the five-year review.  Draft Regulations section 1094.26(c) adopts this language, 
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without providing the necessary guidance as to how the public review can occur.  The public is 
entitled to not only notice, but a defined period of time in which to review the plan summary and 
five-year review, particularly if the public wants to provide “a fair argument” as to significant 
effects on the environment and to public trust resources.   
 
 The Board needs to develop clear provisions for the five-year review to adequately 
implement the statute, to provide (1) a defined process and content for the “plan summary”, (2) a 
defined process for the five year review, which includes notice, scheduling, and agency and 
public access, (3) the standards which will be used to evaluate compliance with the WFMP as 
well as the legislative objectives such as uneven-aged management, added carbon sequestration, 
sustained production of timber and other forest products, aesthetics, maintenance of ecological 
systems and processes, etc., and  (4) findings that are necessary to document the required 
“verification” required in Section 4597. 

 
Section 4597.15 - Immediate Operation  
 
 This section provides that if the RPF certifies that the written notice conforms to and 
meets the requirements of the WFMP, then operations may immediately commence.  While 
Section 4597.14 provides for disciplinary action against an RPF who makes any material 
misstatement, we find no provision in AB 904 which prevents and remedies impacts from 
immediate operations which are inconsistent with the approved WFMP.  Regulation is needed to 
specify that should it be determined that a notice is materially misleading, the director has the 
right to and must immediately stop operations and proceed with Notice of Violation as provided 
in the FPR.  The landowner as well as the RPF must be subject to discipline and held 
accountable. 

 
Section 4597.17 - Change from NTMP to WFMP 
 
 This statute provides for a NTMP landowner to transition to a WFMP and requires the 
Board to adopt regulations to establish this amendment process.  The Draft Regulations section 
1094.29 appear to have not yet addressed this need.  At this point, EPIC encourages the Board to 
draft regulation which clearly identifies how such a transition may occur, in a manner that 
ensures that the underlying NTMP provisions have been fully satisfied, and the rigorous 
standards imposed by the WFMP shall be incorporated. 
 
Section 4597.18 - Safe Harbor Agreements 
 
 This provision allows a landowner submitting a WFMP to simultaneously seek a safe 
harbor agreement from the Department of Fish and Wildlife pursuant to the Fish and Game 
Code. The Draft Regulations adopt the statute’s language. The Draft Regulations simply adopts 
the statutory language. In doing so, they fail to address how the review process for the WFMP 
shall proceed in conjunction with, or independent from, the application for a safe harbor 
agreement.  Clarity as to how these two application processes may proceed, and/or coincide, 
should be provided. 
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Section 4597.19 - State Restoration Projects 
 
 This section specifies that a state restoration grant application may not be summarily 
denied on the basis that the proposed restoration project is a condition of the harvesting plan. The 
Draft Regulations simply adopt the statute’s language, failing to deal with some ambiguity. The 
term “harvesting plan” is not used in any other section of the Draft Regulations, so it is unclear 
what this references.        
    
Section 4597.20 - Adoption of Regulations 
 
 This section gives the Board full authority to adopt regulations it finds necessary to 
implement AB 904.  Thus, the Board needs to exercises it full authority to provide legitimate 
interpretation and guidance through regulation to advance AB 904's legislative intent.  
 
 
III. Comments on Specific Draft Regulations. 
 
 In addition to those Draft Regulations which are referenced above, the following are 
specific Draft Regulations which need refinement or change. 
 
Unnumbered Introduction to Working Forest Management Plan 
 
 The introduction which provides for equivalency of the term THP, timber harvesting 
plan, or word plan to the WFMP does not ensure that key information requirements and 
particularly the obligation to provide a cumulative effects assessment will be satisfied.  
Refinement is needed to ensure that at a minimum, key information requirements that are 
necessary to evaluate the WFMP are included.  This can occur here or in the WFMP Contents 
regulation, at § 1094.6. 
 
Section 1094.2 - Definitions 
 
 In addition to what is identified above, EPIC suggests the following changes: 
 
 The statute defines “late succession forest stand” as “stands of dominant and predominant 
trees that meet the criteria of the California Wildlife Habitat Relationships System class 5D, 5M, 
or 6 with an open, moderate, or dense canopy closure classification, often with multiple canopy 
layers, and are at least 10 acres in size. Functional characteristics of late succession forest stands 
include large decadent trees, snags, and large down logs.” AB 904, § 4597.2(g)(3).  In addition, 
AB 904 provides that “[n]othing in this requirement shall be interpreted to preclude active 
management on any given acre of an approved plan if the management is conducted in a manner 
that maintains or enhances the overall acreage of late succession forest stands that existed in the 
plan area upon initial plan approval .”  AB 904, §4597.(g)(1).  EPIC recommends that the Board 
take notice of the Legislature’s recognition that late succession forest stands can be much smaller 
than the current 20-acre limitation, to as little as one acre. Given this recognition by the 
Legislature that acreage of at least 10 acres--- or as small as 1 acre – qualify as  late succession 
forest stands, EPIC recommends that the Board adopt a definition which permits late succession 
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forest stands one acre or larger,  This is consistent with current Department policy.  In addition, 
EPIC suggests that the Board apply the new definition of “late successional forest stands” across 
the board by amending the definition of “late sucessional forest” currently contained in 14 CCR 
895.1 to reflect a change from the minimum 20 acres down to the one acre or more in order to 
ensure consistency of identification, and application of this definition across all ownerships and 
as a part of all timber harvest planning documents. 
 
 “Long-term sustained yield” for the WFMP should incorporate the objective and standard 
of “uneven-aged management” such that the planning horizon for an “un-evenaged forest 
encompassed by the WFMP has reached a balance between growth and yield.” 
 
Section 1094.3 - WFMP Submittal and Notice of Preparation 
 
 The intent language provided in this section needs to be expanded to reference that the 
WFMP is for non-industrial landowners, and it should include the objectives set forth in Public 
Resources Code Section 4597(a)(5). 
 
Section 1094.6 - Contents of the WFMP 
 
 In addition to comments concerning subsections of 1094.6 addressed above, EPIC 
suggests that the preliminary statement, which is patterned after the NTMP regulation at 14 CCR 
1090.5, is too limiting.  The WFMP should serve not only the functions as outlined, but the 
express function of developing an uneven-aged forest which ensures long-term benefits such as 
added carbon sequestration, local and regional employment and economic activity, sustainable 
production of timber and other forest products, and the maintenance of ecosystem processes and 
services. 
Section 1094.6 (d)(7) - Methods used to avoid significant sediment discharge to 
watercourses from timber operations 
 

This section needs better definition and precision, particularly as to the phrase in the last 
sentence which permits “compliance with similar requirements of other applicable provisions of 
law.” This is very vague and ambiguous, and needs specificity. 
 
Section 1094.6 (d)(10) - Description of late succession forest stands 
  

This section uses an undefined phrase – “a constraint of no net loss.”   This needs 
definition so that it can be an enforceable standard. 
 
Section 1094.6 (d)(13)(A) - Description for each management unit 
 
 This subsection illustrates well the issue concerning the need for a “LTSY plan,” as it 
expressly refers to the “LTSY plan,” yet as discussed above, the regulations do not require a 
“LTSY plan.”  The regulations should require an LTSY plan. 
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Section 1094.6 (d)(15) - LTSY projections for reduction in trees greater than 12 inches in 
diameter or reduced level of inventory of a major stand type 
 

This subsection appears to permit a reduction in LTSY, provided certain resources 
(protected species, species habitat, and constraints no timber management) are “addressed.”  
EPIC objects to this provision, as written, as it appears to permit reduction in overall canopy and 
age classes.  The subsections (A), (B) and (c) are also all unclear to the extent they require the 
WFMP to “address” the identified resources and issue, as it the term “address” is too vague and 
without criteria to gauge whether the information to be presented may be adequate.  Stricter 
standards are required to ensure that any such reduction in LTSY must be limited, so as to 
prevent disregard for the core objectives of a WFMP. 
 
Section 1094.6 (d)(17) - Certification of personal inspection of plan area 
 
 One of the ongoing concerns in private land forestry is the lack of disclosure and 
inspection of the entirety of a plan area.  This subsection should be amended to require that the 
certification attests to personal inspection of “all of the plan area.” 
 
Section 1094.6 (d)(18) - Any other information required by regulation 
 

This subsection appears unnecessary. 
 
Section 1094.6 (d)(25) - Description of cumulative impacts analysis 
 
 As referenced above, the Draft Regulations need to include an express required that a 
cumulative impacts analysis is required.  
 
Section 1094.10 (d) - Plan submitted responsibility 
 
 It is unclear to EPIC why a provision would be included to exempt corporations from the 
duty to file a notification of change in responsibilities or substitution of an RPF “because the 
RPF of record on each document is the responsible person.”  This makes no sense, as the RPF of 
record is always a responsible person, subject to significant license requirements.  A corporation 
is no different than a person under the code, Public Resources Code Section 4525, and should be 
treated no differently when it comes to notifying the Department of changes of the RPF for 
WFMP implementation.   
 
Section 1094.11 (e) - Registered Professional Forester Responsibility 
 
 This subsection refers to “attainment of the resource conservation standards of the 
WFMP.”  As discussed above, the Draft Regulations do not identify requirements for or specifics 
of “resource conservation standards” for any given WFMP.  Thus, this terminology is 
meaningless.  Draft Regulation section 1094.6 must include express resource conservation 
standards. 
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Section 1094.17 - Agency and Public Review for the WFMP 
Section 1094.18 - Director’s Determination  
 
 We address these two sections together because we believe they need to be reorganized to 
better outline first the review process for the WFMP, and second the decision-making process for 
the WFMP. 
 
 To illustrate this need, we note that while section 1094.17 provides for posting of the 
WFMP, and circulation to other public agencies, it says nothing about a review process for the 
general public. That is found in section 1094.18(a)-(c).  These provisions should be in the same 
regulation. 
 
 With respect to introduction to section 1094.17, the placement of the proposed plan is 
provided as either in a location OR on an internet Web site.  The proposed plan should be 
available BOTH in a location and on an internet Web site. 
 
 Section 1094.17(a) permits the Department to “bill such persons,” but it is entirely 
unclear what “persons” are referenced here.  This appears to be a consequence of cutting and 
pasting from the NTMP regulations, and the deletion in the Draft Regulations of the provision 
that the Department shall transmit a copy of any specific plan to any person who has made a 
written request for it.  EPIC believes that this subsection needs to be reinserted.   
 
 The provisions of section 1094.18(a)-(c) should be placed in section 1094.17, as 
provisions identifying “agency and public review for the WFMP.”  Additional language is 
needed to identify the manner and format in which the public may provide comments.   
 
 The Draft Regulations adopt AB 904 Section 4587.6(a) process for public review.  
Section 1094.18 (d) identifies what is needed for approval.  While technically this is part of the 
Director’s determination, it is clearly part of the review process.  It is unfortunate that the Draft 
Regulations simply adopt the structure of AB 904 Section 4587.6, rather than organize the 
regulations to deal first with the review process, and second with the decision process.  
Additionally, Section 4587.6(a) does not provide a provision to determine “completion of final 
interagency review of the plan.” This provision is adopted in Draft Regulations subsection 
1094.18(d)(4).  A provision is needed to define what constitutes “completion of final interagency 
review of the plan.”  The Board should address this through regulation. 

 
Draft Regulations section 1094.18(e) - (h) effectively provides a right of appeal to a 

landowner in the event the Director finds the WFMP is not in conformance with the rules.  As 
discussed above, the Draft Regulations need to clarify the process as an “appeal” process, and 
provide appropriate procedures to document decision-making.  
 
Section 1094.20 - Nonconformance of the WFMP 
 
 This section appears to be a copy of the NTMP regulation 14 CCR 1090.20, and by 
reference to 14 CCR § 1054, appears to introduce conflicting provisions from those set forth in 



14 
 

Draft Regulations section 1094.18.  Careful review is needed to determine whether this section 
should be included. 
 
IV. Conclusion 
 

EPIC appreciates the opportunity to provide comments to the Committee at this early 
stage of regulatory development for the WFMP. Please do not hesitate to contact me at the 
number provided below if there are questions. 
 

Sincerely,  
 

 
Rob DiPerna 
California Forest and Wildlife Advocate 
 
Environmental Protection Information Center 
145 G Street, Suite A 
Arcata, California 95521 
Office: (707) 822-7711 
Email: rob@wildcalifornia.org 
 

 

mailto:rob@wildcalifornia.org
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Population Demography of Northern Spotted Owls 

Abstract. We used data from 11 long-term stud
ies to assess temporal and spatial patterns in 
fecundity, apparent survival, recruitment, and 

annual finite rate of population change of 
Northern Spotted Owls (Strix oceidentaUs cau
rina) from 1985 to 2008. Our objectives were to 

evaluate the status and trends of the subspecies 
throughout its range and to investigate associa
tions between population parameters and cov

ariates that might be influencing any observed 
trends. We examined associations between pop
ulation parameters and temporal, spatial, and 

ecological covariates by developing a set of a 
priori hypotheses and models for each analysis. 
We used information-theoretic methods and 

QAIC, model selection to choose the best 
model(s) and rank the rest. Variables included 
in models were gender, age, and effects of time. 
Covariates included in some analyses were 

reproductive success, presence of Barred Owls 
(Strix varia), percent cover of suitable owl habi
tat, several weather and climate variables includ

ing seasonal and annual variation in precipita
tion and temperature, and three long-term 
climate indices. Estimates of fecundity, apparent 
survival, recruitment, and annual rate of popula

tion change were computed from the best mod
els or with model averaging for each study area. 

The average number of years of reproductive data 
from each study area was 19 (range = 17 to 24), 

and the average number of captures/resightings 

per study area was 2,219 (range = 583 to 3,777), 
excluding multiple resightings of the same indi
viduals in the same year. The total sample of 5,224 
marked owls included 796 1-yy-old subadults, 903 

2-yr-old subadults, and 3,54-5 adults (23 yrs old). 
The total number of annual captures /recaptures / 
resightings was 24,408, and the total number of 

cases in which we determined the number of 
young produced was 11,450. 

Age had an important effect on fecundity, 

with adult females generally having higher 
fecundity than 1- or 2-yr-old females. Nine of the 
11 study areas had an even-odd year effect on 

fecundity in the best model or a competitive 
model, with higher fecundity in even years. 
Based on the best model that included a time 
trend in fecundity, we concluded that fecundity 

was declining on five areas, stable on three areas, 
and increasing on three areas. Evidence for an 
effect of Barred Owl presence on fecundity on 

individual study areas was somewhat mixed. 
The Barred Owl covariate was included in the 

best model or a competitive model for five study 
areas, but the relationship was negative for four 
areas and positive for one area. At the other six 

study areas, the association between fecundity 
and the proportion of Spotted Owl territories in 
which Barred Owls were detected was weak or 

absent. The percent cover of suitable owl habitat 
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was in the top fecundity model for all study 
areas in Oregon, and in competitive models for 
two of the three study areas in Washington. In 
Oregon, all 95% confidence intervals on beta 
coefficients for the habitat covariate excluded 
zero, and on four of the five areas the relation
ship between the percent cover of suitable owl 
habitat and fecundity was positive, as predicted. 
However, contrary to our predictions, fecundity 
on one of the Oregon study areas (KLA) declined 
with increases in suitable habitat. On all three 
study areas in Washington, the beta estimates 
for the effects of habitat on fecundity had 95% 
confidence intervals that broadly overlapped zero, 

suggesting there was less evidence of a habitat 
effect on fecundity on those study areas. Habitat 
effects were not included in models for study 
areas in California, because we did not have a 
comparable habitat map for those areas. Weather 
covariates explained some of the variability in 
fecundity for five study areas, but the best weather 
covariate and the direction of the effect varied 
among areas. For example, there was evidence 
that fecundity was negatively associated with low 
temperatures and high amounts of precipitation 
during the early nesting season on three study 
areas but not on the other eight study areas. 

The meta·analysis of fecundity for all study 
areas (no habitat covariates included) suggested 
that fecundity varied by time and was parallel 
across ecoregions or latitudinal gradients, with 
some weak evidence for a negative Barred Owl 
(BO) effect. However, the 95% confidence inter· 
val for the beta coefficient for the BO effect over· 
lapped zero (~~ ·0.12, SE ~ 0.11, 95% CI ~ ·0.31 
to 0.07). The best models from the meta· analysis 
of fecundity for Washington and Oregon (habitat 
covariates included) included the effects of 
ecoregion and annual time plus weak effects of 
habitat and Barred Owls. However, the 95% con· 
fidence intervals for beta coefficients for the 
effects of Barred Owls and habitat overlapped 
zero (~BO ~ ·0.104, 95% CI ~ ·0.369 to 0.151; 
~HAB1 ~ ·0.469,95% CI ~ ·1.363 to 0.426). In 
both meta·analyses of fecundity, linear trends 
(T) in fecundity were not supported, nor were 
effects of land ownership, weather, or climate 

covariates. Average fecundity over all years was 
similar among ecoregions except for the Wash
ington-Mixed-Conifer ecoregion, where mean 
fecundity was 1.7 to 2.0 times higher than in the 

other ecoregions. 
In the analysis of apparent survival on indi

vidual study areas, recapture probabilities typi
cally ranged from 0.70 to 0.90. Survival differed 
among age groups, with subadults, especially 
l-yr-olds, having lower apparent survival than 
adults. There was strong support for declining 
adult survival on 10 of 11 study areas, and 
declines were most evident in Washington and 
northwest Oregon. There was also evidence that 
apparent survival was negatively associated with 
the presence of Barred Owls on six of the study 
areas. In the analyses of individual study areas, 
we found little evidence for differences in appar
ent survival between males and females, or for 
negative effects of reproduction on survival in 
the following year. 

In the meta-analysis of apparent survival, the 
best model was a random effects model in which 
survival varied among study areas (g) and years 
(t), and recapture rates varied aillong study areas, 
sexes (s), and years. This model also included the 
random effects of study area and reproduction 
(R). The effect of reproduction was negative 
(~~ ·0.024), with a 95% confidence interval that 
barely overlapped zero (·0.049 to 0.001). Several 
random effects models were competitive, includ
ing a second· best model that included the Barred 
Owl (BO) covariate. The estimated regression 
coefficient for the BO covariate was negative (~ ~ 
·0.086), with a 95% confidence interval that did 
not overlap zero (·0.158 to ·0.014). One competi· 
tive random effects model included a negative 
linear time trend on survival (~~ ·0.0016) with a 
95% confidence interval (·0.0035 to 0.0003) that 
barely overlapped zero. Other random effects 
models that were competitive with the best model 
included climate effects (Pacific Decadal Oscilla· 
tion, Southern Oscillation Index) or weather 
effects (early nesting season precipitation, early 
nesting season temperature). Ownership cate
gory, percent cover of suitable owl habitat, and 
latitude had little to no effect on apparent survival. 
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Apparent survival differed among ecoregions, 
but the ecoregion covariate explained little of the 
variation among study areas and years. 

Estimates of the annual finite rate of 
population change (1c) were below 1.0 for all 
study areas, and there was strong evidence that 
populations on 7 of the 11 study areas declined 
during the study. For four study areas, the 95% 
confidence intervals for A overlapped 1.0, so we 
could not conclude that those populations were 
declining. The weighted mean estimate of), for 
all study areas was 0.971 (SE ~ 0.007,95% CI ~ 
0.960 to 0.983), indicating that the average rate 
of population decline in all study areas combined 
was 2.9% per year. Annual rates of decline were 
most precipitous on study areas in Washington 
and northern Oregon. Based on estimates of 
realized population change, populations on four 
study areas declined 40 to 60% during the study, 
and populations on three study areas declined 
20 to 30%. Declines on the other four areas were 
less dramatic (5 to 15%), with 95% confidence 
intervals that broadly overlapped 1.0. 

Based on the top-ranked a priori model in the 
meta-analysis of 'A, there was evidence that 
ecoregions and the proportion of Spotted Owl 
territories with Barred Owl detections were 
important sources of variation for apparent sur
vival (cpt) and recruitment (j,). There was some 
evidence that recruitment was higher on study 
areas dominated by federal lands compared to 

[
C~C~ uring the last 40 years, the management J philosophy on federal forest lands in the 
_~ . United States has undergone profound 
changes as government agencies have become 
increasingly aware of the importance of federal 
lands in species conservation. Nowhere has this 
change been more controversial than in the 
Pacific Northwest (Washington, Oregon, and 
northern California), where attempts to main
tain viable populations of Northern Spotted 
Owls (Strix oceidentalis caurina), Marbled Mur· 
relets (Brachyramphus marmoratus) , red tree 
voles (Arborimus longicaudus), and other plants 

study areas that were on private lands or lands 
that included approximately equal amounts of 
federal and private lands. There a.lso was evi
dence that recruitment was positively related to 
the proportion of the study area that was cov
ered by suitable owl habitat. 

We concluded that fecundity, apparent 
survival, and/or populations were declining on 
most study areas, and that increasing numbers 
of Barred Owls and loss of habitat were partly 
responsible for these declines. However, 
fecundity and survival showed considerable 
annual variation at all study areas, little of which 
was explained by the covariates that we used. 
Although our study areas were not randomly 
selected, we believe our results reflected 
conditions on federal lands and areas of mixed 
federal and private lands within the range of the 
Northern Spotted Owl because the study areas 
were (1) large, covering ~ 9% of the range of the 
subspecies; (2) distributed across a broad 
geographic region and within most of the 
geographic provinces occupied by the owl; and 
(3) the percent cover of owl habitat was similar 
belween our t)tuuy areas and the surrounding 
landscapes. 

Key Words: Barred Owl, fecundity, Northern 
Spotted Owl, Northwest Forest Plan, population 
change, recruitment, Strix occidentalis caurina, 
Strix varia, survival 

and animals that thrive in old forests have 
resulted in large reductions in harvest of old for
ests on federal lands (Ervin 1989, Durbin 1996). 
Because of the controversial nature of these 
changes and the need to know whether manage
ment policies were achieving desired objectives, 
the U.S. Forest Service and U.S. Bureau ofLand 
Management initiated eight long-term mark
recapture studies of Northern Spotted Owls 
during 1985 to 1991 (Lint et al. 1999). The 
primary objective of these field studies was to 
provide federal agencies and the public with 
data on the status and trends of Spotted Owl 
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populations and to determine if the manage
ment plans adopted by the agencies were result
ing in recovery of the owl, which was listed as a 

threatened subspecies in 1990 (USDI Fish and 
Wildlife Service 1990). In addition, the recent 
invasion of Barred Owls (Strix varia) into the 

range of the Spotted Owl represents a competi
tive threat that many research groups are trying 
to assess. The information generated in these 

studies has been featured in many publications 
(Franklin 1992, Burnham et a1. 1994, 1996, Fors· 
man et a1. 1996a, Franklin et a1. 2000, Kelly et a1. 

2003, Hamer et a1. 2007, Olson et a1. 2004, 2005, 
Anthony et a1. 2006, Bailey et a1. 2009, Singleton 
2010) and has played a key role in several court 

cases and in the development of the Northwest 
Forest plan (NWFP). The NWFP is an intera· 
gency plan that was designed to protect all native 

plants and animals on federal lands within the 
range of the Northern Spotted Owl, while at the 
same time providing jobs and wood products 

(USDA Forest Service and USDI Bureau ofLand 
Management 1994). The data from the long· 
term demography studies were also considered 
by the team that prepared the 2008 recovery plan 

for the Northern Spotted Owl (USDI Fish and 
Wildlife Service 2008) and by a committee of 
The Wildlife Society (2008) who commented on 

the plan. Research on the long·term demogra· 
phy of the Spotted Owl has focused attention on 
forest management and conservation of forest 
wildlife in the western United States. This 

research, and the controversy it has created, 
have changed forest management in the region 
and helped to bring about a general reassess

ment of the role of forest management in spe
cies conservation, forest ecosystem manage
ment, and human health (Thomas et a1. 1993, 

USDA Forest Service and USDI Bureau of Land 

Management 1994, Dietrich 2003). 

disagreement regarding the potential for bias in 
the estimates of demographic parameters 

(Loehle et a1. 2005, Franklin et a1. 2006), and 
(3) where many different agencies and stake· 

holders are responsible for collecting the data. 
For the Northern Spotted Owl, the methods for 
collecting, analyzing, and reporting demo

graphic data have been described by Franklin 
et a1. (1996), Lint et a1. (1999). Anderson et a1. 
(1999), and Anthony et a1. (2006). Because of 

considerable scientific and public interest in 
these studies, one of the key features in the 
monitoring program has been regularly sched

uled workshops in which all of the researchers 
who are conducting demographic studies of 
Northern Spotted Owls, meet and conduct a 

meta-analysis of all of the demographic data 
(Lint et a1. 1999). Since 1993, there have been 

four cooperative workshops, the results of which 
have been described in three published articles 
(Burnham et a1. 1994, 1996, Anthony et a1. 2006) 
and one unpublished report (Franklin et a1. 

1999). The most recent ofthese workshops was 
conducted in january 2009, where we completed 
an updated meta-analysis in which we analyzed 
all of the demographic data currently available 

on the Northern Spotted Owl. including an 
additional five years of data from 2004 to 2008, 
and modeled the demographic parameters as a 

function of a new set of environmental covari
ates. Our demographic analyses, which repre
sent the most complete and up-to-date summary 

of the population status of the subspecies, are 
the focus of this volume of Studies in Avian 

Biology. 
Estimates of vital rates and population trends 

are more interesting when there is some under
standing of the environmental factors that may 

influence those estimates. Anthony et a1. (2006) 
included covariates for the cost of reproduction 

With any large-scale, long-term monitoring 
program, important criteria are consistency in 
methods and funding, and a consistent protocol 

for analyzing the data and reporting the results. 
Standard protocols are especially important in 

cases like the Spotted Owl, where (1) the eco· 
nomic stakes are high, (2) there is occasional 

and presence of Barred Owls in their analyses of 

survival and population trends of Spotted Owls, 
but they were not able to include habitat or 
weather covariates in their analysis. In our anal
ysis, we included the same covariates examined 

by Anthony et a1. (2006) but add several new 
range-wide weather covariates and habitat 
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covariates in Washington and Oregon. Thus, 

our analysis is the most comprehensive to date 
in terms of the number of covariates examined_ 

Our analysis also differed from earlier analyses 

of Spotted Owl populations (Burnham et a1. 
1994, 1996) in that we use the jparameterization 

of Prade!'s (1996) temporal symmetry model to 
estimate the annual rate of population change 
(A), and examine trends in the components of 

population change, including survival and 
recruitment rates_ Our analyses have led to 

some valuable insights regarding our ability to 

discern the possible influence of environmental 
covariates (e.g., habitat, Barred Owls, weather) 
on a species that has high temporal variation in 

survival and reproduction. Our general approach 
will be of interest to other research groups inves

tigating population dynamics of other long· lived 
vertebrates with similar life histories. 

Our purpose in this report is threefold. First, 
we wanted to determine if the declines in appar

ent survival and populations that were reported 
previously (Anthony et a1. 2006) have continued 
or stabilized. Second, we used multiple covari
ates in the analysis of demographic rates in an 
attempt to better understand which environ
mental factors best explained annual and spa

tial variability in these rates. We reasoned that 
one or more of these covariates might explain 
the recent declines in demographic rates of the 

subspecies. Last, we report on the use of the 
jparameterization of the Pradel (1996) temporal 
symmetry model to estimate components of the 

annual finite rate of population change (A), 
including apparent survival and recruitment 
rates, one of the first applications of this new 

technique in demographic analyses of Northern 
Spotted Owl populations. 

STUDY AREAS 

We obtained data from 11 study areas, including 
three in Washington, five in Oregon, and three 

in California (Fig. 1). Study area names and 
acronyms used throughout the report are 
described in Table 1. Size of study areas ranged 
from 356 to 3,922 km' (Table 1). The total area 

covered by all 11 study areas (19,813 km') 

was equal to approximately 9% of the total range 
of the Northern Spotted Owl, which has been 
estimated at 230,690 km' (USDA Forest Service 

and USDI Bureau of Land Management 1994). 
Our study areas included one (GDR) that was 
entirely on private land, one (HUP) on an Indian 

Reservation, four (OLY, HjA, CAS, NWC) that 
were primarily on federal lands, and five (CLE, 
RAI, COA, TYE, KLA) that included a mixture 

of federal, private and state lands (Table 1). Of 
the 11 study areas, eight (OLY, CLE, COA, HjA, 
TYE, KLA, CAS, NWC) were established by the 

U.S. Forest Service and U.S. Bureau of Land 
Management to document the status of North
ern Spotted Owls on federal lands within the 

region encompassed by the Northwest Forest 
Plan (Lint et a1. 1999). In some analyses, we 
present results separately for these eight areas, 
which we refer to as "NWFP study areas" 

(Table 1. Appendix A). We made a distinction 
between types of study areas because the North

west Forest Plan is the overarching interagency 
land management plan that applies to federal 
lands within the range of the Northern Spotted 
Owl, which is of special interest to federal land 
managers (USDA Forest Service and USDI 
Bureau of Land Management 1994). 

Our study areas differed from those included 
in Anthony et al. (2006) in that data collection on 
three of the 14 study areas examined therein, was 
either discontinued or reduced, so data from those 

three areas (Wenatchee, Warm Springs, and 
Marin study areas) were no longer available for a 
meta·analysis. In addition, the OLY study area 

was reduced in size because of lack of funding, 
and the size of the G D R study area was expanded 
in 1998. In two cases (TYE, NWC), sizes of study 

areas in Table 1 are different than in Anthony 
et a1. (2006), not because of any change in area, 
but because we mapped the boundaries based on 

boundaries used in analyses of population 
change. In contrast, the study area boundaries for 
the TYE and NWC study areas displayed in 

Anthony et a1. (2006) included survey polygons in 
areas adjacent to the main study areas. Because of 
the changes in number and size of study areas 

and the addition of five years of data, results of 
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Figure 1. Locations of 11 study areas used in the analysis ofvital rates and population trends 

ofNo11hern Spotted Owls. 

this analysis are not directly comparable to previ

ous analyses conducted by Burnham et a1. (1996) 

and Anthony et a1. (2006). 
The study areas were distributed across a broad 

geographic region, from central Washington south 
to northern California, and varied wi.dely in cli
mate, vegetation, and amount oftopographic relief. 

Study areas in the coastal mountains of Oregon 
and California (COA, TYE, KLA, NWC, GDR, 

HUP) typically occurred at low to moderate eleva

tions, where the highest elevations were <1,250 m, 

whereas study areas in the Cascades and Olympic 
Mountains (CLE, RAJ, OLY, HIA, CAS) occurred 
in areas with high mountains, where forests 

extended from the lowland valleys up to timber
line, at or above 1,500 m elevation. Climate varied 
from relatively warm and dry on study areas in 
southern Oregon and northwestern California to 
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TABLE 1 
Descriptions of 11 study areas used to estimate Llital rates of Northern Spotted Owls in 

Washington, Oregon, and California (see also Appendix A). 

Asterisks indicate the eight study areas that are part of the federal monitoring program for 

the northern spotted owl (Lint et al. 1999). 

No. owls banded by 
age c1assa 

Mean 

Area Total Total annual 

Study area Acronym Years (km') 51 52 Adults owls encountersb precip. (em) 

Washington 

Cle Elum 
, 

CLE 1989-2008 1,784 31 32 148 211 1,170 142 

Rainier RAJ 1992-2008 2,167 8 12 133 153 583 216 

Olympic* OLY 1990-2008 2,230 19 32 337 388 1,510 290 

Oregon 

Coast Ranges * COA 1990-2008 3,922 66 97 486 649 3,306 219 

H. J. Andrews* HJA 1988-2008 1,604 28 91 457 576 3,082 201 

Tyee * TYE 1990-2008 1,026 137 no 243 490 2,315 125 

Klamath~' KLA 1990-2008 1,422 169 134 347 650 2,800 121 

South Cascades * CA5 1991-2008 3,377 43 80 479 602 2,364 123 

California 

NW California* NWC 1985-2008 460 114 80 280 474 2,550 155 

Hoopa Tribe HUP 1992-2008 356 38 47 130 215 951 195 

Green Diamond GDR 1990-2008 1,465 143 188 505 836 3,777 188 

Totals 19,813 796 903 3,545 5,244 24,408 

a Age class codes indicate owls that were 1 year old (Sl), 2 years old (S2), or ~ .} years old (Adults). Counts include owls first banded as 
Sl's, S2's, or Adults, as well as owls first banded as juveniles that were subsequently recaptured when they were 1, 2, or;2: 3 years old. 

b All captures, recaptures, and re·sightings, excluding multiple encounters of individuals in the same year. 

extremely wet in the temperate rain forests on the 
west side of the Olympic Peninsula, where annual 

precipitation ranged from 280 to 460 cm/year 
(Table 1). Study areas on the west slope of the Cas· 

cades Range (RA!, HIA, CAS) were typically warm 
and dry during summer and cool and wet during 
winter, with much of the winter precipitation fall
ing as snow at higher elevations. The only study 

area that was entirely on the east slope of the Cas
cades (CLE) was characterized by warm, dry sum
mers and cool winters, with most precipitation 

occurring as snow during winter. 
Forests on all study areas were dominated by 

conifers, or mixtures of conifers and hardwoods, 

but there were regional differences in species 
composition. Forests on study areas in Washington 
and northern Oregon were comprised of mix

tures of Douglas-fir (Pseudotsuga monziosii) and 
western hemlock (Tsuga hoterophyHa) , or, in 
coastal areas, by mixed stands of western hem

lock and Sitka spruce (Picoa sitchensis). Ponde· 
rosa pine (Pinus ponderosa) was also a dominant 
species on the east slope of the Cascades in 

Washington. Study areas in southwestern Oregon 
and northwestern California had diverse mix
tures of mixed-conifer forest or mixed-evergreen 

forest (Franklin and Dyrness 1973, Kuchler 
1977). Common canopy trees in mixed-conifer 
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or mixed-evergreen forests included: Douglas

fir. grand fir (Abies grandis), western white pine 
(P. monticola), sugar pine (P. lambertiaM), pon· 
derosa pine, incense cedar (Calocedrus de-cur
rens), tanoak (Lithocarpus densiflorus) , Pacific 
madrone (Arbutus menziesii) , California laurel 

(UmbeUularia californ!ca) , and canyon live· oak 
(Quercus chrysolep!s). The GDR study area in 
coastal northwestern California also included 

considerable amounts of coast redwood (Sequoia 
sempervirens) forest at lower elevations. 

only included two study areas situated exclusively 
on non·federallands (HUP and GDR). Both of 
those areas were in California, near the south
ern end of the range of the Northern Spotted 
Owl (Fig. 1) and were unique in that both land
owners were actively managing to provide nest

ing and foraging habitat for Spotted Owls. 

Forest age and structure varied widely among 
areas, ranging from one study area (GDR) that 
was mostly dominated by forests that were 
<60 years old to some study areas on federal 
lands (OLY, HJA, NWC, CAS) in which >60% of 
the landscape was covered by mature (80 to 
199 years old) and old-growth forests (~200 years 
old) with multilayered canopies oflarge trees that 
were typically 50 to 200 em diameter at breast 
height (dbh). All study areas were characterized 
by diverse mixtures of forest age classes that were 
the product of a long history of logging, fire, 
windstorms, disease, and insect damage. Forests 
on the OLY and RAI study areas were also natu· 
rally fragmented by high· elevation ridges that 
were covered by snowfields and bare rock. 

As stated by Franklin et al. (1996) and Anthony 
et al. (2006), the 11 study areas in our analysiS 
were selected based on many considerations, 
including forest type, logistics, funding, land 
ownership boundaries, and local support from 
management agencies. As a result, the study 
areas were not randomly selected or systemati
cally spaced. However, the study areas covered 

-9% of the range of the subspecies, and an anal
ysis by Anthony et al. (2006) indicated that the 
amount of suitable owl habitat in the study areas 
was similar to the surrounding areas. We 
believe, therefore, that the habitat conditions 
within our study areas were broadly representa

tive of conditions on federal lands within the 
range of the owl, and that our results are indica
tive of population attributes of Northern Spot· 
ted Owls on federal lands in general. We are less 
confident that our estimates reflect typical 
trends on non-federal lands because our sample 

FIELD METHODS 

We surveyed our study areas each year to locate 

owls, confirm bands, band unmarked owls, and 
document the number of young produced by 
each territorial female. Owls were trapped with 

a variety of methods, most commonly with a 
noose pole or snare pole (Forsman 1983). Each 
owl was marked with a U.S. Geological Survey 
numbered band on one leg and a unique color 
band on the other leg that could be observed 
without recapturing the owl (Forsman et al. 
1996b, Reid et al. 1999). Surveys were conducted 
using vocal imitations or playback of owl calls to 
incite the owls to defend their territories, thereby 

revealing their presence (Franklin et al. 1996). 
However, once we became familiar with tradi
tional nest and roost areas used by owls, it was 

often possible to locate owls by walking into tra· 
ditional nest areas during the day and calling 
quietly while visually searching for owls near 
the nest. The number of visits to each survey 

polygon or owl territory within each study area 
was usually ~3, although fewer visits were 
allowed in rare cases in which females either 
had no brood patch during the nesting season, 
or were observed for ~30 min during the period 
when they should have been in the late incuba· 
tion or early brooding stage, and showed no sign 

of nesting. 
In most study areas, there were some Spotted 

Owl territories that were known from historical 
surveys before the studies began, but there were 
also many areas that had never been surveyed 

and where occupancy by Spotted Owls had never 
been reported. Because it took several years for 
surveyors to become familiar with their study 
areas and to locate and band the territorial owls 

within their study areas, we truncated the data to 
exclude the first 1 to 5 years of data on individual 
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study areas. Truncation reduced the number of 
years in the sampling period, but eliminated 

some problems with small sample size and 
incomplete surveys in the early years on each 
study area. Once surveys began and a sample of 

owls was banded, new owls entered the study 
population when they were first detected and 
banded within the study area. 

If owls were located on any of the visits to a 
given survey area, we followed a standard proto

col to document the number of young fledged 
(NYF) by each female (Lint et al. 1999). The Lint 
et al. protocol took advantage of the fact that 
Spotted Owls are relatively unafraid of humans 
and will readily take live mice from human 
observers and carry the mice to their nest or 

fledged young (Lint et al. 1999, Reid et al. 1999). 
Except in the rare" cases mentioned above, our 
protocol required that owls be located and 
offered ~3 mice on two or more occasions each 

year to document their nesting status and the 
number of young that len the nest or "fledged" 
(NYF). If owls ate or cached all the mice offered, 
and no juvenile owls were detected, then pairs 
were considered to be non-nesting or failed 
nesters and were assigned a score of "0" for 

NYF. For owls that produced ~1 young, the 
NYF was coded as the maximum number of 

young observed on at least two visits after the 
juveniles left the nest tree. The protocol included 
some exceptions that we adopted to reduce bias 
in fecundity estimates. For example, females 

were given a "0" for NYF if they (1) appeared to 
be non-nesting based on one or more visits dur

ing the spring and then could not be relocated 
on multiple return visits or (2) were determined 
to be nesting but could not be relocated on 

repeated visits to the area. We included these 
exceptions in our fecundity estimates because 
females that did not nest and females that 
nested but failed to produce young sometimes 
disappeared before the full protocol could be 
met, and excluding these birds would have 
caused a positive bias in fecundity estimates. 
Reproductive data from owls that did not meet 
the above protocols were recorded as "unknown" 
and excluded from our analyses. 

ANALYTICAL METHODS 

Development of Covariates 

Barred Owl Covariate 

We hypothesized that the presence of Barred 
Owls near areas occupied by Spotted Owls could 
have a negative effect on detectability, fecundity, 
survival, recruitment, or rate of population 
change of Spotted Owls within our study areas 
(Kelly et a1. 2003, Olson et a1. 2005). We did not 
specifically target Barred Owls in our surveys, but 
frequently heard or saw Barred Owls while con

ducting surveys for Spotted Owls, and we recorded 
the dates and locations of all such detections. The 
Barred Owl covariate that we used to evaluate our 

hypotheses was the annual proportion of Spotted 
Owl territories in each study area that had Barred 
Owls detected within a l-km radius of the annual 
activity centers that were currently or historically 
occupied by the Spotted Owls on each territory. 
Consequently, the Barred Owl covariate was a 

random effect, time (year) ·specific variable in 
analyses ofindividual study areas that was applied 
at the scale of the study area or owl population, 
not individual territories. In meta-analyses of sur

vival and population change (A.), the Barred Owl 
covariate was a random effects variable that was 

applied at the meta·population level, but with data 
that were specific to each study area. 

To develop the Barred Owl covariate, we iden~ 
tified an annual "activity center" for each Spot~ 

ted Owl territory based on the most biologically 
significant records of the year, ranked in order 
of declining importance as follows: (1) active 
nest, (2) fledged young, (3) primary roost, 
(4) diurnal location, (5) nocturnal response to 
playbacks, or (6) most recent activity center if no 
Spotted Owls were located. The territory·specific 
frame of reference for this analysis was the 
cumulative area encompassed by l-km~radius 

circles around all of the annual activity centers 
at each Spotted Owl territory. If there was only a 
single activity center within a territory in all 

years of the study, then the frame of reference 
was a single 1-km circle. If there were multiple 
activity centers used in different years in the 
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same territory, then the frame of reference was 
the cumulative area encompassed by 1·kID
radius circles around all of the annual activity 

centers within the territory. If Barred Owls were 
detected anywhere within the cumulative frame 
of reference in a given year, then that territory 

was considered to be occupied by Barred Owls 
in that year, and the annual study area covariate 

was the proportion of Spotted Owl territories 
occupied by Barred Owls (Appendix B). We felt 

that this approach was the best indicator of 
whether there was likely to be a Barred Owl 
effect on the Spotted Owls that occupied each 

territory. Preliminary results indicated that the 
relative abundance of Barred Owls varied con
siderably among years and study areas, and that 

the appearance of Barred Owls in any apprecia
ble numbers on the study areas occurred in 
Washington in the mid-1980s, Oregon in the 
early 1990s, and California in the mid-1990s. 

Consequently, we predicted that any associa
tions between demographic rates of Spotted 
Owl and Barred Owl detections would be varia

ble among study areas. 

Habitat Co variates 

the analysis by using a constant radius to define 

all study areas. 
Our definition of suitable habitat was based on 

Davis and Lint (2005), who created a base map of 
suitable Spotted Owl habitat for Washington and 
Oregon based on multiple covariates, including 

tree diameter, stand structure, canopy cover, and 
elevation. Accuracy assessments of these maps 
were conducted at both the physiographic prov

ince and territory scale. At the province scale, 
maps correlated well with locations of known 

owl territories, with Spearman rank coefficients 
ranging from f, = 0.83 to 0.99 (P < 0.001; Appen
dix E in Lint 2005). At the territory scale, 19 sets 

of independent data from radio-marked Spotted 
Owls in Oregon indicated that average Spear
man rank correlations between suitable habitat 

and locations of owls were 0.99 in the Coast 
Ranges, 0.93 in the western Cascades, and 0.94 
in the southern Oregon Cascades (Appendix F 
in Lint 2005). Although there were exceptions, 

the majority of forests that fit the Davis and Lint 
(2005) definition of suitable habitat were charac

terized by large overstory conifers (dbh > 50 cm) 
and high (>70%) canopy cover (e.g., see Table 3-3 
in Davis and Lint 2005:41). The Davis and Lint 
definition of "suitable owl habitat" does not 

perfectly define suitable habitat for Northern 
Spotted Owls throughouttheir geographic range, 
but was the best and most current habitat map 

that was available for our study areas in Oregon 

and Washington. 

Another objective of our analysis was to deter
mine if fecundity, survival, or recruitment were 
related to the annual percent cover of suitable 
owl habitat within or adjacent to individual 

study areas. The frame of reference for habitat 
covariates in the analysis of fecundity, apparent 
surviva1, and recruitment was the percent cover 

of suitable habitat within each study area. For 
this estimate, we used a 2A-km radius around 

all historical owl activity centers to define each 
study area (Fig. 2, Appendix C). The acronym 
used for this environmental covariate was 
"HABl." Choice of the 2.4-km radius as the cri

teria for defining study area boundaries was 
based on an approximation of the annual area 
used by resident pairs of Northern Spotted 

Owls (Forsman et al. 1984, 2005; Carey et al. 
1992; Hamer et al. 2007). Although annual 
home ranges of Spotted Owls vary widely 

among geographic regions, we opted to simplify 

Because the base map created by Davis and 
Lint was based on a single snapshot in time 

(1996), we used time period-specific stand 

replacement/disturbance data (Cohen et al. 
1998, Healey et al. 2008) to add or subtract hab
itat in the base map to create a time series of 
habitat maps for each study area in Oregon and 
Washington, with four-year time steps in 1984, 

1988, 1992, 1996, 2000, and 2002. To create this 
time series, we assumed that "change" repre
sented loss of habitat, and that the time scale 

was too short for regrowth of habitat. There

fore, the historical time step maps could be 
created by "adding back" habitat to the baseline 
map in years prior to 1996 and subtracting 
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Figure 2. Example illustrating frames of reference used to evaluate the proportion of the 
landscape covered by suitable owl habitat on one of the Northern Spotted Owl demographic 
study areas (in gray). The small polygon indicates the area within 2.4-km-radius circles 
around all owl site centers, and the larger polygon indicates the area within 23-km-radius 
circles around all owl site centers, exclusive of the area of the inner polygon. 

habitat from the base map in the years after 1996. 
To produce annual estimates of suitable habitat, 

we plotted the estimated percent cover of suita
ble owl habitat in each time step and then esti
mated the percent cover of habitat in the years 

between time steps by assuming a linear trend 
between the 4-year intervals (Appendix C). 
Consequently, the habitat covariate was a ran
dom effects variable that was time (year) -specific 
and was applied at the scale of each study area 

or owl population, comparable to the Barred 
Owl covariate. For the meta-analyses of survival 
and A, the habitat covariate was a random effects 

variable that was applied at the meta-population 
level, with population data that were specific to 

each study area. 
For the habitat covariate in the analysis of 'A, 

we used the same definition of suitable habitat 
as in the analysis of survival, but developed two 

covariates based on different spatial scales. One 
covariate (HAB2) was the same as the HABl 
covariate in the analysis of survival (2A-km

radius scale), with minor differences due to the 
fact that we truncated the timeMseries data to 
use fewer years in the meta-analysis than the 

analyses of survival and fecundity on some 
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individual study areas. The second covariate 

(HAB3) was based on the percent cover of suit
able habitat within a 23-km radius of all histori
cal owl activity centers minus the area in HAB2 

(Fig. 2, Appendix C). We used the 23-km radius 
to account for the possible influence of habitat 

on recruitment from the region immediately 
surrounding the study area out to a distance 
that approximated the median natal dispersal 
distances of Northern Spotted Owls, which were 
about 19 km for males and 27 km for females 

(Forsman et aI. 2002:15). 
After reviewing the habitat map for Califor

nia, we decided not to develop habitat covariates 

for study areas from the state map of California 

because of inconsistencies with the map for 
Washington and Oregon (Davis and Lint 2005). 
Two primary problems with the California habi
tat data were that (1) the California map was 
·based on different remote-sensed data than the 

combined map for Oregon and Washington 
(Davis and Lint 2005), and (2) complete evalua
tion of habitat change in California was not pos

sible because the change detection information 

for California dated back to only 1994. There
fore, rather than confound our results with 

maps that were not comparable, we opted to 

limit our examination of the effects of habitat 

covariates to Oregon and Washington. 

Weather and Climate Covariates 

To determine if fecundity, apparent annual sur

vival, or rate of population change were associ

ated with variation in weather and climate, we 

used climate covariates that were associated 

with demographic performance of Spotted 
Owls in previous studies, including mean pre

cipitation and temperature, Palmer Drought 

Severity Index (PDSI), Southern Oscillation 
Index (SOl), and Pacific Decadal Oscillation 
(PDO; Franklin et al. 2000, Seamans et al. 2002, 
LaHaye et al. 2004, Olson et al. 2004, Dugger 
et al. 2005, Glenn 2009). These climate varia
bles included measures of seasonal and annual 

weather as well as longer-term measures of cli

matic conditions. 

We obtained mean temperature and precipi

tation data for each study area from Parameter 

Elevated Regression on Independent Slope Mod
els (PRISM) maps (Oregon Climate Service 
2008). PRISM maps were developed using 
weather station data and a digital elevation 

model to generate raster-based digital maps 
with 4-km2 resolution of mean monthly tem

perature (minimum and maximum) and pre

cipitation on each study area (Daly 2006). We 
combined the monthly maps into seasonal and 

annual maps that corresponded with important 

life history stages of the owl, including 
winter (1 Nov to 28 Feb), early nesting season 
(1 Mar to 30 Apr), late nesting season (1 May to 
30 Jun), and annual periods (1 Jul to 30 )un)_ 
Temperature and precipitation values for each 

study area and time period were obtained by 

computing the average values of raster cells for 

each seasonal or annual map that fell within the 

study area boundaries. 
We used the Palmer Drought Severity Index 

(PDSI) as an index of primary productivity that 
has the potential to influence abundance of 

Spotted Owl prey (NOAA 2008a). The PDSI is 
the deviation of moisture conditions from nor

mal (30-yr mean ~ 1970 to 2000), standardized 
so comparisons can be made across regions and 

over time (Alley 1984). Values ranged from -6 
(extreme drought) to +6 (extremely wet), with 
zero representing near-normal conditions. The 

index was calculated separately for climate 

regions within each state. Most study areas fell 

within one climate region. For study areas that 

includ.ed multiple climate regions, we used a 

weighted average of PDSI values based on the 
proportion of the study area that fell within each 

climate region. 
We used monthly values of the Southern 

Oscillation/el Nino Index (SOl; NOAA 2008b) 
and the Pacific Decadal Oscillation (PDO; Uni
versity of Washington 2008) to assess region
wide climate patterns. We averaged monthly 

values to obtain annual (lull to Jun 30) meas
ures of SOl and PDO. Consequently, all of the 
weather and climate covariates were random 

effects variables that were time-specific and 
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were applied at the scale of owl populations in 

the analyses of individual study areas. For the 
meta-analyses o[fecundity, survival, and A, the 
weather covariates were random effects varia

bles that were applied at the meta-population 
level, but with data that were specific to each 

study area. 

Land Ownership, Ecoregion, and 
Latitude Co variates 

To evaluate whether vital rates or rates of popu

lation change differed depending on land own
ership, ecoregion, or latitude, we developed cov

ariates for land ownership (OWN), ecoregion 
(ECO), and latitude (LAT). The ownership cov
ariate was a categorical variable that divided 

study areas into three categories depending on 

whether they were privately owned, federally 
owned, or included an approximately equal mix 

of private and federal ownership (Appendix A). 
The ecoregion covariate categorized each study 

area into one offive ecoregions that incorporated 

geographic location (state) and the major forest 
type in each study area (Appendix A). Latitude 
was a continuous variable measured at the 

center of each study area. In the meta-analyses 

of fecundity, survival, and A, all of these covari
ates were fixed effects variables that were applied 
at the scale of meta-populations. 

Reproduction Covariate 

To determine if there was evidence for a cost of 

reproduction on adult survival in the following 

year, we used the mean number of young 

fledged per female as a year- and study area
specific covariate in analyses of apparent sur

vivaL We also used the mean NYF covariate in 

recapture models to investigate the effect of 

reproduction on detection probabilities in ~he 

current year. The mean NYF covariate was time 

(year) -specific and used as a random effects var
iable at the scale of populations, comparable to 
the way we used the Barred Owl and habitat cov
ariates. In the meta-analysis of survival, the 

NYF covariate was applied at the scale of meta

populations. 

Fecundity 

Individual Study Areas 

We conducted all analyses of reproduction based 

on the annual number of young produced per 

territorial female (NYF), but to be consistent 
with previous reports (Forsman et al. 1996a, 
Franklin et al. 2004, Anthony et al. 2006), we 
present the data as "fecundity," where fecundity 
is the average annual number of female young 

produced per female owL We estimated fecun

dityas NYF/2, based on genetic evidence from 
blood samples of juveniles that the sex ratio of 
Spotted Owls is 1:1 at hatching (Fleming et al. 
1996). We assumed that the owls in our samples 
were representative of the population of territo

rial birds and that sampling was not biased 
toward birds that reproduced. We think these 
assumptions were reasonable because Spotted 

Owls typically occupy the same areas year after 

year and are reasonably easy to find even in 

years when they do not breed (Franklin et aL 
1996, Reid et al. 1999). 

For the analysis of individual study areas, we 
used PROC MIXED in SAS (SAS Institute, Inc. 
2008) to fit a suite of a priori models for each study 
area that included: (1) the effects of age (A), 
(2) general time variation (t), (3) linear (T) or 
quadratic (TT) time trends, (4) the proportion of 
Spotted Owl territories where Barred Owls were 

detected each year on each study area (BO; see 
Appendix B), and (5) an even-odd year effect 
(EO). In addition, we included a simple autore
gressive time effect model and the climate and 

habitat covariates described above (see also Appen
dix C). The autoregressive time effect model 
[AR(l)] fits a time trend but allows residuals to be 
non-independent where Y, ~ ~o + ~, t + e, and the 
correlation of e, and 8t+k ~ pk. Model ranldng and 
selection of best models were based on minimum 

AIC, (Burnham and Anderson 2002)_ 
Plots of the annual variance-to-mean ratio for 

all study areas confirmed that the variance of 
NYF was nearly proportional to the mean of 
NYF, with some evidence of smaller variances at 

higher levels of reproduction. This pattern was 
consistent with a truncated Poisson distribution 
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(Evans et a1. 1993) because Spotted Owls seldom 
raise more than two young. However, despite the 

integer nature of the underlying data (0, 1, 2, 
and rarely 3 young), the average annual number 

of young fledged per age class in each study area 
in each year was not distributed as Poisson 
(Franklin et a1. 1999, 2000; Anthony et a1. 2006). 

For this reason, we did not use a Poisson regres

sion because it is not robust to departures from a 

Poisson distribution (White and Bennetts 1996). 
Instead, we used regression models based on the 

normal distribution, which are less biased when 

distributions depart from normal. Sample sizes 

were also suffi.ciently large to justify the assump· 
tion of a normal distribution for each average as 

long as an allowance was made for the depend. 

ence of the variation on the mean (see below; 
Anthony et a1. 2006). The process of averaging 

NYF also clarified the definition ofthe sampling 
unit for this analysis, as the appropriate sample 

unit was not the individual owl, but the study 
area-age class combination, which responds to 

yearly effects that influence the entire study area. 

Autocorrelation issues in NYF over time for a 
particular territory were also avoided by treating 

study areas as the sampling unit. For all these 
reasons, we used the normal regression model 

on the annual averages for the analysis of NYF 

in each age class. 
We also reduced the effect of the variance-to· 

mean relation by fitting models to the annual 
mean NYF by age class. Annual means for each 

study area were modeled as 

PROC MIXED; MODEL MEAN_NYF ~ fixed effects. 

Thus, residual variation was a combination of 

year~to~year variation in the actual mean and 

variation estimated around the actual mean and 

is approximately equal to 

var(residual) ~ var(yr effects) + var(NYF)jn, 

where n = number of territorial females checked 

in a particular year. Our approach was justified 

for several reasons. First, we performed a vari~ 
ance components analysis in which we looked at 

the individual fecundity records of adult females 

and estimated the resulting variance compo~ 

nents after adjusting for the obvious even-odd 

year effects. Because Spotted Owls are highly 
territorial and long-lived, it is difficult to distin
guish between spatial and individual effects, 

and such effects are termed "spatial" compo~ 

nents in this report. Our variance components 

analysis showed that when comparing compo

nents of variance, spatial variance among terri~ 

tories tended to be small relative to temporal 

variance among years and other residual effects 

(see Results). Therefore, we concluded that 

ignoring spatial variance within study areas 

would not bias the results, which negated the 
need to include owl territory as a random effect. 

Second, we were able to support the key assump

tion that the var(residual) was relatively constant 

because (1) var(NYF)jn was small relative to 
var(yr effects); (2) the total number offemales 
sampled was roughly constant over time for 

each study area so that var(NYF)jn was roughly 
constant; and (3) relatively few «10%) territo· 
rial subadults were encountered, such that 

var(NYF)jn was also about constant even though 
var(NYF) may decline with increasing age class. 

The assumptions were verified by Levene's test 

for homogeneity of variances (Ramsey and 

Schafer 2002). Third, we assumed that residual 

effects were approximately normally distributed 
because, based on the central limit theorem, the 

average of the measurements will have an 

approximate normal distribution with large 

sample sizes even if the individual measure~ 

ments are discrete. Finally, covariates included 

in the analysis of each study area (such as BO) 
were more easily modeled at the study area 

(population) level with the above approach. 
The best model was not consistent among 

study areas, so we used a nonparametric approach 

to estimate mean NYF. First, we computed mean 

NYF for each year and age class, Then we aver

aged the means across years within each age 

class. The estimated standard error was com

puted as the standard error of the average of the 
averages among years. This method for estimat

ing NYF gave equal weight to all years, regardless 
of the number of birds actually sampled in a year, 
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and did not force a model for changes over time, 

It treated years as random effects with year effects 

being large relative to within-year-sampling vari

ation. Estimates weighted by sample sizes in each 

year were not substantially different. 

Meta·analysis of Fecundity 

In the meta-analysis of fecundity, we restricted 

the analysis to adult females only because sam

ples of1- and 2-yr-old owls were small «10%) in 
most data sets. In this analysis, we developed a 

set of a priori models similar to those developed 

for individual study areas, but in addition to the 
effects included in the models for individual 

study areas, we also investigated the effects of 

latitude (LAT) , ecoregion (ECO), and land own· 
ership (OWN; Appendix A) as fixed random vari· 

abies. We did not have habitat covariates for study 
areas in California, so we conducted two separate 

meta-analyses of fecundity. The first analysis 

included all study areas without any habitat cov· 
ariates, and the second included study areas from 

Washington and Oregon only, with habitat cov
ariates included in the a priori models. 

We used mixed models to perform meta~ 

analyses on mean NYF per year for the same rea

sons specified above for the study area analysis. 

An ecoregion by year (ECO'<yr) treatment combi· 
nation was defined for each study area with owls 

within study areas as units of measure. Thus, 

sampling units were study areas within ECO*yr, 

which we treated as a random effect in the mixed 

models. Because ownership, latitude, and ecore

gion apply at the study· area level rather than at 
the individual level, we conducted model selec

tion based on average NYF by study area and 

year. Model rankings and selection ofbest mod· 
els were based on minimum AIC or QAIC , , 
(Burnham and Anderson 2002). 

Apparent Survival 

Individual Study Areas 

We used capture-recapture (re·sighting) data to 
estimate recapture probabilities (p) and annual 

apparent survival probabilities ('1') of territorial 
owls. Recapture probabilities were defined as the 

probability that an owl alive in year t + 1 is recap· 
tured, given that it is alive and on the study area 

at the beginning of year t. Apparent survival was 

defined as the probability that an owl survives 
and stays on the study area from time t to t + 1, 

given that it is alive at the beginning of year t. 
Our general approach for estimating apparent 

survival was to first develop a set of a priori mod

els for analysis based on biological hypotheses 

that were discussed and agreed upon by all par
ticipants at the workshop. The a priori models 

were then represented by statistical models in 

program MARK (White and Burnham 1999). 
Then we evaluated goodness-of-fit and estimated 

an overdispersion parameter (t) for each data set, 

and estimated recapture probabilities and appar

ent survival for each capture-recapture data set 

with the a priori models in program MARK. If 

needed, we adjusted the covariance matrices and 

Alec values with c to inflate variances of parame

ter estimates and obtain QAIC, values for model 
selection. Then, we selected the most parsimoni

ous model for inference based on the QAIC, model 
selection procedure (Burnham and Anderson 

2002). Additional details on methods of estima

tion of survival from capture-recapture data from 

Northern Spotted Owls are provided by Burnham 

et a1. (1994, 1996) and Anthony et a1. (2006). 
We used Cormack-Jolly-Seber open popula· 

tion models (Cormack 1964, Jolly 1965, Seber 
1965, Burnham et a1. 1987, Pollock et a1. 1990, 

Franklin et a1. 1996) in program MARK (White 
and Burnham 1999) to estimate apparent sur· 

vival of owls for each year. The yearly estimate 
of apparent survival was roughly from 15 June 
in year t to 14 June in year t + 1, which corre

sponded with the approximate mid-point of the 
annual field season in the demographic studies 

(March or April to August). Owls first banded 

as subadults or adults were assigned to one of 
three non~juvenile age classes based on plum

age attributes (Forsman 1981, Moen et a1. 1991, 
Franklin et a1. 1996). The three age classes were; 

l·yr-old subadults (51), 2·yr·old subadults (52), 
and ;;;'3-yr·old adults (A). We did not estimate 

juvenile survival rates because estimates ofjuve

nile survival were confounded by permanent 
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emigration caused by natal dispersal (Burnham 
et aJ. 1996, Forsman et aJ. 2002). Although per
manent emigration can also cause underesti
mates of survival for non-juvenile owls, we did 

not consider this a serious bias because site 
fidelity of adult Spotted Owls is high and 
because breeding dispersal is most commonly 
restricted to short movements between adjacent 

territories (Forsman et aJ. 2002). 
The goal of the data analysis and model selec

tion process was to find a model from an a priori 
list of models that was best in the sense of 
Kullback--Leibler information (Burnham and 
Anderson 2002). Prior to model fitting we used 
the global model 'I'(a*s"t), p(a*s"t) to evaluate 
each data set for goodness-of-fit to the assump
tions of the Cormack--Jolly--Seber model using 
the combined x,z values and degrees of freedom 

for Test 2 and Test 3 from program RELEASE 
(Lebreton et aJ. 1992). The global model included 
estimates of age (a), sex (s) and time (t) effects, 
plus the interactions among age, sex, and time 

for both 'P and p. 

while one interior knot was placed midway 
between the first year of each study and 2002, 
and the other interior knot was placed at 2002. 
Cubic spline models with two interior knots 

estimated six additional parameters each. 
We conducted model selection in three stages. 

First, we identified the best p structure for the 
data in each study area by using AIC, model 
selection (see below) to choose the best model 
from among a set of a priori recapture models 

developed during the protocol session. The a 
priori models included 11 models that were the 
same for all study areas (Appendix E) plus up to 
three optional "biologist's choice" models that 
could be included if group leaders wanted to 
evaluate the effects of unique conditions on 

their study areas. In this stage, we used the 
same global structure on 'P for all models 
['I'(g*s*t)], where "g" indicates study area. Then, 
in stage two, we applied the best p structure 
from stage one to 64 a priori survival models 
developed during the protocol session (Appen
dix F) and used AIC, model selection to identify 
the best survival model for each study area. 
Then, we used the 'P structure from the best 2 to 
3 models in stage two in combination with the p 
structure from the best 2 to 3 models in stage 

one to develop 4 to 9 additional models. 

We computed estimates of Qverdispersion (e) 
using the median-e procedure in program 
MARK to determine if there was evidence of 

overdispersion in the data. In cases where there 
was evidence of overdispersion, we used esti
mates of t3 to inflate standard errors and adjust 

the log-likelihood function for the effects onack 

of independence in the data. 
For the analysis of survival on the individual 

study areas, we fit models that included the 
effects of age, sex, time, time trends (linear, 
quadratic, autoregressive, change~point, cubic 
spline), and the annual covariates for reproduc

tion (Appendix D) and Barred Owls (Appendix 
B). We used cubic spline models to fit flexible 
trends without specifying their form (Hastie 
and Tibshirani 1990, Green and Silverman 1994, 
Venables and Ripley 1999). Spline models pro
vide this flexibility by estimating cubic polyno
mial trends between a series of four knots (two 
boundary, two interior) in such a way that the 
polynomials meet smoothly (Le., are differenti
able) at each knot. Boundary knots were placed 
at the starting and ending year for each study, 

We used maximum likelihood estimation to 

fit models (Brownie et aJ. 1978, Burnham et aJ. 
1987) and optimized parameter estimation 
using program MARK (White and Burnham 
1999). We used QAIC, for model selection 
(Lebreton et aJ. 1992, Burnham and Anderson 
2002), which is a version of Akaike's Information 
Criterion (Akaike 1973, 1985; Sakamoto et aJ. 
1986) corrected for small sample bias (Hurvich 
and Tsai 1989) and overdispersion (Lebreton 
et aJ. 1992, Anderson et aJ. 1994). We computed 
QAIC, for each candidate model and selected 
the model with the lowest QAIC, value as the 
best model for inference. We used llQAIC, 
values to compare models, where AQAICd = 

QAIC . _ minQAIC . We used Akaike weights " , 
(Wi) (Le., model probabilities) to address model 
selection uncertainty and the degree to which 
ranked models were considered competitive. We 
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also used Akaike weights to compute estimates 
of time-specific, model~averaged survival rates 

and their standard errors for each study area 
(Burnham and Anderson 2002:162). We used 
model averaging because there were usuctlly 
several competitive (llQAIC, < 2.0) models for a 
given data set (Burnham and Anderson 2002). 

For each study area, we used the variance 

components module of program MARK to esti
mate temporal process variation ((J2t 1; cmpora 

White et aJ. 2001, Burnham and White 2002). 
Use of variance components allowed us to sepa~ 
rate sampling variation (variation attributable to 

estimating a parameter from a sample) in appar~ 
ent survival estimates from total process varia
tion. Process variation was decomposed into 

temporal (parameter variation over time) and 
spatial (individuals on territories) components. 

Meta-analysis of Apparent Survival 

The meta~analysis of apparent survival rates 

was based on capture histories of adult males 
and females from 11 study areas. Subadults were 
not incluueu because sam-ples of subadults were 
small in many study areas, and our objective 
was to reduce the complexity of the analysis to 
focus on the main variables of interest, includ

ing trends in adult survival and the effects of 
the Barred Owl, reproduction, weather, and 
habitat covariates. Apparent survival and recap

ture probabilities were estimated with the 
Cormack--Jolly--Seber model using program 
MARK (White and Burnham 1999). The global 
model for these analyses was 'I'(g*s*t) p(g*s*t), 
where g was study area, s was sex, and twas 
time (yr). Goodness-offitwas assessed with the 
global model in program RELEASE (Burnham 
et aJ. 1987), and the estimate of overdispersion 
(c) was computed as the average of the e esti
mates from the median-t3 routine for each of the 

11 study areas, weighted by the number of owls 
in each study area analysis. Estimates of overd

ispersion were used to adjust model selection to 
QAICc and to inflate variance estimates. We iniM 
tially evaluated eight models of recapture prob

ability [p (gH), p(R), P (g+sH), P (R +s), P ([gH]*s), 

p(R*s), p(EO), p(BO+g)] with a general struc
ture on apparent survival i'l'(g*Hs)], where R 
indicates the effect of reproduction in the cur

rent year and BO indicates the potential effect of 
Barred Owls. Using the best model structure 
for p from the initial eight models, we evaluated 
15 additional models for apparent survival to 
determine which combinations of area, sex, 
time, Barred Owl effects (BO), and reproductive 
effects (R) minimized the amount of Kullback-
Leibler information loss (Appendix G). Sex was 
then removed from the best model to check for 
strength of this effect. Then we ran four more 
models in which the group effect of study area 
(g) was replaced with the group surrogates 
OWN, ECO, OWN*ECO, and Latitude (LAT). 
Next, we added six climate covariates for all 

study areas and a habitat covariate (HABl) for 
study areas in Washington and Oregon. The 
habitat covariate was added to the base model of 
'I'(g) as either an additive (+) or an interactive 
(*) effect. Comparable habitat data were not 
available for study areas in California, so the 
habitat covariate was applied only to study areas 
in Washington and Oregon. Time variation for 
California study areas was modeled with an 
additive time effect (t) instead of habitat. Cli
mate data for the Southern Oscillation Index 
(SOl), Pacific Decadal Oscillation (PDO), mean 
amount of precipitation during the early nest

ing season (ENP), and mean temperature dur
ing the early nesting season (ENT) were added 
to the base model of 'p(g) as either additive (+) 
or interactive (*) effects. 

After reviewing the results of the above analy
ses, we concluded that the annual variability in 
apparent survival was too great for any of the 
covariates for Barred Owls, reproduction, habi~ 

tat, or climate to have a measurable effect on the 
modeling or estimates. Consequently, we used 

the Method of Moments random effects module 
(White et aJ. 2001) in program MARK to do 
some additional a posteriori modeling of appar~ 

ent survival with the above covariates in order to 
determine the amount of temporal variability 
explained by each covariate. We used the gen

eral model 'I'(g*t) p (g+s+t) in the random effects 
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analysis. To estimate the temporal variation 
explained by each covariate, a random effects 
design matrix was used that included the study 
area effect (g) plus the temporal covariate. 

Annual Rate of Population Change (A.) 

Individual study Areas 

In the analysis of annual finite rate of popula· 
tion change (A.), we used estimates from the 
reparameterization of the Jolly-Seber capture
recapture model (A.RIS )' which was imple· 
mented in program MARK based on the 
jparameterization of the temporal symmetry 
models of Pradel (1996; see also Franklin 2001). 
The rationale for using this parameterization 
instead of Leslie matrix models was discussed 
in detail in Franklin et al. (2004) and Anthony 
et al. (2006). Most importantly, estimates of 
survival rates for juvenile owls from capture
recapture data are biased low because of exten
sive emigration from the study areas; losses to 
natal dispersal lead to negatively biased esti· 
mates of A. from Leslie matrix models (Anthony 
et al. 2006). Since the Pradel (1996) methou ana
lyzes capture histories in both a forward and 
backward manner, it treats mortality, reproduc
tion (recruitment), and movements into and out 
of the study areas equally, and therefore pro· 
duces less-biased estimates of A. (see Anthony 
et a1. 2006:11 to 13). The two primary assump
tions of the Pradel (1996) method are that study 
area size is constant and that survey effort is 
relatively constant in each sampling interval. In 
other words, owls are not gained or lost because 

of changes in effort or survey area. 
In addition to obtaining annual estimates ofA 

(A,) and trends over time in these estimates, the 
Pradel model allowed for the decomposition of 
A.

t 
into two components, apparent survival (<p) 

and recruitment (j), where: 

At~'I't+.t; 

new animals in the population at time t + 1 per 
animal in the population at time t and reflects 
both in situ recruitment (individuals born on 
the study area that become established territory 
holders) and immigration of recruits from out
side the study area. Unfortunately, we were una
ble to further decompose <Pt and ft· The comple
ment of adult survival includes losses to death 
and permanent emigration, whereas recruit
ment includes immigration of new adults, as 
well as reproductive rate, survival of young, and 
ability of young birds to obtain territories. Con
sequently, the estimates of A.t accounted for all 
of the losses and gains in the study area popula
tions during each year. All estimates of A were 
truncated at 2006, because parameter estimates 
for the last two years of study were not estima
ble. In addition, we removed 1 to 5 of the first 
years of surveys to eliminate any potential bias 
in estimates of A that may have been associated 
with any artificial population growth associated 
with initial location and banding of owls that 
occurred during the first few years of each study 
(Anthony et a1. 2006). Our procedure resulted in 
lruncated data sets for each study area, which 
satisfied the second assumption of equal sam
pling effort for the Pradel (1996) method. 

Estimates of Realized Population Change 

We used the methods of Franklin et a1. (2004) to 
convert estimates of ~ to estimates of realized 
population change (At), which is the proportional 
change in estimated population size relative to 
population size in the initial year of analysiS. 
We computed annual estimates of realized 
population change on each study area as 

Here, <l>t is local apparent survival and reflects 
both survival of territory holders within study 
areas and site fidelity of territory holders to 
study areas. Recruitment (f,) is the number of 

where x was the year of the first estimated A,. To 
compute 95% confidence intervals for Llt' we 
used a parametric bootstrap algorithm (see 
Franklin et a1. 2004:19) with 1,000 simulations. 
Under this approach, we used the estimates of 
annual survival, ~t' recruitment,]t, and recapture 
probabilities, Pt' together with an estimate of 
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initial abundance, Nx' to stochastically generate 
individual capture histories. Each of the 1,000 
generated data sets (sets of capture histories) 
was then analyzed as data and used to obtain 
estimates of At and Ll l , from which empirical 
confidence intervals were constructed. Specifi
cally, we followed the basic approach of Anthony 
et a1. (2006), where the 95% confidence intervals 

were based on the ith and jth values of "" 
arranged in ascending order, where i ~ (0.025) 
(1,000) andj ~ (0.975)(1,000). 

Meta-analysis of Annual Rate of Population Change 

We used encounter histories from banded terri
torial owls (subadults and adults) in the meta
analysis of A. from the 11 study areas. In this 
analysis, we used the most general model [<p(g"t) 
p(g*t) f(g*t)1 as the basis of the random effects 
modeling. Our approach permitted inferences 
about the influence of the various covariates on 

A" <Pt' and ft and allowed us to investigate whether 
<Pt or It appeared to covary more closely with Ar 
Modeling results included models in two catego
ries: 45 models in the original a priori model set 
and six additional models developed a posteriori 
after looking at the results of the initial model set 
(Appendix H). Basically, there was evidence from 
the ranking of the a priori models that two cov
ariates (ecoregions, Barred Owls) were important 
sources of variation for <Pt and ft, so we developed 
six models that included both covariates (see last 
six models in Appendix H). Thus, our inferences 
were based on the original members of the model 
set, but we believe that the two-covariate models 
that we explored should be considered for future 
modeling in the next cooperative meta-analysis. 
As in the analyses of individual study areas, esti
mates of A from the meta-analysis were truncated 
at 2006, because parameters for the last two years 
of study were not estimable. 

Statistical Conventions 

We used estimates of regression coefficients (P) 
and their 95% confidence intervals as evidence 
of an effect on fecundity, apparent survival, or 
annual rates of population change by the differ-

ent factors or covariates in models. The sign of 
the coefficient represented a positive (+) or neg
ative (-) effect of a factor or covariate, and the 
95% confidence intervals were used to evaluate 
the evidence for P < 0.0 (negative effect) or P > 
0.0 (positive effect). We did not use 95% confi
dence intervals as strict tests of P = 0.0, but as 
measures of precision and general evidence of 
an effect. For example, if the 95% confidence 
intervals for a regression coefficient did not 
overlap 0 and the covariate was included in the 
best or a competitive model, we concluded that 
there was "strong evidence" for an effect of that 
factor or covariate. If the 95% confidence inter
val overlapped 0 broadly, regardless of the model 
it occurred in, we concluded that there was "no 
evidence" for an effect of that factor or covariate. 
Lastly, if a 95% confidence interval overlapped 0 
only slightly, with <10% of the interval above or 
below 0, we concluded that there was "some evi
dence" of an effect of that factor or covariate. We 
attempted to use this approach consistently 
throughout all of the modeling of fecundity, 
apparent survival, and annual rate of population 
change (Anthony et al. 2006). 

WORKSHOP PROTOCOLS 

Data from the demographic studies of Northern 
Spotted Owls have been examined in four previ
ous workshops, the results of which have been 
described in four published reports (Anderson 
and Burnham 1992, Burnham et a1. 1994, Fors
man et al. 1996a, Anthony et a1. 2006) and one 
unpublished report (Franklin et a1. 1999). Par
ticipants in these workshops knew that their 
data and methods would be subjected to consid
erable scrutiny, and they developed a transpar
ent and consistent protocol for conducting the 
analyses (Anderson et a1. 1999). We followed the 
same protocol in our workshop, which was held 
during 9 to 19 January, 2009. Our first step was 
to subject the data to a formal error-checking 
process prior to the workshop to make sure that 
all data were correctly prepared for analysis and 
that all participants followed the same field pro
tocols for assessing fecundity and survival of 
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owls. The error-checking process was accom
plished by first having the lead biologist on each 
study area prepare their fecundity files and cap
ture history files in a standardized format for 
analysis in programs SAS (SAS Institute, Inc. 
2008) or MARK (White and Burnham 1999). 
Then we had each group leader submit the field 
data forms for a randomly selected sample of 10 
records each from their fecundity files and cap
ture history files. If the data were correctly for
matted and the field data forms supported the 
data in the random sample, then the data were 
approved for analysis. If not, the study area 
leader was apprised of any problems and asked 
to review and correct their files before resubmit
ting another 10 randomly selected records for 
review. The resampling process was repeated 
until no errors were found in the random sam
ples from each area. Upon arrival at the work
shop, each study area leader signed a form stat
ing that their data had passed the error-checking 
process and were ready for analysis. 

Once at the workshop, the entire group ofbiol
ogists and analysts met and discussed the plausi
b�e hypotheses and developed the protocols and a 
priori models that were used in the analysis 
(Anderson et al. 1999). The planning part of the 
workshop involved 2.5 days of discussion, includ
ing presentations and discussions regarding the 
covariates that were available for analysis. Once 
the protocol session was complete and everyone 
was in agreement regarding which hypotheses 
would be used and how they would be modeled, 
the analysis began, and all participants agreed 
that, regardless of the outcome, they would not 
withdraw their data once the analysis started. 

RESULTS 

Fecundity 

Individual study Areas 

Estimates of fecundity (mean number of female 
young fledged per female per year) were based 
on 11,450 observations of the number of young 
produced by territorial females. Female age was 
an important factor affecting fecundity on all 

areas (Table 2), with mean fecundity generally 
lowest for l-yr·olds (0.070 ± 0.015), intermediate 
for 2-yr.olds (0.202 ± 0.042), and highest for 
adults (0.330 ± 0.025; Table 3). Estimates of 
mean fecundity also varied among study areas 
(Table 3). The overall composition of the territo· 
rial female population across all areas and years 
was 3.8% l-yr-olds, 6.1% 2-yr-olds, and 90.1% 
adults. Mean fecundity of adults and 2·yr-olds 
was markedly higher on the CLE study area 
than on all other study areas (Table 3). 

In 9 of the 11 study areas, the best model or a 
competitive model included a biennial pattern 
of high reproduction in even years and low 
reproduction in odd years (EO effect; Table 2). 
However, this even-odd year effect was stronger 
in some areas than others and appeared to be 
less prominent in the later years of the study 
(Fig_ 3). In addition, alternative models with 
other types of time effects on fecundity [T, TT, 
AR(1)] were competitive with the EO models 
(Table 2). Thus, no single model adequately 
explained the annual variation in fecundity 

across all areas. 
Of the 11 study areas, seven (CLE, COA, 

HJA, TYE, KLA, NWC, GDR) had top models 
or competitive models that included linear (T) 
or quadratic (TT) time trends on fecundity 
(Table 2). The best model that included a lin
ear or quadratic time trend on fecundity is 
listed for each study area in Table 4, along with 
the slope coefficients and 95% confidence 
intervals for each model. Based on 95% confi
dence intervals for Ws that either did not over
lap zero or barely overlapped zero (Table 4), we 
concluded that fecundity was declining in five 
areas (CLE, KLA, CAS, NWC, GDR), stable in 
three areas (OLY, TYE, HUP), and increasing 
in three areas (RAI, COA, HJA). Although the 
best trend model for CAS was not competitive 
(AAIC, = 6.07), the 95% confidence interval 
for the slope coefficient from that model did 
not include zero, suggesting this was an impor
tant, if not the best, effect that we investigated 
for fecundity on CAS (Table 4). Annual varia
tion in fecundity was high on the Washington 
study areas compared to study areas in Oregon 
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TABLE 2 
Best model and competing models with AAIC!;" < 2. 0, from the analysis of mean age-specific fecundity for 

female Northern Spotted Owls on 11 study areas in Washington, Oregon, and California. 

Study area 

Washington 

CLE 

RAI 

OLY 

Oregon 

COA 

HJA 

TYE 

KLA 

Modelsa 

A + AR(l) 

A + AR(l) + HAB1 

A + T + AR(l) 

A + EO + ENT 

EO 

A+ EO 

EO + HAB1 

A + T + AR(l) + HAB1 

A+ EO 

A + EO + HAB1 

A + EO + ENT 

A + EO + BO 

A + AR(l) + HABI 

A + EO +T 

A + T + HAB1 

A+AR(:l) 

A +T + AR(l) 

A + EO + T + HABl 

A + EO + SOl + HABl 

A + EO + ENP 

A + EO + BO +TT 

A + TT + EO + AR(l) 

A + EO + HAB1 

A + EO + BO + HABl 

A + EO + T + HAB1 

A + EO + LNP + HAB1 

A + AR(l) + HAB1 

A + TT + AR(l) + HAB1 

A + T + AR(l) + HAB1 

A + T + AR(l) 

A + AR(l) 

A + EO + T + HAB1 

A + BO 

K 

5 

6 

6 

6 

3 

5 

4-

7 

5 

6 

6 

6 

6 

6 

6 

5 

6 

7 

7 

6 

7 

8 

6 

7 

7 

7 

6 

8 

7 

6 

5 

7 

5 

-21ogL 

85.1 

84.1 

84.1 

33.0 

52.1 

47.7 

51.3 

-3.7 

2.2 

-0.5 

-0.5 

-0.5 

-0.2 

-0.1 

-0.1 

2.9 

0.3 

-2.6 

-2.5 

0.7 

-1.8 

-4.8 

25.2 

22.6 

23.7 

23.9 

28.2 

22.9 

26.1 

28.8 

32.5 

13.0 

18.8 

96.5 

98.1 

98.2 

48.5 

58.9 

60.0 

60.7 

13.5 

13.8 

13.8 

13.8 

13.9 

14.1 

14.2 

14.3 

14.3 

14.6 

14.6 

14.7 

15.1 

15.4 

15.4 

39.3 

39.4 

40.5 

40.7 

42.0 

42.0 

42.5 

42.6 

43.7 

29.4 

30.1 

0.00 

1.51 

1.69 

0.00 

0.00 

1.10 

1.80 

0.00 

0.30 

0.30 

0.40 

0.40 

0.60 

0.70 

0.80 

1.00 

1.10 

1.10 

1.20 

1.60 

1.90 

1.90 

0.00 

0.10 

1.20 

1.40 

0.00 

0.24 

0.11 

0.11 

0.28 

0.22 

0.13 

0.09 

0.06 

0.05 

0.05 

0.05 

0.05 

0.04 

0.04 

0.04 

0.04 

0.03 

0.03 

0.03 

0.03 

0.02 

0.02 

0.17 

0.16 

0.09 

0.08 

0.19 

0.00 0.19 

0.50 0.15 

0.60 0.14 

1.70 0.08 

0.00 0.07 

0.60 0.05 

TAB LE 2 (continued) 



TABLE 2 (CONTINUED) A 
Washington 

1.0 

Study area 

CAS 

California 

NWC 

HUP 

GDR 

A+ EO + BO + HAB! 

A + EO + HABI 

A + EO + BO 

A+TI 

A + BO + HABI 

A + EO +TT 

A*EO + T + HABI 

A + EO + BO + T 

A 

A + EO + ENT + HABl 

A+T 

A +T +AR(I) 

A*EO + T 

A+TI 

A + EO +T 

A + BO +T 

A+EO+ENT 

A+ PDO 

A+ ENT 

A + EO + PDO 

A + ENP 

A + EO +T 

A + EO + BO 

K 

7 

6 

6 

6 

6 

6 

9 

7 

4 

7 

5 

6 

8 

6 

6 

6 

6 

5 

5 

6 

5 

6 

6 

-210gL 

13.7 

16.1 

16.6 

16.9 

17.0 

14.4 

9.0 

14.9 

22.5 

16.2 

45.4 

43.9 

18.8 

44.9 

44.9 

44.9 

-1.3 

2.1 

2.1 

-0.4 

1.2 

-13.1 

-12.2 

10.! 

10.! 

10.4 

10.7 

10.8 

10.8 

11.1 

11.3 

11.4 

52.9 

56.4 

57.1 

57.1 

58.1 

58.1 

58.1 

13.1 

13.8 

14.0 

14.0 

14.8 

0.6 

1.5 

0.60 

0.60 

0.90 

1.30 

1.40 

1.40 

1.70 

1.90 

1.90 

0.00 

0.00 

0.90 

0.91 

1.94 

1.94 

1.95 

0.00 

0.G4 

0.85 

0.88 

1.70 

0.00 

0.91 

0.05 

0.05 

0.04 

0.04 

0.04 

0.04 

0.01 

0.01 

0.02 

0.51 

0.18 

0.12 

0.12 

0.07 

0.07 

0.07 

0.16 

0.12 

0.10 

0.10 

0.07 

0.28 

0.18 

a Model notation indicates structure for effects of owl age (A), even-odd years (EO), linear time (T), quadratic time (TI), autoregressive 
time [AR(l)], proportion of territories with Barred Owl detections (BO), percent cover of suitable owl habitat within 2.4 km of owl 
activity centers (HAB1), early nesting season precipitation (ENP), late nesting season precipitation (LNP), early nesting season 
temperature (ENT), and Pacific Decadal Oscillation (PDO). Habitat information was not available for California, so we did not fit 

models with habitat CDvariates for study areas in California. 

and California, which may have made it more 
difficult to detect trends in Washington (Fig. 3). 
For example, there were a few years with zero 
reproduction on the RAJ and OLY study areas 
in Washington, whereas years with no repro
duction were rare on study areas in Oregon 
and were never observed in any of the California 

study areas (Fig. 3)_ 
Models that included the Barred Owl covari

ate were part of the top model or competitive 

models for five study areas (eOA, HJA, KLA, 
NWC, GDR; Table 2). Confidence intervals for 
the slope coefficients of the Barred Owl effect 
from the best linear or quadratic time-trend 
model that included the BO covariate indicated 
a negative relationship between Barred Owls 
and fecundity on four study areas (COA, KLA, 
CAS, GDR) and a positive relationship between 
Barred Owls and fecundity on one study area 
(HJA; Table 5). On the other six areas (CLE, 
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TABLE 3 
Estimates of mean fecundity (number offemale young produced per female) of Northern Spotted Owls on 

11 study areas in Washington, Oregon, and California, subdivided by age class. 

51 S2 Adults 

SE 
Study area Years n' x SE n' x SE n' x 

Washington 

CLE 1989-2008 27 0.115 0.083 36 0.517 0.109 499 0.553 0.052 

RAI 1992-2008 6 0.100 0.100 11 0.111 0.111 269 0.302 0.065 

OLY 1990-2008 8 0.150 0.100 12 0.361 0.162 711 0.300 0.060 

Oregon 

COA 1990-2008 25 0.000 0.000 53 0.094 0.039 1.460 0.263 0.040 

HJA 1988-2008 15 0.083 0.083 48 0.110 0.043 1,184 0.323 0.041 

TYE 1990-2008 67 0.018 0.013 87 0.218 0.065 946 0.305 0.034 

KLA 1990-2008 90 0.056 0.024 133 0.289 0,045 1.137 0.377 0.033 

0.052 
CAS 1991-2008 37 0.060 0,038 68 0.210 0.064 1.176 0.347 

California 

NWC 1985-2008 71 0.088 0.054 94 0.152 0,038 1,108 0.324 0.027 

HUP 1992-2008 17 0.000 0.000 25 0.077 0.052 377 0.230 0.033 

GDR 1990-2008 69 0.Q95 0.034 126 0.080 0.024 1,458 0.305 0.030 

Averages 11 0.070 0,015 11 0.202 0.0;2 11 0.330 0.025 

"Sample size indicates the number of cases in which we sampled owls in each age class. ~his is not a sam~le that;ros used to 
calculate means and standard errors. Those estimates were based on the number of years III the survey penod. Estimates were 
determined using a nonparametric approach. Total number of samples by age class was: SI = 432, S2 = 693, Adult = 10,325. 

RAI, OLY, TYE, NWC, HUP), the 95% confi

dence intervals on the slope coefficients of the 
Barred Owl effect broadly overlapped zero, indi

cating little evidence of an effect of Barred Owls 

on fecundity (Table 5). In all study areas, the 

proportion of Spotted Owl territories with 

Barred Owl detections was increasing with 
time, but variable among study areas (Appen

dix B). As a result, temporal trends in fecundity 

and the Barred Owl covariate were negatively 
correlated and not easily separated. On some 
study areas, the temporal effect on fecundity 

may have been stronger, and this may explain, 
in part, the lack of effects of Barred Owls on 

fecundity in some areas. As a result, there was 
general uncertainty in selection of models with 
time trends versuS Barred Owl effects for most 

study areas (Table 2). 

The habitat covariate (HAB1) was in the top 

model for all study areas in Oregon, and in COID

petitive models for two of the three study areas 

in Washington (Table 2). In Oregon, all 95% 

confidence intervals for regression coefficients 
for the habitat covariate excluded zero, and on 
four of the five areas (COA, HJA, TYE, CAS) the 

habitat effect was positive as predicted, with 

increased reproductive success associated with 
increased amounts of suitable habitat. The 
exception was the KLA study area, where there 

was evidence that reproductive success declined 
with increases in suitable habitat (Table 6). On 

all three study areas in Washington, 95% confi

dence intervals for the habitat covariate broadly 

overlapped zero, indicating that there was little 

evidence for a habitat effect on fecundity on 

those areas (Table 6). 
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TABLE 4 
Regression coefficients ([3) for time trends on the mean annual number of youngjledged by 

adult female Northern Spotted Owls in 11 study areas in Washington, Oregon, and California. 

Estimates based on the best model containing linear (I), quadratic (TI), or autoregressive [AR(l)] time trends. 

95% CI 

Study area Best modela MICe ~ SI! Lower Upper 

Washington 

CLE A + T + AR(l) 1.69 ·0.005 0.006 -0.017 0.006 

RAI A + EO + BO + T 4.49 0.030 0.017 -0.005 0.065 

OLY A + EO + T 3.89 0.004 0.008 -0.014 0.021 

Oregon 

COA A + AR(I) + T + HABI 0.00 0.070 0.035 -0.001 0.142 

HJA A + EO + T + HABI 1.22 0.010 0.008 -0.006 0.027 

TYE A + IT + AR(I) + HABl" 0.00 0.106 0,046 0.014 0.197 

0.002 0.001 -0.000 0.004 

KLA A + EO + T + HAB! 0.00 -0.024 0.008 -0.039 -0.008 

CAS A + EO + T 2.34 -0.015 0.005 -0.026 -0.004 

California 

NWC A+T 0.00 -0.009 0.003 -0.Q15 -0.003 

HUP A+T 4.40 0.005 0.004 -0.004 0.013 

GDR A + EO +T 0.00 -0.007 0.003 -0.012 0.002 

".Model notation indi;:ates strw;tur: for .effects of owl age (A), even-odd years (EO), linear time (1'), quadratic time (TT), autoregressive 
nn;e.[AR(l)j, proportion ofterntones With Barred Owl detections (BO), percent cover of suitable owl habitat within 2.4 km of owl 
actl~lty :enters (HAllI),. em:1y nestin~ season precip~tation (ENP), early nesting season temperature (ENT), and Pacific Decadal 
?scill~hon.(PDO). Habltat mformatlOn was not available for California, so we did not fit models with habitat covariates for study areas 
m Califorma. 

b The first estimate is the linear telro, and the second is the quadra~ic term. 

Weather or climate covariates occurred in 
competitive models for RAI, COA, HJA, CAS, 

and HUP (Table 2), but the best covariate and 

the direction of the effect varied among areas 
(Table 7). In particular, the effect of tempera

ture during the early nesting season (ENT) 

occurred in the top model or a competitive 
model for four study areas (RAI, COA, CAS, 

HUP; Table 2). In three of those areas (RAI, 

COA, CAS), fecundity was positively associated 

with ENT, as predicted, but the confidence inter

vals on the slope coefficient for COA included 

zero (Table 7). In contrast, fecundity was nega

tively associated with ENT on the HUP study 

area, which was contrary to what we predicted 
(Table 7). ENT was also the best climate covari-

ate for GDR, but the model containing ENT was 

not competitive, and 95% confidence limits on 
the slope coefficients for the ENT effect included 

zero (Table 7). 
Precipitation during the early nesting season 

(ENP) occurred in a competitive model for one 

study area (COA) and was the best weather/cli

mate covariate for CLE and NWC as well 

(Table 7). The 95% confidence intervals on the 

slope coefficients for ENP excluded, or just 

barely included, zero for all three of these study 

areas, and the association was negative, as pre
dicted (Table 7). There was weak evidence for a 

negative effect of precipitation on fecundity dur

ing the late nesting season (LNP) on the HJA 

study area, but the 95% confidence interval for 
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TABLE 5 

Regression coefficients (~) for the effect of Barred Owls on the mean annual number of youn~f1e~ged by 
adult female Northern Spotted Owls in 11 study areas in Washington, Oregon, and California. 

Estimates are from the best model that included the Barred Owl (BO) covariate. 

95% CI 

Study area BestmodeF L\AICc ~ sE Lower Upper 

Washington 

CLE A + TT + BO + AR(I) 5.25 0.584 0.983 -1.397 2.566 

RAI A + EO + EO 4.11 -0.505 0.462 -1.455 0.446 

OLY A+EO+BO 4.05 0.045 0.315 ·0.601 0.691 

Oregon 

COA A+ EO + BO 0.37 -0.137 0.083 -0.305 0.031 

HJA A + EO + BO + HABI 0.12 0.289 0.176 -0.065 0.643 

TYE A + TT + BO + AR(I) + HABl 2.34 -0.513 0.726 -1.972 0.946 

KLA A+ BO 0.61 ·0.459 0.234 ·0.928 0.010 

CAS A + EO + BO 7.40 -0.972 0.387 -1.752 -0.193 

California 

NWC A + BO +T 1.95 0.554 0.806 -1.057 2.165 

HUP A+ BO 4.88 0.197 0.230 -0.269 0.662 

GDR A+ EO + EO 0.91 ·0.494 0.203 ·0.902 -0.087 

a Model notation indicates structure for effects of owl age (A), even-odd years (EO), linear t.ime ("1"), quad~atic t~lU: (TT), autoregressive 
time [AR(l)]. proportion of territories with Barred Owl detections (BO), percent cover of SUItable owl ha~'tat w,:hm 2.4 ~m of owl 
activity centers (HABl). Habitat information was not available for California, so we did not fit models WIth habItat covanates for study 

areas in California. 

the beta coefficient overlapped zero (Table 7). 
The Southern Oscillation Index (SOl) was the 
best weather/climate covariate for OLY, but the 
model that included SOl was not competitive 
with the best model, and the 95 % confidence 
interval on the slope coefficient overlapped zero 
(Table 7). The best weather/climate covariate for 
TYE indicated a negative effect of late nesting 
season temperature (LNT) on fecundity 
(Table 7). While this model was not competitive 
with the best model, the 95% confidence limits 
on the slope coefficient for the effect of LNT 
excluded zero, suggesting that temperature dur
ing the late nesting season was an important 
effect and possibly the best predictor offecun

dity for TYE. 
Estimation of spatial (site-to-site), temporal (year

to-year), and residual variance on the territory-

specific data from the best models indicated 
that the proportion of variance in number of 
young fledged attributable to territories and/or 
individual owls (spatial) was generally <6% 
(Table 8). The proportion of variance attributa
ble to fluctuations over time was usually in the 
range of 10 to 20%, while the proportion of 
unexplained (residual) variation was generally 
>80%. As a consequence, the explainable varia
tion in fecundity by time and territory was over
whelmed by unexplained, residual variation. 

Meta·analysis of Fecundity 

The meta-analysis of fecundity for all study 
areas with no habitat covariates included pro
duced three competitive models (ECO+t, 
LAT+t, ECO+t+BO), which accounted for 42%, 
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TABLE 6 
Regression coefficients (~) from the best model containing the effect of habitat on the mean annual number of young 

fledged per adult female Northern Spotted Owl in eight study areas in W(jshington and Oregon. 

95%CI 

Study area BestmodeP LlAIC, ~ SI! Lower Upper 

Washington 

CLE A + AR(I) + HASI 1.5 1.236 1.129 ·1.248 3.720 

RAI A + EO + ENT + HABI 3.2 -1.465 3.832 -9.356 6.426 

OLY EO + HAB! 1.8 -9.253 10.305 -30.300 11.792 

Oregon 

COA A + T + AR(l) + HAB! 0.0 15.672 7.346 0.792 30.552 

HJA A + EO + I-lAB! 0.0 11.313 2.650 5.787 16.475 

TYE A + AR(I) + HABI 0.0 0.909 0.432 0.031 1.788 

KLA A + EO + T + HABl 0.0 8.737 3.415 -15.600 -1.871 

CAS A + EO + ENT + HABI 0.0 6.066 2.313 1.405 10.727 

~ Model notation indicates struclure for effects of owl age (A), even-odd years (EO), linear time (1'), autoregressive time [AR(l)], 
percent cover ofsuitablc owl habitat within 2.4 km of owl activity centers (HAn1), early nesting season temperalure (ENT), and forest 
habitat within 2.4 km radius of owl territory (HABl). Habitat information was not available for California, so we did not fit models 
with habitat covariates for study areas in California. 

34%, and 19% of the model weights, respec
tively (Table 9). These three models suggested 
that fecundity varied by time and was parallel 
across ecoregions orlatitudinal gradients (Fig. 4), 
with some weak evidence for an additional 
Barred Owl effect. The estimate of the regres
sion coefficient for the best model with the BO 
effect was negative, suggesting fecundity 
decreased as the proportion of territories where 
Barred Owls were detected increased. However, 
the 95% confidence interval for the beta coeffi
cient for the BO effect overlapped zero (~ = 
-0.12, SE = 0.10, 95% CI = -0.31 to 0.07). A lin
ear time trend (T) in fecundity was not sup
ported by the meta-analysis because of the high 
variation in fecundity over time and the break
down of the even-odd year effect after about 
1999 (Fig. 4). The L1AIC, estimates for the best 
models that included ownership (OWN+t) or 
climate (ECO+ENP) were 8.6 and 79.0, respec
tively, indicating that ownership and climate 
covariates explained little of the temporal varia-

bility in fecundity across the range of the Spot
ted Owl. Average fecundity over all years was 
similar among ecoregions except for the Wash
ington Mixed-Conifer region, where mean 
fecundity was 1.7 to 2.0 times greater than in 
the other ecoregions (Table 10). Fecundity was 
lowest for the Oregon Coastal Douglas-fir 

ecoregion. 
The meta-analysis of fecundity for Washing

ton and Oregon, which included the habitat cov
ariate, resulted in two competitive models 
(ECO+t, ECO+t+HAB1) and a third model that 
was only slightly less competitive (ECO+t+BO; 
Table 9). These three models accounted for 55%, 
21%, and 17% of the model weights, respec
tively, and were similar to the most competitive 
models from the meta-analysis of all study 
areas, except for the competitive model that 
included the habitat covariate (Table 9). As in 
the meta-analysis of all areas, there was some 
evidence for a weak negative effect of Barred 
Owls on fecundity, although the 95 % confidence 
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TABLE 7 
Regression coefficients (13) from the best model containing the effect of a climate or weather 
covariate on the mean annual number of young fledged by adult female Northern Spotted 

Owls in 11 study areas in Washington, Oregon, and California. 

95% CI 

Study area Best modeP SI! Lower Upper 

Washington 

CLE 

RAJ 

OLY 

A + ENP 

A + EO + ENT 

A + EO + SOl 

2.57 

0.00 

3.06 

-0.015 

0.091 

-0.061 

0.005 

0.038 

0.060 

·0.Q25 

0.013 

·0.183 

-0.004 

0.169 

0.062 

Oregon 

COA 

HJA 

TYE 

KLA 

CAS 

California 

NWC 

HUP 

GDR 

A+EO+ENT 

A + EO + LNP + HAB1 

A+LNT 

A + ENP 

A + EO + ENT + HAB1 

A + ENP 

A + EO + ENT 

A + EO + ENT 

0.34 

1.39 

7.45 

2.22 

0.00 

5.12 

0.00 

4.69 

0.030 

-0.004 

·0.053 

-0.002 

0.071 

·0.002 

·0.060 

0.023 

0.Q18 

0.003 

0.Q25 

0.001 

0.024 

0.001 

0.024 

0.017 

·0.007 

-0.011 

·0.103 

-0.004 

0.022 

·0.004 

-0.109 

·0.011 

0.067 

0.003 

-0.004 

0.001 

0.120 

0.000 

-0.011 

0.056 

a Model notation indicates structure for effect'> of owl age (Al. even-odd yean; (EO), percent cover of suitable owl habitat within 2.4 km 
of owl activity centers (HABl), early nesting season precipitation (ENP), early nesting season temperature (ENT), late nesting season 
temperature (LNT), and Southern Oscillation Index (SOl). Habitat information was not available for California, so we did not fit 

models with habitat covariates for study areas in California, 

interval for the beta coefficient for the effect of 

Barred Owls overlapped zero (~ ~ -0.104, SE ~ 

0.129, 95% CI ~ -0.369 to 0.151). There was no 

evidence for an effect of habitat on fecundity in 

the meta-analysis (~ ~ -0.469, SE ~ 0.453, 95% 

CI ~ -1.363 to 0.426). Linear time trends (T) in 

fecundity had little support, and models that 

included ownership (OWN+t) or climate 

(ECO+ENP+HAB1) were not competitive with the 

top model (AAIC, ~ 12.9 and 55.1, respectively). 

Apparent Survival 

Individual study Areas 

To estimate annual apparent survival we used a 
sample of 5,244 banded owls, including 796 

(15.2%) 1-yr-old subadults, 903 (17.2%) 2-y"-old 

subadults, and 3,545 (67.6%) adults (Table 1). 

The total number of recaptures/resightings of 

banded owls (19,164) was approximately four 

times the number of initial captures. The over· 
all X' goodness-of-fit for the global model from 

program RELEASE summed across study areas 

was 1,543.2 with 972 degrees of freedom (X' ~ 
1.59, P> 0.10), indicating good fit of the data to 

the Cormack-Jolly-Seber open population 

mark-recapture model (Table 11). The range of 

X' for the individual study areas was 0.86 to 2.79, 

with df ranging from 63 to 125 (Table 11), again 

indicating good fit to the model for most study 

areas. Examination of the data indicated that 
the small lack-of-fit to the Cormack-Jolly

Seber open population model was due primarily 

to temporary emigration, when owls moved off 
of the study area for one or more years and later 
returned or were temporarily displaced as a 
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Study area 

TABLE 8 
N Variance mmponents of the mean annual number of young fledged by adult female 

ora,ern Spotted Owlsfrom a mixed-model analysis of year- and territory-specific estimates. 

Spatiala Temporalb Residual 

Estimate % Total Estimate % Total Estimate % Total 

Washington 

CLE 0.054 

0.000 

0.005 

6 

o 
1 

0.144 

0.009 

0.109 

16 

2 

21 

0.691 

0.453 

0.399 

77 

97 

77 

RAJ 

OLY 

Oregon 

COA 

HJA 

lYE 

KLA 

CAS 

California 

NWC 

HUP 

GDR 

0.006 

0.000 

0.014 

0.015 

0.015 

0.007 

0.021 

0.013 

1 

o 
2 

2 

2 

4 

2 

0.102 

0.084 

0.075 

0.051 

0.118 

0.043 

0.016 

0.040 

17 

12 

11 

7 

16 

6 

3 

6 

0.486 

0.604 

0.587 

0.661 

0.592 

0.647 

0.481 

0.605 

a Spatial process variance is the random effects estimate of territory variability. 

bTemporal process variance is the random effects estimate of annual variability, 

TABLE 9 
Model selection results from meta"analyses of the annual number 

of young fledged per adult female Northern Spotted Owl. 

Only models with l'\AICc < 10 are shown. 

All study areas 

ECO + t 

LAT + t 
ECO + t + BO 

OWN +t 

K 

31 

27 

32 

26 

29 

Washington and Oregon study areas only 

-21ogL 

25.3 

36.3 

24.1 

44.5 

42.4 

ECO + t 26 34.6 

ECO + t + HAB1 

ECO + t + BO 

ECO + t + BO + HAB1 

27 

27 

28 

33.6 

34.0 

33.2 

98.4 

98.8 

99.9 

104.1 

104.6 

97.9 

99.7 

100.2 

102.3 

0.0 

0.4 

1.6 

5.7 

8.6 

0.0 

1.9 

2.3 

4.5 

81 

86 

86 

90 

80 

91 

92 

91 

0.42 

0.34 

0.19 

0.04 

0.01 

0.55 

0.21 

0.17 

0.06 

a ~~de,~ nota,tion i~~cates stl'Uctu,re for effects of ecoregion tECO), general time (t), 1'0 ortion of 

Wte~t'I~!~n2e4' Wklth Bfaue1d ~,,:l detectIOns (BO), ownership (OWN), and percent cover of suitable owl habitat 
-' "'" m 0 ow act1V1ty centers (HABl), 

Total 

Estimate 

0.898 

0.467 

0.518 

0.600 

0.702 

0.683 

0.734 

0.740 

0.711 

0.523 

0.665 
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Figure 4. Mean annual fecundity (no. of female young fledged per female) of adult Norther~ Spot
ted Owls by ecoregion. Estimates are based on the best model (ECO+t) from a met~-analysls of 11 
study areas, where t represents annual time effects and ECO represents the ecoreglOn effects. 

TABLE 10 
Estimates afmean annual fecundity (number affemale young produced per female) 

far adult Northern Spotted Owls in six ecoregions. 

95% CI 

Ecoregion x SE Lower Upper 

Washington Douglas-fir 0.301 0.043 0,217 0.385 

Washington Mixed-conifer 0.553 0,052 0.451 0.655 

Oregon Coastal Douglas-fir 0.284 0.026 0,233 0.335 

Oregon Cascades Douglas-fir 0,334 0,032 0.271 0.397 

Oregon/California Mixed-conifer 0,314 0.019 0.277 0.351 

California Coast 0,305 0,030 0,246 0,364 

TABLE 11 
Estimates of gaodness-of-fit and overdispersion (e) in capture-recapture data for adult Northern Spotted Owlsfrom 

11 demographic study areas in Washington, Oregon, and California. 

C)S' 

Study area x' df X' / df Median·e x' df X'/df Median-e 

Washington 

ClE 

RAJ 

OlY 

Oregon 

COA 

HJA 

TYE 

KlA 

CAS 

California 

NWC 

HUP 

GDR 

Totals 

nos 
77.39 

151.50 

208.65 

189.38 

90.57 

79.67 

170,94 

76.16 

78.64 

348.25 

1,543.20 

68 

72 

95 

97 

105 

72 

92 

90 

89 

63 

125 

972 

1.06 

1.07 

1.59 

2.15 

1.80 

1.26 

0.87 

1.90 

0,86 

1.25 

2.79 

1.59 

0.99 

1.11 

1.08 

1.05 

1.09 

1.04 

1.00 

1.00 

1.00 

0.97 

1.00 

1mb 

35.21 

33.73 

156.42 

168.87 

167.29 

69.68 

87.48 

142.91 

124.93 

46.06 

139.81 

1,366.76 

51 

47 

104 

56 

78 

64 

74 

65 

81 

52 

50 

847 

0.69 

0.72 

1.50 

3.02 

2.14 

1.09 

1.18 

2.20 

1.54 

0.89 

2.80 

1.61 

1.03 

1.00 

1.04 

1.17 

1.09 

1.13 

1.03 

1.06 

1.06 

1.09 

1.00 

na 

~ CrS indicates data sets used for Connack-rolly-Seber estimates of apparent survival ARJS indicatcs data set:.! used for rcparalTIctcrized 
Jolly-Seber estimates of annual finite rate of population growth. Values for X2 and df are frolTI TEST 2 and TEST 3 in program 
RELEASE. Estimates of e are from median-i!routine in program MARK. Estimates of e < 1.0 were set to 1.00 for analysis. 

b Weighted average across all study areas. 

territorial owl. The overall estimate of overdis· 
persion from the meclian-c routine in program 
MARK was 1.03, with estimates for individual 
study areas ranging from 0.97 to 1.11 (Table 11). 
Overall, results of GOF testing indicated there 
was little to no overdispersion (Le., lack of inde
pendence) of recaptured owls. 

Although there were exceptions, estima-:es 
of annual recapture probabilities (p) typically 
were high, ranging from 0.70 to 0.95 on most 
study areas. High rates of recaptures/resightings 
make the Spotted Owl an ideal species for 
mark-recapture studies, In the analyses of 
recapture probabilities, factors affecting p in 
the best models varied among study areas 
(Table 12). For seven of the 11 areas, there was 
an effect of sex on p; in all seven cases, p was 
higher for males. Other effects on p in the top 

models for one or more areas were a variable 
time effect (OLY, HJA, CAS areas), negative 
Barred Owl effect (RAJ, COA, KLA areas), 
and/or a positive reproductive effect (RAI, 
CLE, TYE areas; Table 12). There was no evi· 
dence of time trends on p on any study areas. 
On two study areas, the "biologist'S choice" 
models were the best models for p. The best p 
model for one of these areas (NWC) included 
the additive effects of sex and recapture 
method; in this case, owls were physically 
recaptured in 1986 to 1987 and then resighted 
or recaptured in subsequent years. The other 
case in which the biologist's choice model was 
the best p model included an east-west divi· 
sian of the HUP study area based on differ· 
ences in Spotted Owl density, forest type, and 
ease of access (Table 12). 
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TABLE 12 
Estimates of model-averaged mean apparent surviLial ('iP ) for three 

age classes of Northern Spotted Owls on 11 study areas in Washington, Oregon, and california. 

S2b Adultb 

Study area Structure on best modela Sex 

Washington 

eLE 

RAT 

OLY 

Oregon 

COA 

HJA 

WE 

KLA 

CAS 

California 

NWC 

HUP 

GDR 

",(CP) p(R) 

",((51 ~ 52, A) + EO] p(EO + R) 

",((51, S2 ~ A) + s + T] pis + t) 

",((51 + S2 -I- A) + TTl p(EO -I- 5) 

",[(Sl, S2 ~ A) + t] pis + t) 

",[(Sl, 52 ~ A) + TT] p(R + 5) 

",[(Sl, S2 ~ A) -I- tl p(EO + s) 

",[(Sl, S2 ~ A) + TT] pit) 

",[(51 ~ S2, A) + T] p(Meth -I- 5) 

",(51, 52 ~ A) p(EW -I- Effort) 

",[(51, 52 ~ A) + EO] pis) 

F 0.794 0.051 0.820 0.023 0.819 0.013 

M 0.795 0.051 0.820 0.023 0.819 0.013 

F 0.541 0.181 0.674 0.156 0.841 0.019 

M 0.546 0.181 0.678 0.157 0.844 0.Q18 

F 0.529 0.148 0.786 0.081 0.828 0.016 

M 0.571 0.145 0.814 0.075 0.852 0.014 

F 0.742 0.072 0.864 0.031 0.859 0.009 

M 0.74·8 0.071 0.868 0.030 0.863 0.008 

F 0.717 0.084 0.830 0.042 0.865 0.010 

M 0.717 0.084 0.830 0.042 0.864 0.010 

F 0.761 0.043 0.864 0.020 0.856 0.008 

M 0.762 0.042 0.865 0.019 0.857 0.008 

F 0.788 0.040 0.858 0.020 0.848 0.008 

M 0.786 0.040 0.857 0.020 0.847 0.008 

F 0.692 0.069 0.733 0.053 0.851 0.010 

M 0.697 0.069 0.737 0.053 0.853 0.010 

F 0.774 0.031 0.784 0.031 0.844 0.009 

M 0.776 0.031 0.787 0.031 0.846 0.009 

F 0.758 0.087 0.838 0.038 0.854 0.014 

M 0.762 0.086 0.840 0.037 0.857 0.013 

F 0.767 0.044 0.852 0.Q15 0.853 0.007 

M 0.764 0.045 0.850 0.Q15 0.851 0.007 

J Model notation indicates structure for additive (+) or interactive (*) effects of sex (8), time (t), linear time trend (T), quadratic time 
trend (TT), 2004 change point (CP), reproduction (R), proportion ofterritories with Barred Owl detections (BO), age class (51, 52, A), 
east-west binomial subdivision of study area (EW), survey method (Meth), or differential survey effort in particular years (Effort). An 

"=" sign means that age classes were combined, and a "," indicates they were modeled separately. 
b Age classes (51, 52, A) indicate owls that were 1, 2, or;;.,3 years old. Average survival is the arithmetic mean ofmodel-averaged 

annual survival estimates. Standard errors were calculated using the delta method. 

The best model structure for apparent sur
vival ('1') varied among study areas, but several 
patterns emerged (Table 12). Most notably, 
apparent survival tended to be higher for adults 
than for subadults and was similar between the 
sexes, except on the OLY study area where males 

had higher survival than females (Table 12). 
Presence of Barred Owls, variable time (t), or 
time trends (T or TT) were important effects on 
apparent survival in one or more study areas. In 
the best models for each study area (Table 12), 
the Barred Owl covariate was included in the 'I' 

STUDIES IN AVIAN BIOLOGY NO,40 Forsman ,t ai, 

TABLE 13 
Coefficient estimates (~) for the best models that included a time trend 

on apparent survival of non-juvenile Northern Spotted Owls on 11 study areas 
in Washington, Oregon, and California. 

Study area Model trenda 

Washington 

CLE CP (T)b 

RAJ CP (T)" 

OLY T 

Oregon 

eOA T1" 

HJA T 

TYE T1" 

KLA Cpd 

CAS T1" 

California 

NWC 

HUP 

GDR 

T 

Cpd 

T 

0.00 

2,48 

0.00 

0.21 

0,01 

0.00 

4.38 

0.00 

0.00 

1.61 

0.54 

-0.027 0.021 

-0,182 0.073 

-0,143 0.057 

0.205 0.129 

-0.032 0.016 

0.146 0.046 

-0.009 0.002 

-0.013 0.010 

0.154 0.Q48 

-0.008 0.002 

-0.030 O.oz5 

0.169 0.058 

-0.009 

-0.016 

-0.031 

-0.030 

0.003 

0.008 

0.049 

0.009 

95%C1 

Lower Upper 

-0.069 0.Q15 

·0.324 -0,039 

-0.254 -0,031 

-0.048 0.458 

-0.064 0.000 

0.056 0.237 

-0.014 -0.005 

-0.033 0.007 

0.060 0.247 

-0.013 -0.003 

-0,079 0.020 

0.056 0.282 

-0.015 -0.002 

-0.033 

-0,127 

0.000 

0.063 

-0,048 -0,011 

a T = linear time trend, IT = quadratic time trend, CP "" change point starting in 2004. 

b Models that have a change point beyond which the function changes. 'The first row estimate is the 
linear time trend (1') and the second is" change point starting in 2004 (CPl· 

C For quadratic models (TT), the first row indicates the linear term and the second row indicates the 
quadratic term. 
d Constant survival from start year to 2004, with negative time trend beginning in 2004. 

structure for two study areas (RAI, CDR) and 
the p structure for three study areas (RAI, COA, 
KLA). The Barred Owl covariate also occurred 
in competitive models for 'I' on the OLY and 
NWC areas (see Effects of Barred Owls on 
Recapture and Survival below). 

Based on the best survival models that 
included time trends, we concluded that appar
ent survival was declining on 10 of the 11 study 
areas (CLE, RAI, OLY, COA, HIA, TYE, CAS, 
NWC, HUP, CDR), as indicated by 9S% confi
dence intervals on ~ that either did not overlap 

zero or narrowly overlapped zero (Table 13), 
Declines in apparent survival were most evi
dent in Washington, where all ~ estimates were 
negative with 95% confidence intervals that did 
not overlap zero (Fig, SA), In addition, the 
declines in apparent survival on the CLE and 
RAI study areas were most ptecipitous during 
the last five years of the study, as represented by 
the change-point (CP) time structure in the 
best models and steeper declines after 2004 
(Fig. SA), Annual estimates of apparent sur
vival for owls on the CLE, RAI, and OLY areas 
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Figure 5. Model averaged estimates of apparent survival of adult female Northern Sp~tted ?wls ~n three 

shtdy areas in Washington (A), five shtdy areas in Oregon (B), and three shtdy areas m Cahforma (C). 
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Figure 6. EsUmates of 

apparent annual survival 

of adult female Northern 

Spotted Owls in six 
ecoregions, based on model 
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meta-analysis of 11 study 

areas, where ECO represents 
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were <0.80 during the latter years of the study, 

which were the lowest rates recorded. In Ore
gon, apparent survival declined on four (COA, 
HJA, TYE, CAS) of the five study areas, most 
noticeably during the last five years of study 
(Fig. 5B). Temporal changes in apparent sur
vival for COA, TYE, and CAS were best 

described by a quadratic function, whereby sur· 
vival increased during the early years of the 
study, then declined during later years. The owl 

population on the KLA study area was the only 
one in Oregon that did not have a declining 
survival rate, as the best model for KLA sup

ported a variable time (t) effect (Table 12). In 
California, there was strong evidence for linear 
or change-point declines in apparent survival 

on all three study areas (NWD, HUP, CDR), as 
indicated by 95% confidence intervals for ~'s 

that either did not overlap zero or only narrowly 

overlapped zero (Table 13, Fig. 5C). 

Meta·analysis of Apparent Survival on All Areas 

We used encounter histories from 3,545 adults 
in the meta-analysis of apparent survival 

(Table 1). The estimate of goodness-of-fit from 
program RELEASE indicated good fit of the data 

2002 2004 2006 represents study area effects, 

and s represents sex effects. 

to the Cormack-Jolly-Seber open population 
model (X' = 1740.9, df = 1,012, P> 0.10). The 
weighted average estimate of median-e was 
1.031, indicating little overdispersion (i.e., lack 
of independence) in capture histories. We used 
this estimate to adjust model selection from 
Alec to QAICc and inflate variance estimates 

accordingly. 
The best model from the meta ·analysis of 

apparent survival was the random effects model 

<p(g*t) p(g+s+t): RE(g+R), which indicated that 
survival varied among study areas (g) and years 
(t) and that recapture rates varied among study 

areas, sexes, and years (Table 14). This model, 
which had a QAIC, weight of 0.18, also included 
the reproduction covariate (R). The effect of 

reproduction was negative with a 95% confidence 
interval that barely overlapped zero (Table 15) . 
Several random effects models were competitive, 

including a second-best model that included the 
Barred Owl (BO) covariate. The regression coef 
ficient for the BO covariate was negative, with a 

95% confidence interval that did not overlap zero 
(Table 15). For more details on the effects of 
Barred Owls on apparent survival, see below. 

Other random effects models with Ll.QAIC '" 2 
from the best model were identical in structure 
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TABLE 14 
ModeJ selection critcriafora priori and post hoc models used in the meta-analysis of 

apparent survival of adult Northern Spotted Owls on 11 demographl'c study areas in Washington, 
Oregon, and California, 1985-2008, 

Random effects models 

<p(g*t) p(g + s + I): RE (g+R) 

<p(g,'t) p(g + s + t): RE (g + nO) 

<p(g*t) p(g + s + t): RE (g + BO + PD~) 

<p(g*t) p(g + s + I): RE (g + PD~) 

<p(g*t) p(g + s + t): RE (g + T) 

<p(g"t) p(g -I- s + t): RE (g + Mean) 

<p(g*l) p(g + s + t): RE (g + ENP) 

<p(g*t) p(g + 8 + t): RE (g + ENT) 

<p(g*t) p(g + 8 + t): RE (g + SOl) 

<p(g*t) p(g + s + t): RE (g + !-lAB1) 

F:ixed effects models 

<p(ECO + t) p(g + s + t) 

<p(ECO + OWN + t) p(g + 8 + t) 

<p(g + t) p(g + s + t) 

post hoc <p(g + t + BO) p(g + s + t) 

<p(g+8+1) p(g+s+t) 

post hoc <p(g + t + HABl) p(g + s + t) 

post hoc <p(g*California + HAB 1 + t) p(g + 8 + t) 

<p(LAT + t) p(g + 8 + t) 

post hoc <p(1 + BO) p(g + 8 + t) 

<p(OWN + t) p(g + s + t) 

<p(g + BO + s) p(g + 8 + t) 

<p(ECO + T) p(g + 8 + t) 

<p(g"R) p(g + 8 + t) 

<p(ECO*T) p(g + s + t) 

<p(R + 8) p(g + 8 + t) 
<p(g*s*t) p(g*s*t) global 

K 

142.9 

142.1 

142.2 

143.2 

143.0 

143.3 

143.7 

143.8 

143.9 

205.2 

62 

64 

67 

68 

68 

68 

61 

58 

58 

59 

47 

41 

57 

46 

37 

782 

13,470.07 

13,471.89 

13,471.86 

13,470.27 

13,471.01 

13,470.49 

13,470.15 

13,470.08 

13,470.04 

13,460.60 

13,732.87 

13,730.05 

13,726.38 

13,725.04 

13,725.90 

13,726.30 

13,743.14 

13,752.30 

13,752.60 

13,752.80 

13,830.54 

13,842.81 

13,812.57 

13,836.97 

13,856.51 

12,764.58 

32,659.14 

32,659.33 

32.659.57 

32,659.89 

32,660.26 

32,660.45 

32,660.82 

32.660.91 

32.661.06 

32,776.34 

32,758.61 

32,759.82 

32,762.18 

32.762.86 

32,763.71 

32,764.11 

32,766.87 

32,769.96 

32,770.31 

32,772.54 

32,826.13 

32,826.35 

32,828.26 

32,830.55 

32,832.03 

33,287.46 

0.00 

0.19 

0.43 

0.75 

1.12 

1.31 

1.68 

1.77 

1.93 

117.02 

99.47 

100.68 

103.Q4 

103.72 

104.57 

104.98 

107.74 

110.82 

111.17 

113.40 

166.99 

167.22 

169.12 

171.41 

172.89 

628.32 

0.1.8 

0.16 

0.14 

0.12 

0.10 

0.09 

0.08 

0.07 

0.07 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o.oil 
0.00 

a Codes indicate model structure for additive ( + ) Of interactive (*) effects of ecoregion (ECO), study area (g)"sex (s), annual time (t), 
linear time trend (1'), land ownership (OWN), latitude (LAi), proportion of territories with, Barred Owl det~ctl?ns (BO), percent cov,er 
of suitable owl habitat within 2.4 km of owl activity centers (HAB1), reproduction (R), PaClfic Decadal OSCIllatlOn (PDO), early nestlllg 

precipitation (ENP), early nesting temperature (ENT), or Southern Oscillation Index (SOIl· 

b Q-Deviance is the difference between -21og( lie of the current model and -21og( lie of the saturated model. 

C e values for individual study areas can be found in Table 11. 

TABLE 15 
Coefficient estimates (~) for covariates included in the meta-analysis of apparent 

survh'a/ of non -juvenile Northern Spotted Owls on 11 study areas in Washington, Oregon, and California. 

Covariate 

Random effects models 

R 

BO 

PDa 

T 

ENP 

ENT 

SOl 

HABl 

Fixed effects models 

Ecoregionb 

OR Cascades Douglas-fir 

WA Mixed-conifer 

OR-CA Mixed-conifer 

OR Coast Douglas-fir 

CA Coast 

OwnershipC 

Federal 

Mixed 

BO 

Habitat 

Latitude 

Reproduction 

Model"-

~(g*l) p(g + 8 + t): RE (g -I- R) 

<p(g*l) p(g + s + I): RE (g + nO) 

~(g*l) p(g + 8 + I): RE (g + PDO) 

~(g*l) p(g + 8 + t): RE (g + T) 

<p(g*t) p(g + s + t): RE (g + ENP) 

<p(g*l) p(g + s + I): RE (g + ENT) 

~(g>'t) p(g + s + t): RE (g + SOl) 

<p(g*t) p(g + s + t): RE (g + HABl) 

~(ECO + t) p(g + 8 + I) 

~(ECO + OWN +I)p(g + 8 + t) 

post hoc ~(g + t + BO) p(g + 8 + t) 

post hoc ~(g + t + HAB1) p(g + s + t) 

~(LAT + t)p(g + 8 + t) 
<p(R + 8) p(g + s + t) 

95%CI 

Lower Upper 

-0.024 0.013 -0.049 0.001 

-0.086 0.037 -0.158 -0.014 

0.009 0.006 -0.002 0.019 

-0.002 0.001 -0.004 0.000 

0.000 0.000 -0.001 0.000 

0.004 0.006 -0.007 0.015 

-0.002 0.006 -0.014 0.009 

0.339 0.354 -0.352 1.030 

0.162 0.070 0.024 0.300 

-0.142 0.100 -0.338 0.055 

0.042 0.070 ·0.094 0.179 

0.184 0.071 0.046 0.323 

0.103 0.075 -0.044 0.251 

-0.190 0.115 ·0.416 0.036 

-0.136 0.113 -0.357 0.086 

-0.339 0.293 -0.914 0.237 

-0.466 1.852 -4.097 3.165 

-0.009 0.009 -0.026 0.009 

-0.200 0.065 -0.328 ·0.072 

a Cocles indicate effects of study area (g), time (t), sex (s), proportion of territories with Barred Owl detections (BO), 
reproduction (R), Pacific Decadal Oscillation (PDO), linear time trend (T), percent cover of suitable owl habitat within 
2.4 km of owl activity centers (HAB1), land ownership (OWN), latitude (LAT), early nesting precipitation (ENP), early nesting 

temperature (ENT), or Southern Oscillation Index (SOI)_ 

b WA Douglas-fir was the reference type. 

C Non-federal ownership was the reference type. 

to the best model, except that the reproduction 
covariate was replaced by other environmental 

covariates, including Pacific Decadal Oscillation 
(PDO), linear time effects (T), mean effects, early 
nesting season precipitation (ENP), early nesting 

season temperature (ENT), or Southern Oscilla
tion Index (SOl; Table 14). The random effects 
models were based on the assumption that the 

years of our study were a sample of all possible 
years, whereas the fixed effects models pertained 

directly to the years sampled. Although none of 
the fixed effects models were competitive with 
the best random effects model (Table 14), it is 

important to describe the results for each analy
sis because they represent different interpreta

tions of the data (see Methods). 
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Figure 7. Estimates of apparent annual survival of adult female Northern Spotted Owls in 

six ecoregions (EeO), based on the linear time-trend model <p(ECO+ T) p{g+t+s) from the 

meta-analysis of 11 study areas. Study area effects are represented by g, annual time effects 

by t, and sex effects by s. 

In the meta-analysis of survival, the best or 
competing models indicated that there was con
siderable variation in survival rates among study 
areas, ecoregions, and years (t), and that the 

variation in survival among study areas and 
ecoregions was parallel over time (Fig. 6). 

Because the general trend in survival suggested 
a slight decline over the period of study (Fig. 6), 

. we investigated the regression coefficients in 
the best random effects and fixed effects models 

that included time trends (T). The best random 

effects model with a time trend l'l'(g*t) p(g+s+l): 
RE (g+ T)] included a negative effect on survival 

(13 = -0.0016), with a 95% confidence interval 

that barely overlapped zero (Table 15). The best 

fixed effects model with a time trend 1'l'(ECO+T) 

p(g+s+t)] also provided evidence for an overall 

decline in apparent survival for all study areas 

combined (Fig. 7). 
Several other covariates were included in com

petitive models for the meta-analysis of apparent 
survival. There was no evidence from the ran
dom effects models that early nesting season 

temperature (ENT) , Southern Oscillation Index 

(SOl), or percent cover of suitable owl habitat 
(HAB1) had an effect on s11rvival because the 
95 % confidence intervals for these covariates 
included zero (Table 15). In contrast, there was 

some evidence that presence of Barred Owls 
(BO), early nesting season precipitation (ENP), 

and time trends (T) each had an effect on sur

vival rates in the random effects models 
(Table 15). From the fixed effects models, there 

was evidence that survival rates differed among 
ecoregions, with the Oregon Cascades Douglas
fir, Oregon Coast Douglas.fir, and California 

Coast regions having higher survival rates than the 

Oregon/California Mixed-conifer and Washington 

Mixed.conifer regions (Table 15; Fig. 7). There 

was no evidence from the fixed effects models 
that ownership, Barred Owls, habitat, or latitude 

had an effect on survival, but there was evidence 
that annual survival was negatively related to the 
mean number of young produced in the previous 
breeding season (~ = -0.200, 95% CI = -0.328 

to ·0.072). Although the evidence suggested 

that several of the above covariates influenced 
apparent survival, they explained little (0 to 5.7%, 
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TABLE 16 
Models selected in the meta-analysis of apparent annua/surviva/ of Northern 

Spotted Owls for eight monitoring areas in Washington, Oregon, and California. 

ModeP K Q-Deviance QAICc
b "'QAIC, Wi 

Random effects models 

<p(g'<t) p(g + s + t): RE (g + R) 152.68 10,811.970 26,028.850 0.000 0.200 

<p(g"t) p(g + s + t): RE (g + EO) 152.46 10,812.900 26,029.327 0.473 0.158 

<p(g*t) p(g + s + t): RE (g + Mean) 153.00 10,812.210 26,029.745 0.892 0.129 

<p(g*t) p(g + S -I- I): RE (g + PD~) 153.27 10,811.850 26,029.937 1.083 0.117 

<p(g*t) p(g -I- s -I- I): RE (g + T) 153.23 10,812.130 26,030.132 1..279 0.106 

<p(g*l) p(g + s + t): RE (g + ENP) 153.31 10,811.980 26,030.145 1.291 0.105 

<p(g*t) p(g + s + t): RE (g + SOl) 153.51 10,811.870 26,030.440 1.586 0.091 

<p(g*t) p(g + s + t): RE (g -I- ENT) 153.51 10,811.880 26,030.461 1.607 0.090 

<p(g*t) p(g + s + t): RE (g -I- HAB1) 157.84 10,809.420 26,036.809 7.956 0.003 

Fixed effects models 

<p(ECO + t) p(g + s + t) 58 11,023.270 26,048.455 19.601 0.000 

<p(OWN + ECO + t) p(g + s -I- t) 59 11,022.470 26,049.665 20.811 0.000 

<p(g + s + I) p(g + s + t) 62 11,019.080 26,051..603 22.749 0.000 

<p(LAT + t) p(g + s + I) 55 11,044.310 26,063.449 34.596 0.000 

<p(OWN + t) p(g + s + t) 55 11,044.490 26,063.631 34.778 0.000 

a Model notation indicates structure for study area (g), time (tl, linear time (Tl, ecoregion (IlCO), land ownership 
(~WN), constant. (.), proporlion oflcrrilories wilh Bc.rreu Owl udeLlium; (BO), early ne:;tiug SC,lSon precipitation 
(ENP), early nesting season temperature (ENT), percent cover of suitable owl habitat within 2.4 km of owl activity 
centers (I-IAB1), Southern Oscillation Index (SOl), a_1.d Pacific Dccadal Oscillation (PDO). 

be values for individual study areas can be found in Table 11. 

individually) of the variation among study areas 

and years. Thus, there was considerable annual 
variation in survival estimates (Fig. 6), and no 
covariate, including Barred Owls, percent cover 
of suitable habitat, climate, or time trends, 
explained a major portion of this variation. For 
example, the Barred Owl covariate and time trend 
explained only 5.7 and 2.3% of the variability in 

apparent survival, respectively. 

Meta-analysis of Apparent Survival on the Eight 
NWFP Monitoring Areas 

The two best models in the meta-analysis of 

apparent survival for the eight NWFP study areas 

were the same as the analysis of a1111 study areas 

(Table 16). In the top model, the regression coef 

ficient for the effect of reproduction was negative 

with a 95% confidence interval that barely over
lapped zero. In the second best model, the regres

sion coefficient for the effect of Barred Owls was 

negative with a 95% confidence interval that did 
not overlap zero. Six other random effects mod
els that were competitive included mean effects, 
Pacific Decadal Oscillation (PDO), time trend 

(T), early nesting season precipitation (ENP), 

Southern Oscillation Index (SOl), or early nest

ing season temperature (ENT) in place of the BO 

covariate (Table 16). The rankings of the random 

effects and fixed effects models were similar 

between the analyses of a1111 study areas and the 

eight NWFP monitoring areas, and none of 
the fixed effects models were competitive with 

the best random effects models (Tables 14, 16). 

Because the results were similar regardless of 
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TABLE 17 
Coefficient estimates (~) for the best models that included an 

effect of reproduction on apparent survival of non-juvenile Nor~her~ 
Spotted Owls on 11 study areas in Washington, Oregon, and California. 

95% CI 

Study area "'QAIC, P fE Lower Upper 

Washington 

CLE 2.72 0.466 0.220 0,035 0.897 

RAI 2.88 -1.030 0.450 -1.910 -0.014 

OLY 0.75 -0.420 0.241 -0.893 0.053 

Oregon 

COA 22.96 0.088 0.181 -0.267 0.443 

HJA 7.30 -0.165 0.194 -0.546 0.216 

TYE 8.33 0.317 0.261 -0.195 0.829 

KLA 5.69 0.041 0.214 -0.378 0.461 

CAS 7.23 -0.129 0.194 -0.509 0.252 

California 

NWC 2.65 0.249 0.234 -0.210 0.708 

BUP 0.28 0.573 0.447 -0.304 1.450 

GDR 5.16 0.556 0.239 0.088 1.024 

whether we examined the eight NWFP study 

areas Of all 11 study areas combined, we empha

size only the results from all 11 areas in the fol

lowing sections. 

Potential Cost of Reproduction on Survival 

In the analyses of apparent survival for individ

ual study areas, there was no evidence of a nega· 
tive effect of reproduction on survival rates in 

the following year at seven of the 11 study areas 

(COA, H)A, TYE, KLA, CAS, NWC, HUP, Table 

17). Confidence intervals for the regression coef

ficients for reproduction at those seven areas all 

overlapped zero (Table 17). For two study areas 

in Washington (RAI, OLY), there was evidence 

of a negative effect of reproduction on survival 
in the following year. At RAI, the regression 

coefficient for the reproductive effect in the best 

model was negative with a 95% confidence inter
val that did not overlap zero. At OLY, the effect of 

reproduction was part of a competitive model in 

which the 95% confidence interval on ~ barely 

overlapped zero (Table 17). In contrast, there was 

evidence of a positive effect of reproduction on 
survival at CLE and GDR, as the regression coef

ficients for the reproduction covariates were pos
itive, with 95% confidence intervals that did not 

overlap zero. However, the models for CLE and 

GDR that included the effect of reproduction 

were >2 QAICs from the best models, and these 

latter results were contrary to our original 

hypothesis. 
In the meta-analysis of apparent survival for 

all 11 study areas, the best random effects 

model, cp(g*t) p(g+s+t): RE(g+R), included the 

effect of reproduction. The effect of reproduc. 

tion was negative (~= -0.024) and the 95% con

fidence interval barely included zero (-0.049 to 

0.001). The best fixed effects models with an 

effect of reproduction were cp(g*R) p(g+s+t) 

and cp(R+S) p(g+s+t) (Table 14). Although there 

was little support for either of these models 

(L'lQAIC,'s> 168.0 and QAIC, weights = 0.000), 
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the regression coefficient for the effect of repro
duction in the second model was negative (~= 
-0.200) with a 95% confidence interval (-0.328 

to -0.072) that did not overlap zero (Table 15). 

Based on this outcome, we concluded that there 
was evidence for a negative effect of reproduc

tion on survival in the following year in some, 

but not all, study areas. 

Eff,cts of Barred Owls on Recapture and Survival 

The BO covariate was included in the best model 

structure for recapture probability in three (RAI, 

eOA, KLA) of the 11 study areas (Table 12), and 

the best models that included a BO effect on 

recapture indicated a negative effect in seven 
study areas and a positive effect in four areas_ 

However, the 95% confidence intervals on the 
regression coefficients for the BO effect 

overlapped zero in seven areas. In the four cases 
where the 95% confidence intervals did not over
lap zero, two cases indicated a negative effect and 

two cases indicated a positive effect. 
In the analysis of individual study areas, we 

found evidence for a negative effect of Barred 

Owl presence on apparent survival of Spotted 
Owls on the RAI, COA, H)A, and GDR study 

areas (Table 18). There also was some evidence 

that presence of Barred Owls had a negative 

effect on apparent survival of Spotted Owls on 

the OLY and NWC study areas; on those areas 

the Barred Owl effect was among the competi

tive models, but the 95% confidence intervals 

for the regression coefficient barely overlapped 

zero (Table 18). Inexplicably, there was one 

study area (CAS) that had weak evidence for a 

positive effect of Barred Owls on survival 
(Table 18). The evidence for an effect of Barred 

TABLE 18 
Estimates of b.QAICc and parameter estimates (~) for the effects of Barred 

Owls on apparent annual sur~ival of adult Northern Spotted Owls on 
11 uemographic study areas in Washington, Oregon, and California. 

Estimates were based on the best QAlCc model that induded the Barred Owl effect. 

9S%CI 

Study area "'QAIC, p fE Lower Upper 

Washington 

CLE 3.08 -0.815 1.009 -2.793 1.164 

RAI 0.00 -5.330 1.960 -9.190 -1.490 

OLY 1.17 -1.216 0.748 -2.682 0.250 

Oregon 

COA 9.48 -0.908 0.257 -1.412 -0.405 

HJA 2.24 -0.753 0.306 -1.352 -0.153 

TYE 9.78 0.062 0.332 -0.588 0.712 

KLA 5.21 -0,469 0.655 -1.753 0.815 

CAS 4.04 1.657 0.878 -.0.062 3 .. 378 

California 

NWC 1.98 -1.450 1.079 -3.566 0.666 

HUP 1.81 ·0.688 .!.4{;9 .3.%7 2.190 

GRD 0.00 ·2.234 0.670 -3.547 -0.921 

Mean -1.104 0.514 -2.11 -0.097 
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Figure 8. Estimates ofthe Barred Owl effect (BO) on apparent survival of Northern Spotted 
Owls. Estimates were generated from the best random effects model [qJ(g+t+ BO)], plotted 
with original apparent survival estimates (MLE) and shrinkage estimates (S-tilde) for one 
study area in Washington (RAI), two study areas in Oregon (CAS, COAl, and one study area 
in California (NWC). Study area effects aIe represented by g and annual time effects by t. 

Owls on survival of Spotted Owls was weak or 
negligible for CLE, TYE, KLA, and HUP because 

confidence intervals on regression coefficients 
overlapped zero (Table 18). With the exception 

of CLE, the latter areas were all in the southern 
portion of the range of the Northern Spotted 

Owl (Fig. 1). 
In the meta-analysis of apparent survival, the 

second best model ['P(g*t) p(g+s+t): RE(g+BO)] 

provided strong evidence that the presence of 
Barred Owls had a negative effect on apparent 

survival, as the 95 % confidence interval on ~ for 
the Barred Owl effect did not overlap zero 

(Table 15; Fig. 8). In addition, the g+BO model 
ranked higher than the g*BO model, indicating 
that the BO covariate was important across all 
study areas in explaining time variation in <p. 
Thus, there was strong evidence that Barred 
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Figure 8. (continued) 

Owls had a negative effect on apparent survival 

of Spotted Owls. 

Annual Rate of Population Change 

Individual Study Areas 

We used capture histories of 5,244 banded ter
ritorial owls to estimate annual rates of popula
tion change (Ie) at the 11 study areas. Estimates 
of goodness·of-fit (X2 Jdf) of the capture-

Year 

recapture data from program RELEASE ranged 
from 0.69 to 3.02 for individual study areas 

(Table 11), and the overall estimate ofx2Jdffor 
all of the data combined was 1.61 (P> 0.10), 
indicating good fit of the data to the Cormack

Jolly-Seber model. Estimates of e from the 
median-e routine in program MARK ranged 
from 1.00 to 1.13, indicating little evidence for 
lack of independence in capture histories 

(Table 11). 
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The full sex- and time-specific model <p(s"t) 

p(s*t) 1(s*t) for estimation of A was not appro
priate for most study areas based on model 
selection with QAJC" Therefore, we used the 
time-only model <p(t) p(t) 1(t) for estimating A 
and temporal process variation for most study 
areas (Table 19), The only exception was the 
OLY study area, where there were differences in 

<p between males and females. Estimates of A 
ranged from 0,929 to 0,996 for the 11 study areas 

and the time span of the estimates ranged from 
12 to 16 years (Table 19), There was strong evi

dence that populations on the CLE, RAJ, OLY, 
COA, H)A, NWC, and GDR study areas declined 

--- --_. - --- ------------- --- - - ---,----

during the study, based on 95% confidence 
intervals for estimates of').., that did not include 
1.0 (Table 19, Fig, 9), Estimates ofA for CLE and 
RAJ were especially low, suggesting population 
declines of 6,3 and 7,1 % per year, respectively 

(Table 19), Point estimates of A for the TYE, 
KLA, CAS, and HUP study areas all indicated 

declining populations, but had 95% confidence 

intervals that included 1.0 (Table 19), The 
weighted mean estimate of A for all study areas 
combined was 0,971 (SE ~ 0,007,95% CJ ~ 0,960 

to 0,983), indicating that the average rate of pop
ulation decline was 2.9% per year during the 

study, 

TABLE 19 
Estimates of'" and temporal process standard deviation (crtemporol) for Northern Spotted Owls on 

11 study areas in Washington, Oregon, Clnd California. 

Estimates of A were generated using the best random effects model; estimates of temporal variance are based on 

random effects models (Means, T, or TI), using time-specific estimates of!.p, p, and A, except where noted. 

Derived 95%CI 95% CI 

Study Years Modela A SE Lower Upper cfTEM ?oRA) 
Lower Upper 

Washington 

CUb 1994-2006 [<p(t) p(t) ,,(t)]: REI,) 0,937 0,014 0,910 0,964 0,0000 0,0000 0,0058 

RAJ 1995-2006 [<p(t) p(t)j(t)]: RE(,) 0,929 0,026 0,877 0,977 0,0048 0.0000 0,0371 

OLY 1992-2006 [<p(s*t) p(t)j(t)]: RE(T) 0,957 0,020 0,918 0,997 0,0062 0,0000 0,0332 

Oregon 

COA 1994-2006 [<pit) pit) j(t)]: REIT) 0,966 0,011 0,943 0,985 0,0007 0,0000 0,0080 

\-lJA 1992-2006 [<pIt) pit) j(t)]: RE(TT) 0,977 0,010 0,957 0,996 0,0000 0,0000 0,0042 

TYE 1992-2006 (<p(t) p(t) j(t)]: RE(TT) 0,996 0,020 0,957 1.035 0,0012 0,0000 0,0087 

KLA 1992-2006 [<p(t) p(t) j(t)]: REI,) 0,990 0,014 0,962 1,017 0,0019 0,0000 0,0102 

CAS 1994-2006 [<p(t) p(t)j(t)]: REI,) 0,982 0,030 0,923 1.040 0,0105 0,0022 0,0421 

California 

NWC 1990-2006 [<p(t) p(t) j(t)]: REI,) 0,983 0,008 0,968 0,998 0,0000 0,0000 0,0012 

\-lUP 1994-2006 [<p(t) p(t)j(t)]: RE(,) 0,989 0,013 0,963 1.014 0,0000 0,0000 0,0012 

GRD 1992-2006 [<pit) p(t)j(t)]: RE(TT) 0,972 0,012 0,949 0,995 0,0014 0,0000 0,0076 

Weighted mean for 8 monitoring areas 0,972 0,006 0,958 0,985 

Weighted mean for 3 non-monitoring areas 0,969 0,016 0,938 1.000 

Weighted mean for all areas 
0,971 0,007 0,960 0,983 

~ Best capture-recaptme model structure from analysis of the a priori model set. Model notation indicates struchtre for effects of time 
(t), linear time trend (T), quadratic time tl'end (TT), or constant (.), or random effects (RE). For linear and quadratic time trend models, 

A was computed using a mean·centered model. 
b Random effects model using the survival-recruitment parameterization would not run on derived lambdas for CLE. lherefore, we 

used the survival_lambda}parameterization instead. 
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:igure 9. Estimates of mean annual ratc of population change (~RJS)' with 95% confidence 
mt~rvals for Northern Spotted Owls in 11 study areas in Washington, Oregon, and California 
Eshmates of A were derived parameters from the recruitment and survival parameterization' 
and the best random effects models based on the best global model [eitherJit) q>(t) p(t) or 
Jis*t) (p(s*t) p(s*t)], where sand t represent sex and annual time changes, respectively. 

Results of the variance components analyses 
for each study area provided little evidence of 
temporal process variation in A for most study 
areas, relative to the magnitude of sampling 
variation in estimates (Table 19), Estimates of 

temporal process variation in A were highest for 
the RAJ, OLY, CAS, and NWC study areas, but 
the only study area for which the 95% confi

dence interval on temporal variation did not 
include zero was CAS (Table 19), 

There was evidence that populations were 
declining on five of the eight monitoring areas 
(CLE, OLY, COA, H)A, NWC) based on 95% 

confidence intervals for A that did not overlap 

1.0, Point estimates of A for the remainder of 
the study areas (TYE, KLA, CAS) were less than 
one, but had confidence intervals that over
lapped 1.0, so the evidence for declines on those 
areas was weak The weighted mean estimate of 
A for the eight monitoring areas was 0,972 (SE ~ 
0,006, 95% CJ ~ 0,958 to 0,985), indicating an 

estimated decline of 2,8% per year on federal 
lands within the range of the owL The weighted 

mean estimate of A for the other three study 
areas (RAJ, GDR, HUP) was 0,969 (SE ~ 0,016, 

95% CJ ~ 0,938 to 1.000), indicating an esti
mated decline of 3.1% per year on those areas. 

Estimates of Realized Population Change 

Estimates of realized population change indi
cated that populations in Washington and 
northern Oregon (OLY, RAJ, CLE, COAl 

dechned by 40 to 60% during our study 
(Fig, lOA, B), There was also evidence that pop
ulations on H)A,GDR, and NWC declined dur
ing the same period, but the 95% confidence 

intervals around the estimates of"" on the lat
ter three areas slightly overlapped 1.0 (Fig, lOB, 
C), Estimates of realized population change for 

the rest of the study areas (CAS, TYE, KLA, 
HUP) were all <1.0, but the 95% confidence 

i~tervals around the estimates of ~ substan
hally overlapped 1.0, Trends in populations for 
each of the study areas were variable, and 
declines, if any, occurred at different times on 
different areas. For example, the decline on 
H)A occurred primarily during 1992 to 1993 

after a year of high reproductive success in 1992 
then the population declined about 10% durin~ 
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Figure 10. Estimates of realized population change, Ilt, with 95% confidence intervals for Northern. Spotted 
Owls at three study areas in Washington (A), five study areas in Oregon (B), and three study areas m 

California (C). 

B 

0 
0 

rJ 
;; 
0. 
0 
0. .. 
;a 
.= -0 
0 
0 

~ 
0. 

e .. 

o 
.2 
li , 
0. 
o 
0. 

Klamath 
1.8 

1.6 

1.4 

1.2 

~ 
~ 
~ f--- -

';; 7 
>=""- r-

"" 
1.0 

0.8 

0.6 

0.4 

0.2 

0.0 +--~--~-~--~-~--~--~--, 
1990 1992 1994 1996 1998 2000 2002 2004 2006 

Year 

South Cascades 
1 .• 

1.6 -

1.4 . 

1.2 .. 
:o::l 1.0 -----
:5 
'0 0.8 
o 
o 
~ 0.6 
0. 

£ OA 

0.2 

0.0 +--~--~--~-~--~--~-~---, 
1990 1992 1994 1996 1998 2000 2002 2004 2006 

Year 

Figure lO. (continued,for Northern Spotted Owls in Oregon) 

Meta·analysis of Annual Rate of 
Population Change 

the ensuing decade. In contrast, the decline on 
COA occurred after 2001 and continued through 
2006 (Fig. lOB). Populations in Washington 
(CLE, RAI, OLY) exhibited a long, gradual 
decline after the mid·1990s, except thatthe pop
ulation on RAI actually increased slightly after 
2002 (Fig. lOA). Consequently, there was no evi
dence for synchrony in timing of population 
declines among the 11 study areas. 

Estimates of goodness·of·fit from program 
RELEASE for individual study areas (Table 11) 
indicated good fit of the data to the Cormack
Jolly-Seber model for all study areas. In addi· 
tion, the mean estimate of median-e from pro
gram MARK was 1.06 with a range of 1.0 to 1.17, 
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indicating little evidence for Qverdispersion (i.e., 

lack of independence) in the capture-recapture 
data. As a result, we did not use eta adjust model 
selection to QAICc or inflate variance estimates 

of parameters. 

The best a priori model in the meta-analysis 
of 7c was RE (random effects) model 'P(ECO) 
j(ECO), which indicated evidence of an effect 
of ecoregion on <p and j (Table 20). Two compet· 
ing random effects models had "'AIC, values 
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TABLE 20 
Model selection results from meta-ann/ysis ofl\for Northern Spotted Owls in Washington, Oregon, and California. 

ModeF 

[~(g*t) p(g*t)j(g*t)]: RE ~(ECO + BO)j(ECO)" 

[~(g*t) p(g*t)j(g*t)): RB ~(ECO + BO)j(ECO + BO)" 

[~(g*t) p(g*t)j(g*t)]: RE ~(ECO)j(ECO) 

[~(g*!) p(g*t)j(g"t)]: RE ~(ECO)j(ECO*BO);' 

[~(g*t) p(g*!)j(g*t)]: RE ~(ECO + BO)j[ECO)" 

[~(g*t) p(g*t)j(g*t)]: RE ~(g + BO)j(BO) 

[~(g*t) p(g*t)j(g*t)]: RE ~(ECO)j(ECO + BO)" 

[~(g*t) p(g*t)j(g"t)]: RE ~(ECO)j(OWN + ECO) 

[~(g*t) p(g*t)j(g*t)]: RE ~(ECO*BO)j(ECO"BO)" 

[~(g*t) p(g*t)j(g"t)]: RE ~(g + BO)j(g + BO) 

[~(g"t) p(g*t)j(g*t)]: RE ~(g + BO)j(g*BO) 

[~(g*t) p(g"t)j(g*t)]: RE ~(g)j(g) 

[~(g*t) p(g*t)j(g*t)]: RE ~(g)j(g + TT) 

[~(g*t) p(g*t)j(g*!)]: RE ~(g + PDSI)j(g + ENP + ENT) 

[~(g"t) p(g*t)j(g*!)]: RE ~(g)j(g + T) 

[~(g*t) p(g"t)j(g*t)]: RE ~(g + PDSI)j(g + LNP) 

[~(g*t) p(g*t)j(g*t)]: RE ~(g + PDSI)j(g + PDSI) 

[~(g*t) p(g*t)j(g*t)]: RE ~(g + PDSI)j(g + so I PD~) 

[~(g*t) p(g"t)j(g*t)]: RE ~(g)j(g*T) 

[~(g*t) p(g*t)j(g"t)]: RE ~(g*T)j(g) 

[~(g"t) p(g*t)j(g + t)] 
[~(g*t) p(g"t) j(g*t)]: RE ~(g + PDSI) j(g*LNP) 

[~(g"t) p(g*t)j(g*t)]: RE ~(g + PDSI)j(g*PDSI) 

[~(g*t) p(g"t) j(g*t)]: RE ~(g) j(g''fT) 

[~(g"t) p(g*t]j(g"t)]: RE ~(g + PDSI)j(g*ENP + g"ENT] 

[~(g*t) p(g*t)j(g*t)]: RE ~(g + PDSI)j(g*SOI + g*PDO) 

[~(g*t) p(g*t]j(g*t)]: RE ~(g"HABzi1j(g + HAB2 + HAB3) 

[~(g*t) p(g*t)j(g*t)]: RE ~(g*HAB2)j(g*HAB3) 

[~(g*t) p(g*t) j(g"t)]: RE ~(g) 

[~(g*t) p(g*t)j(g*t)]: RE ~(g*HAB2)j(g"HAB2 + g"HAB3) 

[<p(g*t) p(g*t) j(g"t)]: RE ~(g*TT) 

[~(g*t) p(g"t)j(g"t)]: RE ~(ECO) 

[~(g*t) p(g*t)j(g*t)]: RE ~(g + BO) 

[~(g*t) p(g*t) j(g*t)]: RE ~(g*HAB2) j(g + HAB2) 

[~(g*t) p(g*t)j(g"t)]: RE <pig + PDSI) 

K Deviance 

500.85 17,924.51 60,812.29 

501.01 17,924.65 60,812.76 

501.44 17,924.22 60,813.25 0.00 0.302 

501.89 17,923.45 60,813.43 

501.53 17,924.33 60,813.54 

502.32 17,922.77 60,813.64 0.39 0.248 

501.60 17,924.37 60,813.73 

501.94 17,924.41 60,814.49 1.24 0.162 

502.36 17,923.74 60,814.69 

502.63 17,925.46 60,816.98 3.73 0.047 

503.37 17,924.01 60,817.08 3.83 0.044 

503.35 17,925.06 60,818.09 4.84 0.027 

503.76 17,924.24 60,818.14 4.89 0.026 

503.73 17,924.59 60,818.43 5.18 0.023 

503.62 17,924.93 60,818.54 5.29 0.021 

503.79 17,924.85 60,818.82 5.56 0.019 

503.78 17,924.91 60,818.85 5.59 0.018 

503.83 17,924.89 60,818.94 5.69 0.018 

505.03 17,922.98 60,819.55 6.30 0.013 

504.13 17,924.99 60,819.66 6.41 0.012 

395.00 18,154.00 60,820.54 7.29 0.008 

505.93 

505.89 

508.04 

508.44 

508.52 

518.79 

520.17 

524.84 

521.38 

527.03 

527.08 

527.35 

527.19 

528.95 

17,923.27 60,821.73 8.48 0.004 

17,923.37 60,821.76 8.51 0.004 

17,919.98 60,822.88 9.63 0.002 

17,921.51 60,825.24 11.99 0.001 

17,922.20 60,826.11 12.86 0.000 

17,914.06 60,839.59 26.33 0.000 

17,912.94 60,841.36 28.11 0.000 

17,904.03 60,842.29 29.04 0.000 

17,911.71 60,842.68 29.43 0.000 

17,903.49 60,846.36 33.11 0.000 

17,904.21 60,847.17 33.92 0.000 

17,904.03 60,847.56 34.31 0.000 

17,907.03 60,850.23 36.98 0.000 

17,904.03 60,850.95 37.70 0.000 

TABLE 20 (col1tinued) 

TABLE 20 (CONTINUED) 

ModeF 

[~(g*t) p(g*!) j(g*t)]: RE ~(BO) 

[~(g"t) p(g*t) j(g*t)]: RE ~(OWN + ECO) 

(~(g*t) p(g"t) f(g*t)): RE ~(LAT) 

[~(g*t) p(g*t)j(g*t)]: RE ~(g + T) 

[~(g*!) p(g*t)j(g*t)]: RE ~(OWN) 

[~(g*t) p(g*t)j(g"t)]: RE ~(g"PDSI) 

[~(g*t) p(g*t)j(g*!)]: RE ~(g + SOl + PD~) 

[~(g*t) p(g*t) j(g*t)]: RE ~(g*T). 

[~(g"t) p(g*t) j(g*t)]: RE ~(g*BO) 

[~(g"t) p(g*t) j(g*t)]: RE ~(g + ENP + ENT) 

[~(g*t) p(g*t)j(g*t)]: RE ~(g*SOl + g*PDO) 

[~(g*t) p(g"t)j(g*t)]: RE ~(g"HAB2) 

[~(g*t) p(g*!)j(g"t)]: RE ~(g*ENP + g*ENT) 

[~(g*t) p(g*t)j(g*!)]:RE ~(g + HAB2) 

[~(g*t) p(g*t)j(g*t)]: RE ~(g + TT) 

~(g"t) p(g*!) j(g*t) 

K Deviance 

529.32 17,904.28 60,851.96 38.71 0.000 

529.40 17,904.12 60,851.97 38.72 0.000 

529.38 17,904.29 60,852.10 38.85 0.000 

529.60 17,904.03 60,852.30 39.04 0.000 

529.62 17,904.24 60,852.56 39.31 0.000 

530.40 17,904.10 60,854.05 40.80 0.000 

529.80 17,905.65 60,854.35 41.09 0.000 

530.78 17,903.78 60,854.54 41.28 0.000 

530.80 17,903.91 60,854.72 41.46 0.000 

530.11 17,905.61 60,854.95 41.70 0.000 

531.57 17,903.55 60,855.99 42.73 0.000 

531.50 17,904.29 60,856.57 43.32 0.000 

531.84 17.905.15 60,858.14 44.89 0.000 

534.12 17,902.83 60,860.63 47.38 0.000 

529.39 17,912.96 60,860.79 47.54 0.000 

542.00 17,922.47 60,896.89 83.64 0.000 

NOTE: Model f~rm was the survival and recruitment parameterization. Notation for random effeels (RE) models includes the general 
mode~ o~ whICh ~e random effects mod~l ~s based (g.= study area, t "" time varying). Models ending with asterisks were developed a 
postmon after seetng the results of the ongmal modchng. Inferences were based on the models in the original a priori model set. 

a Model ~otation indicates ~tructure.l?r s~udy ~rea (g), time (tl, line~r time trend (T), quadratic time trend (TT), ecoregion (ECO), land 
ownershIp (OWN), proportion oftel.ntones WIth Barred Owl detectIOns (BO), early nesting season precipitation (ENP) early ncsiin 
season temperature (ENT), late nestmg season precipitatIon (LNP), late nesting season temperature (LNT), Palmer Dr~ught Severi~ 
Ind~x (P~S~), percent cover of ~~ltable owl ha~itat within a 2.4 km radius of owl activity centers (HAB2), percent cover of suitable owl 
hab;tat ~rthm 23 km of owl actlVlty centers, mmus the alea within 2Alon of owl activity centers (HAB3), latitude (LAT), Southern 
OSClllahon Index (501), and Pacific Decadal Oscillation (PDO). 

<2.0, one of which indicated evidence of a Barred 
Owl effect on <p and f [cp(g+BO) f(BO)), and 
one [<p(ECO) f(ECO+OWN)) that indicated dif
ferences in recruitment among differen: land 
ownership categories (Table 20). The 95% confi· 
dence interval for the effects of ownership on f 
in the latter model included zero, indicating lit
tle evidence of an effect of ownership on recruit
ment (Table 21). Therefore, model selection 
results for the top two models [<p(ECO) f(ECO) 

and <p(g+BO) f(BO)) indicated the most support 
for models that included Barred Owls (EO) and 
'ecoregions (ECO). Estimates of apparent sur· 
vival from the best a priori model were highest 
for the Oregon Coast Douglas-fir ecoregion and 
lowest for the Washington Mixed-conifer ecore
gion (Fig. 11). Recruitment was highest in 
the Oregon/California Mixed-conifer ecoregion 

if ~ 0.145, SE ~ 0.020), but similar among the 
other ecoregions (Fig. 11). The low estimates of 
Afar the Washington Douglas·fir and Washington 
Mixed-conifer ecoregions were a result of both 
low apparent survival and low recruitment. In 
contrast, the Oregon/California Mixed-conifer 
region had the highest estimate of A, which was 
a result of high recruitment and intermediate 
survival rates. Values of <p, J, and A were 
intermediate for the other ecoregions. 

Slope coefficients for the Barred Owl effect 
in the random effects (RE) model <p(g+BO) p(g"t) 
f(BO) were negatively associated with apparent 
survival and recruitment, although the 95% con
fidence interval for the effect of Barred Owls on 
recruitment included zero (Table 21). There was 
some evidence for differences in apparent sur
vival among different land ownership categories 
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TABLE 21 

Coefficient estimates (~) for the best models that I'ncluded effects o! Barred Owls, 
land ownership, climate, habitat, or latitude in the meta-analySIS oJAfar 11 

study areas in Washington, Oregon, and california. 

Survival Recruitment 

95% CI 95% CI 

Covariatea ~ fE Lower Upper ~ fE Lower Upper 

-0,116 0,043 -0,200 -0,032 -0,023 0,037 -0,096 0,050 
BO 

Ownership 

Federal 0,869 0,020 0,829 0,908 0,098 0,020 0,058 0,137 

(intercept) 
0,019 

Non-federal 0,023 0,022 -0,020 0,067 -0,027 0,023 -0,073 

Mixed 0,002 0,013 -0,023 0,027 -0,002 0,013 -0,028 0,024 

Climate 

0,007 0,007 -0,006 0,021 0,012 0,007 -0,002 0,026 
ENP 

0,000 0,000 0,000 0,000 0,000 0,000 -0,001 0,000 
ENT 

0,000 0,001 -0,002 0,002 
LNP na 

0,002 0,002 -0,002 0,006 -0,001 0,002 -0,006 0,004 
PDSI 

0,007 0,008 -0,009 0,023 -0,010 0,009 -0,027 0,007 
SOl 

0,017 0,008 0,000 0,033 -0,001 0,009 -0,018 0,017 
PD~ 

Habitat 

HAB2 
0,559 0,285 0,001 1.117 

HAB3 
-0,688 0.303 -1.282 -0,093 

HAB2-CAS 0,602 1.291 -1,928 3,131 

I-lAB2-I-lJA 6,851 4,117 -1.218 14,921 

HAB2-KLA -0,477 1.060 -2.554 1.600 

HAB2-0LY -3,749 16,270 -35,638 28,141 

HAB2-RAI -0.470 0,342 -1.141 0,202 

HAB2-CLE 1.143 1.004 -0,824 3,111 

HAB2-COA 1.155 0,922 -0,651 2,962 

HAB2-TYE 0,763 0,671 -0,554 2,079 

LAT -0,002 0,002 -0,007 0,002 

a Covariates included proportion of territories with Barred Owl detections (BO), early nesting season pre,dpitation (ENP), 
earl nesting season temperature (ENT) , late nesting season precipitation (LNP), palme~ Drought Sev:nty I.n~ex (POSI), 
Sou~hem Oscillation Index(SOl), Pacific Decadal Oscillation (PDO), percent cover of s~ltable owl habItat Wlth1? a 2.4·km 
radius of owl activity centers (HAB2), forest habitat in the ring between HAB2 and a cll'Cle defined by the medIan natal 

dispersal distance (23 km) (HAB3), and latitude (LAT). 

but the differences were minor, and the best 
model that included the ownership covariate 
ranked far below the top model ("'AIC, = 38,72; 
Table 20), There was no evidence that latitude or 
habitat within the study area (HAB2) had an 

effect on apparent survival, but there was evi" 
dence that apparent survival was positively 
related to the Pacific Decadal Oscillation (~ = 

0,017,95% CI = 0,0002 to 0,033; Table 21), which 
was consistent with our prediction. Other 
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Figure 11. Point estimates and 95% confidence limits of apparent survival, recruitment, and 

A. of Northern Spotted Owls in different ecoregions b3sed on the best a priori model from 

the meta·analysis of 11 study areas [RE <p(ECO) j(ECO)]. 

climate covariates explained little of the varia" 
tion in apparent survival rates (Table 21), Lack of 
evidence of an effect of habitat and weather on 
apparent survival may represent a true absence 
of an effect, but we cannot rule out the possibil
ity that the lack of an effect resulted from the 
covariates being computed at too coarse a scale, 
or because the definitions we used to map habi
tat did not accurately reflect suitable habitat. 

Examination of the relationship between 
recruitment and ownership indicated a weak 
effect, with slightly higher recruitment on fed
erallands (~ = 0.D98, 95% CI = 0,058 to O,137) 
than on mixed federal-private and private lands 
(Table 21), Although habitat covariates did not 
appear in any of the top models in the meta
analysis ofA, examination of the best models that 
included habitat covariates provided evidence 
that the percent of the study area covered by 
suitable owl habitat had a positive effect on 

recruitment (covariate HAB2 in Table 21), In 
contrast, recruitment was negatively related to 
the percent of the area surrounding the study 
area that was covered by suitable owl habitat (cov
ariate HAB3 in Table 21), Our results may reflect 
an interaction or synergistic relationship between 
recruitment and the percent cover of suitable owl 
habitat within versus surrounding the study 
areas on federal lands compared to other land 
ownerships. We did not include such models in 
our a priori model set, so these relationships 
should be investigated in more detail in future 
analyses. There was no evidence that recruitment 
was influenced by any of our weather or climate 
covariates as all 95 % confidence intervals for 
these covariates included zero (Table 21), 

Plots of year-specific estimates of 'Pt and J, 
indicated considerable temporal and spatial 
variation, which produced high temporal and 
spatial variation in A (Fig, 12). For example, all 
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Figure 12. Estimates of appaTent survival, recruitment, and A of Northern Spotted Owls based on the 
Figure 12. (continued,Jor study areas in Oregon) 

most general model [(g*t)f(g*t)] from the meta·analysis of three study areas in Washington (A), five 
study areas in Oregon (B), and three study areas in California (C). Vertical bars indicate 95% confidence 

limits, and g and t represent study area and annual time effects, respectively. 
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three parameters ('1\, ft, 1c) exhibited considera
ble variation in Washington where owl popula
tions were declining the most (Fig, 12A), but 
less variation in most of the other study areas. 
Temporal variation in 'l't was paralleled by tem
poral variation in 1ct for most study areas (OLY, 
CLE, COA, HJA, TYE, KLA, NWC, HUP, GDR), 
suggesting that changes in A, were influenced 
primarily by changes in survival. However, this 
pattern was not as evident for RAI and CAS 
during all years, and there was evidence that 
recruitment had a substantial influence on ~ in 
those two areas, particularly during years when 
A.

t 
increased noticeably. In addition, estimated 

recruitment was essentially zero in some years 
on the RAI, OLY, and CAS study areas, which 
resulted in noticeable declines in A.t, since q> was 
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Spotted Owls was closely associated with appar
ent survival rates in most cases and with recruit

ment in a few cases. 

DISCUSSION 

always <1.0, Overall, the high temporal varia-

The Northern Spotted Owl has been the "poster 
child" for conservation of old-growth and mature 
forests on federal lands in the Pacific Northwest 
and has served as an "umbrella species" (Roberge 
and Angelstam 2004) for conservation of other 
species associated with old forests (USDA Forest 
Service and USDI Bureau of Land Management 
1994). As a result, numerouS conservation plans 
have addressed the habitat needs of Spotted Owls 
on federal lands, In conjunction with the listing 
of the subspecies as threatened in 1990, the Inter
agency Scientific Committee IISC) developed and 

tion in the annual rate of population change of published the first comprehensive conservation 
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plan for the Northern Spotted Owl (Thomas et al. 
1990). The ISC plan called for the conservation of 
an unprecedented amount of old forest in large 
reserves that were spaced within 1.9.2 km of each 
other and large enough to support 20 to 25 pairs 
of territorial owls. The ISC conservation strategy 
was the framework, with minor modifications, 
for the first draft final recovery plan for the 
Northern Spotted Owl (USDI Fish and Wildlife 
Service 1992), and also served as a model for the 
network of old forest reserves that eventually 

became the Northwest Forest Plan for manage" 
ment of all federal lands within the geographic 
range of the subspecies (USDA Forest Service 
and USDI Bureau of Land Management 1994). 

The Northwest Forest Plan served as the de 
facto recovery plan for the Northern Spotted Owl 
for approximately 14 years during which time 
there was no approved recovery plan for the owl. 
The situation changed in 2008, when the U.S. 
Fish and Wildlife Service published a final recov
ery plan for the Northern Spotted Owl (USDI 
Fish and Wildlife Service 2008). The 2008 recov
ery plan included a much-reduced network of 
old forest reserves compared to the Northwest 
Forest plan, and the approach laid out in the 
recovery plan was criticized by three professional 
societies concerned about the recovery of the owl 
(e.g., Wildlife Society 2008). The U.S. Depart
ment of Justice subsequently declined to defend 
the 2008 recovery plan, and it was remanded to 
the Fish and Wildlife Service with instructions 
that they address the deficiencies noted by their 
critics. At this writing, the Fish and Wildlife 
Service is working on a revision of the 2008 plan, 
but the situation is still unresolved. 

Because the Northern Spotted Owl is federally 
listed as "Threatened" under the Endangered 
Species Act (USDI Fish and Wildlife Service 
1990), and is the focus of many forest manage
ment practices that have been implemented in 
recent years in the Pacific Northwest, results of 
our study will be ofinterestto a number of stake
holders, including state and federal government 
agencies, conservation groups, private industry, 
and the public. Consequently, it is important to 
ask: What is our frame of reference and what 

kind of inferences can we make from the results 
of our study? From a statistical standpoint, a for
mal inference can be made from the sample of 

marked and recaptured owls to the population of 
owls in the study areas in which the marked owls 
were located. Our 11 study areas covered a large 

portion of the subspecies' geographic range and 
included substantial variation in latitude, eleva

tion, and land ownership (Appendix A), but they 
were not selected randomly. Consequently, the 
results of our analyses cannot be considered rep

resentative of demographic trends of Northern 
Spotted Owls throughout their entire range. For 
example, there were no study areas in the exten

sive areas of state and private lands in northwest
ern Oregon and southwestern Washington or in 

the California Cascades. However, we believe 
that our results are representative of most popu
lations of Northern Spotted Owls in the Pacific 
Northwest that are on federal lands or in areas of 
mixed federal and private ownership. We do not 
think that our results can be used to assess 

demographic trends of Spotted Owls on non
federal lands because the two study areas in our 
sample that were entirely on non-federal lands 
(GDR, HUP) were atypical. Both the Green Dia
mond Resource Company and the Hoopa Tribe 
managed their lands to protect known Spotted 
Owl nest areas and to maintain at least part of 

their lands in suitable foraging habitat for Spot
ted Owls. Such practices are not universal on 

private and state lands. If anything, our results 
probably depict an optimistic view of the overall 
population status of the Northern Spotted Owl. 

This study is the fifth meta-analysis of demo
graphic data from. Northern Spotted Owls 
(Anderson and Burnham 1992, Burnham et al. 
1996, Franklin et al. 1999, Anthony et al. 2006); 
however, only two of these efforts were pub
lished as refereed journal articles (Burnham 
et al. 1996, Anthony et al. 2006). The other arti
des are not readily available, so we will concen
trate our discussion on the two published arti

cles. The second meta· analysis of demographic 
rates of Northern Spotted Owls was conducted 
in 1993 and included 11 study areas (Burnham 
et al. 1996, Forsman et al. 1996a). The three 
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major findings of the second analysis were: (1) 
Fecundity rates varied among years and ages of 
owls, with no increasing or decreasing trend 

over time; (2) survival rates were dependent on 
age and there was a decreasing trend in adult 

female survival; (3) the annual rate of popula
tion change (ApM) was <1.0 for 10 of 11 areas 
examined, and the estimated average rate of 

population decline was 4.5% per year (Burnham 
et al. 1996). Results of the first three meta
analyses of demography of Northern Spotted 
Owls were critiqued by Raphael et al. (1996) and 
Boyce et al. (2005), who questioned the esti
mates of annual rate of population change from 

Leslie matrix models (ArM)' primarily because 
estimates of juvenile survival from capture

recapture methods were biased by permanent 
emigration during natal dispersal. Anthony 

et al. (2006) avoided this problem by using the 
Pradel (1996) model, which estimates the annual 
finite rate of population change ("')s) of territo
nal owls without inclusion of juvenile survival 
rates. In addition, the Pradel (1996) model treats 
losses due to emigration and mortality and 

gains due to recruitment and survival in a sym
metric way, so it is less subject to biases in the 
estimate of A.. For more information on this 

topic, see Anthony et al. (2006), and for a review 
of the differences between A.rM and AR)S' see 
Sandercock and Beissinger (2002). 

The most important findings in the Anthony 
et al. (2006) report were: (1) Fecundity was rela
tively stable among the 14 study areas examined, 
(2) survival rates were declining on 5 of the 14 
areas, and (3) populations were declining on 9 
of 13 study areas for which there was adequate 
data to estimate A. The mean A for the 13 areas 
was 0.963, which indicated that populations 
were declining 3.7% annually during the study 
(Anthony et al. 2006:34). The reasons for 
declines in Spotted Owl populations in their 
study were not readily apparent. Therefore, 
Anthony et al. (2006) recommended the use of 
additional covariates in future analyses to evalu
ate the possible influence of Barred Owls, 
weather, habitat, and reproduction on vital rates 
and population trends of Spotted Owls. 

Fecundity 

The results from our analysis of fecundity were 
consistent with previous analyses in that we 

found substantial annual variation in fecundity 
on individual study areas and a biennial cycle of 
high fecundity in even-numbered years and low 

fecundity in odd-numbered years (Burnham 
et a1. 1996, Anthony et al. 2006). The caUSe ofthis 
synchronization remains unknown. One hypoth
esis for alternate year breeding in long-lived spe
cies that require many months to produce a sin

gle brood is that reproduction every year is 
physically impossible because of the large invest
ment of time and energy required to produce a 

single brood. A hypothesis of intermittent breed
ing makes sense for some l.ong-lived alternate 
year breeders such as Albatross (Diomedea exu~ 
lans, Phoebetria fusca, P. palpebrata), which have 
to travel huge distances for many months in 

order to provision a single young (Tickell 1968, 
Weimerskirch et al. 1987). Although Spotted 
Owls also invest many months to produce a sin

gle brood (Mar-Aug), there is considerable varia
tion among individuals regarding the alternate 
year pattern of breeding. In some of our study 

areas, the majority of owls nested every other 
year, but there were a few pairs that nested in 
nearly all years, and there were many that did not 
follow a predictable pattern. We conclude that 
breeding in the Spotted Owl is a complex interac
tion between age, prey abundance, weather, indi

vidual variation, and territory quality. However, 
none of these factors are known to fluctuate on a 
two-year cycle on our study areas, and prey cycles 

observed in other studies generally suggest cycles 
of three years or longer (Korpimaki 1992). 
Another hypothesis is that the likelihood of 
breeding is somehow influenced by the molt, 
which in Spotted Owls is characterized by an 
alternate year molt of the remiges and rectrices 

(Forsman 1981). The molt hypothesis seems 
unlikely, however, as no evidence indicates that 
the molt was synchronized within the owl popu
lations. The molt hypothesis also does not explain 
the fact that the even-odd year effect became less 
evident in the last five years of our study. 
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of effects of Barred Owls on fecundity did not 
support our hypothesis of competitive interac

tions, but findings of negative effects of Barred 
Owls on some study areas were in contrast to 

Anthony et aJ. (2006), who found little evidence 

Another consistent effect across study areas 

was variation in fecundity by age class. Fecundity 
was higher for adults than for 1-yr-olds, and 2-yr
olds were intermediate. A pattern of increasing 

fecundity with age is typical in birds 
(Clutton-Brock 1988, Saether 1990), and, in the 

case of territorial predators like Spotted Owls, 
probably reflects increased experience and famil
iarity with a territory and a long-term mate. Spot
ted Owls in the 1- and 2-yr-old age classes typically 
comprised <10% of the territorial population, so 

they contributed little to annual reproduction 

compared to adults. Age effects were not unex
pected and have been well documented in previ" 

ous studies of Northern Spotted Owls (Burnham 
et a1. 1996, Anthony et aJ. 2006), California Spot

ted Owls (S. o. occidentalis; Blakesleyet a1. 2001), 
and Mexican Spotted Owls (S. o. lucida; Seamans 
et a1. 1999, 2001), and are typical of long-lived 

birds in general (Newton 1989). Compared to the 

previous meta-analysis of Northern Spotted Owls 
(Anthony et aJ. 2006), the addition of five years of 
data resulted in slightly lower mean fecundity 
across study areas for adults (x = 0.340 vs. 0.372) 
and 2-yr-olds (x = 0.195 vs. 0_208), but slightly 

higher fecundity for 1-yr-olds (x = 0.103 vs. 0.074). 
However, our fecundity estimates were still well 
within the range of values reported on the same 

study areas during 1985 to 1994 (Burnham et aJ. 
1996). Our results suggested that fecundity was 

declining in five areas (CLE, KLA, CAS, NWC, 
GDR), stable in three areas (OLY, TYE, HUP), 
and increasing in three areas (RAI, COA, H)A). 
Given the variation in trends among study areas, 
it was not surprising that the best or competitive 

models in the meta-analyses of fecundity did not 
include time trends in fecundity. Our results also 

were in contrast to a previous analysis in which 
fecundity appeared to be declining in only two 
study areas in Washington (Anthony et a1. 2006). 

of a Barred Owl effect on fecundity. In addition, 

there was weak evidence for a negative effect of 
Barred Owls on fecundity in both of our meta

analyses of fecundity. One explanation for the 
relatively weak effect of Barred Owls on fecun
dity in studies such as ours is that Barred Owls 

may simply displace Spotted Owls from their 
territories. When this happens, Spotted Owls 

enter the non"territorial population, where they 
are non-breeders and less detectable using the 
calling surveys used to sample territorial owls 
(Kelly 2001). Under this scenario, Spotted Owls 

that are not displaced may continue to breed at 
levels similar to historic levels, but the net effect 
of Barred Owls on fecundity is to reduce the total 

number of young Spotted Owls produced. Dis

placement of territorial Spotted Owls by Barred 
Owls may explain seemingly counterintuitive 

results such as the positive beta associated with 
the BO covariate in the analysis of fecundity on 
the H)A study area. In this situation, the Spotted 

Owls that are monitored are mostly the ones not 
displaced by Barred Owls, and are likely to be the 
oldest and most experienced owls. In addition, 

detections of Barred Owls were more frequent in 
our study areas in Washington and Oregon, so 
we did not expect the effects of Barred Owls to 

be as strong in California. 
While climate and weather covariates explained 

little of the variation in fecundity in the meta

analysis, there was some support for climate or 
weather effects in the analyses ofindividual study 
areas. For example, there was evidence that low 

temperatures during the early nesting season 
had negative effects on fecundity in three study 
areas (RAJ, COA, CAS) and had a positive effect 
on fecundity in one area (HUP). There was also 

evidence that high precipitation during the early 
nesting season had negative effects on fecundity 

in three study areas (CLE, KLA, NWC). Based on 
a territory-specific study of Spotted Owls on the 
TYE study area, Olson et a1. (2004) also found 

In our analysis of individual study areas, there 

was evidence that the proportion of Spotted Owl 

territories with detections of Barred Owls had a 
negative effect on fecundity in four study areas 
(COA, KLA, CAS, GDR) and an unexpected pos

itive effect on fecundity in one area (H)A). The 
high frequency of study areas with little evidence 
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evidence for a negative effect of precipitation duro 
ing the early nesting season on fecundity in 1988 

to 1999. Cold, wet weather during the incubation. 
brooding, and early fledgling stages has been 

reported to be a direct cause of egg and chick 
mortality through chilling and exposure in Per
egrine Falcons (Falco peregrinus; Olsen and Olsen 

1989, Bradley et a1. 1997) and Australian Brown 
Falcons (I'. berigora; McDonald et a1. 2004). We 
also observed mortality in cases where recently 

fledged owlets died from exposure during unsea
sonal periods of cold, snowy weather in late May 
or early June. However, it is unclear if the effect 

of precipitation on fecundity is due primarily to 
direct loss of eggs or juveniles from exposure, 

effects on prey abundance or availability, or 
reduced foraging efficiency of adults (Franklin 
et a1. 2000). Most likely, the effect is due to a com

bination of all of these factors. Studies of corti
costerone levels show that inclement weather can 
lead to increased stress among adult birds in 

Dark-eyed Juncos (junco hyemolis; Rogers et a1. 
1983), Storm Petrels (Pelecanoides urinatrix; 
Smith et a1. 1994), Lapland Longspurs (Calcarius 
lapponicus; Astheimer et a1. 1995), White-crowned 
Sparrows (Zonotrichia leucophrys; Wingfield el al. 
1983), and male Song Sparrows (Melospiza melo
dia; Wingfield 1985). However, some studies also 
suggest that only unusually severe weather actu
ally results in stress levels high enough to cause 

birds to forego nesting or to fail after starting to 

nest (Romero et a1. 2000)_ 
Dugger et a1. (2005) suggested that a negative 

relationship between fecundity of Spotted Owls 
and mean precipitation in the previous winter 
could reflect climate effects on prey abundance 

and/or availability. Few studies have linked abun
dance or availability of Spotted Owl prey ~o 

weather conditions, but Lehmkuhl et a1. (2006b) 

reported that annual survival of northern flying 
squirrels (Glaucomys sabrinus) was negatively 
associated with snow depth. Fecundity of Spot

ted Owls could also be influenced by prey abun
dance. Rosenberg et a1. (2003) reported a positive 
correlation between fecundity of Northern Spot" 
ted Owls and abundance of deer mice (Peromy
scus maniculatus) during the nesting season over 

an eight-year period on the H)A study area. I-low

ever, deer mice were not the most important prey 
in the diet on the H)A study area «10% of prey 
numbers), so it was unclear if the correlation 

between owl fecundity and deer mouse numbers 
was a causal relationship. Similarly, Ward and 
Block (1995) documented a year of high repro

duction by Mexican Spotted Owls (S. o. lucida) 
that occurred in conjunction with an eruption of 
white-footed mice (P. leucopus) in southern New 

Mexico. Although the data are limited for Spot
ted Owls, annual variation in prey abundance 
has strong effects on fecundity of most raptors in 

northern latitudes, including such diverse spe" 
cies as Tengmalm's Owl (Aegolius funereus; 
Korpimaki 1992, Hakkaraineneta1.1997), Golden 

Eagle (Aquila chrysaetos; Steenhof et a1. 1997), 
Great-horned Owl (Bubo virginianus; Rohner 

1996), and Northern Goshawk (Accipiter gentilis; 
Salafsky et a1. 2005). We suspect, therefore, that 
we will continue to have difficulty modeling 
annual variation in fecundity of Northern Spot

ted Owls without long-term information on the 
abundance of prey that make up the majority of 

their diet, especially flying squirrels, woodrats 
(NeDtoma spp.), red-backed voles (Myodes spp.), 
deer mice, tree voles (Arborimus spp.), and lago

morphs (Lepus americanus, Sylvilagus spp.)_ 
In Washington and Oregon, the habitat covari

ate was included in either a top fecundity model 
or a competitive model in seven of the eight 

study areas. There was strong evidence for a pos
itive effect of the amount of habitat on fecundity 
in four study areas (COA, H)A, TYE, CAS), and 

a negative effect of habitat on fecundity in one 
area (KLA). We cannot discount the possibility 
that the absence of a strong effect of habitat on 

fecundity in all study areas was because our hab
itat covariate was too simplistic. Other habitat 
features such as the amount of edge, mean patch 

size, or amount of interior forest habitat may be 
important to Spotted Owls (Franklin et a1. 2000, 
Olson et a1. 2004, Dugger et a1. 2005), and these 

variables were not readily available for all of our 
study areas. Also, in a previous territory-specific 
study on the NWC study area, Franklin et a1. 

(2000) found that fecundity of Spotted Owls was 
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negatively associated with the amount of interior 
forest and positively associated with the amount 
of edge, whereas adult survival was positively 
associated with the amount of interior old
growth forest and with the amount of edge. 
Based on these findings, Franklin et aL (2000) 

postulated that "habitat fitness" for Spotted Owls 
was greatest in areas that included large amounts 
of interior mature and old-growth forest, but 
with considerable amounts of edge as well. How
ever, evidence for a positive effect of edge on 
fecundity of Spotted Owls is not consistent 
across the range of the subspecies. For example, 
Dugger et aJ. (2005) found a positive relationship 

between fecundity and the percent cover of old 
forest within a 730-m-radius circle of Spotted 

Owl activity centers in southern Oregon but 
found no evidence that fecundity was positively 
associated with the amount of edge. Whether 

spatially explicit covariates such as the amount 
of edge or amount of interior old forest could be 
useful or meaningful in a study-area -specific 
analysis or in a meta-analysis of multiple study 
areas is questionable but should be explored. 

The meta-analysis of adult fecundity also 
indicated differences among ecoregions and 
substantial annual variability with no apparent 
time trend. Our results were virtually identical 
to those reported by Anthony et aJ. (2006), 
including the high fecundity of Spotted Owls in 
the Washington Mixed-conifer ecoregion com
pared to all other regions. There was also some 
evidence for an effect of habitat and presence of 
Barred Owls on fecundity, but in both cases the 
confidence intervals for the regression coeffi
cients overlapped zero. The lack of a strong sig
nal regarding the effects of habitat and Barred 
Owls on fecundity in the meta-analysis was not 
surprising considering the high variation 
among study areas regarding the importance of 
the habitat and the highly variable number of 

detections of Barred Owls among study areas 
(Appendix B). The meta-analysis also provided 
little evidence that ownership, climate, or 
weather had strong effects on fecundity. 

We did not monitor prey abundance on all 
our study areas, but some lines of evidence sug-

gest that the high fecundity of Spotted Owls on 
the east slope of the Cascades in Washington 
could be due to particularly high abundance or 

availability of preferred prey such as flying 
squirrels and woodrats (Lehmkuhl et aJ. 2006a, 
b). In addition, the understory shrub layer in 

forests on the east slope of the Cascades tends 
to be less dense than in forests in western 
Washington and Oregon, which may make it 
easier for Spotted Owls to capture prey in for
ests on the east slope. Tests of the prey abun
dance and availability hypotheses will likely 
prove difficult, but one obvious need is to initi
ate studies to better evaluate annual variation 
in the total biomass of prey available to Spotted 

Owls in different study areas. 
We identified three major difficulties in the 

approach we used to model fecundity in the 
present analysis and previous meta-analyses. 
First, it was difficult to establish the effects of 

other variables in the presence of the strong 
even-odd year fluctuations in fecundity during 
the 1990s. If no adjustment is made for these 

even-odd year effects, the residual variation is 
large and negatively auto-correlated over time, 
which overwhelms the effects of any other cov
ariate. In addition, because the even-odd year 
effect started to dissipate after about 2000, mod
els that included the even-odd year effect had 

large residuals, which in turn made it difficult 

to detect the effects of other covariates. 
Second, some of our covariates were highly 

correlated and in many cases also reflected time 
variation. For example, the BO covariate was neg
atively correlated with temporal trends because 
the proportion of territories on which Barred 
Owls were detected increased on most study 
areas over time (Appendix B). The habitat covari

ate was also somewhat correlated with time 
because it mainly reflected habitat loss over time. 

Finally, some of the covariates we investigated 
were likely influential at the level of the individ
ual territory, but in this analysis we modeled 

average effect across populations (study areas). 
For example, habitat and Barred Owls may have 
a strong effect on fecundity of individuals, but 
this could he masked by using yearly averages, 
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particularly in conjunction with the s~rong 

annual variation in fecundity observed in our 
study. The above problems are likely to be 

present in any study of a species with a cyclic 
pattern of fecundity or with highly correlated 
covariates. There is no easy solution to these 
problems, except to recognize that they occur, 
and to avoid the inclusion of highly correlated 
covariates in the same models. 

Apparent Survival 

Annual recapture probabilities of territorial 
Spotted Owls in our study areas generally ranged 
from 0.70 to 0.90, within the range of estimates 

reported in previous studies of Spotted Owls 
(Burnham et a!. 1996, Anthony et a!. 2006). With 
the exception of one study area (OLY), our results 

indicated that male and female Spotted Owls 
had similar survival rates. Studies of Ural Owls 
(Strix urolensis; Saurola 2003) and Tawny 

Owls (S. aluco; Karell et a!. 2009) also indicated 
no gender differences in survival of these spe
cies as well (but see Millon et a!. 2009). Gender 

differences in survival of birds have been attrib
uted to many factors, including sexual differ
ences in dispersal (Croxall et a!. 1990), plumage 

attributes (M0ller and Szop 2002), territorial 
defense (Clobert et a!. 1988), and feeding behav
ior (Clobert et a!. 1988). Because male Spotted 

Owls play the dominant role in territorial defense 
and feeding of the young, we predicted that, if 
anything, they would have lower survival than 

females. The pattern on the OLY study area was 
opposite to this expected result, which supported 
the alternative hypothesis that egg production, 

incubation, brooding, and nest defense had 
higher costs on the survival and site fidelity of 
females than did territorial defense and foraging 
by the male. 

Results from our study areas also indicated 
that apparent survival was influenced by a 
number of other factors including age, time, 
Barred Owls, reproduction, and weather, 
depending on the study area in question. The 

age-specific pattern that we observed (lower 
survival in young birds) is typical of many, if not 

most, species of birds (ClobertetaL 1988; Newton 
1989; Saurola 1987, 2003; Martin 1995; Karell et aL 

2009), In long-lived, territorial birds like Spotted 
Owls, higher adultsurvivalis probably attributable 
to the acquisition of a territory, foraging 
experience, and familiarity with the foraging 
area (Newton 1989, Martin 1995), but tests of 
these hypotheses have not been conducted. 

OUf estimates of survival were generally 
comparable to those reported by Burnham et aL 

(1996) and Anthony et aL (2006) except that the 
range of estimates for each age group in our 
study was slightly narrower than in the earlier 

studies. OUf results were also comparable to 
those for adult California Spotted Owls (Blakesley 
et aL 2001, Seamans et aL 2001, Franklin et aL 

2004) and adult Mexican Spotted Owls in Arizona 
(Seamans et aL 1999). Results from all three 
subspecies of Spotted Owls throughout their 

geographic range indicated that survival rates 
were high, with relatively low annual variability, 
while fecundity was highly variable from year to 

year. This life history strategy has be~n referred 
to as "bet hedging" (Stearns 1976, Franklin et aL 
2000. Gaillard et aL 2000), where natural selection 
favors adult survival at the expense of producing 
fewer young during years with unfavorable 
conditions. Selection for high and comparatively 

stable adult survival is important because 
sensitivity analyses on population dynamics of 
Northern Spotted Owls (Noon and Biles 1990, 

Lande 1991) and California Spotted Owls 
(Blakesley et aL 2001) indicated that annual rates 
of population change were most influenced by 
changes in adult survival. 

One disturbing finding in our analysis was 
that estimates of apparent survival were declin
ing on 10 of the 11 study areas (CLE, RAI, OLY, 

COA, HJA, TYE, CAS, NWC, HUP, GDR, Fig. 5, 
Table 22). In addition, fecundity was declining 

in 5 of the 11 areas (Table 22). Declines in appar
ent survival of Northern Spotted Owls on some 
study areas have been reported previously 
(Burnham et aJ. 1996, Anthony et aJ. 2006), but, 
in contrast to those studies, our results indi
cated that recent declines were occurring across 
the entire range of the subspecies, including the 
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TABLE 22 
Summary oJtrends in demographic parameters for Northern Spotted Owls from 

11 study areas in Washington, Oregon, and California, 7985-2008. 

No. of 

territorial 
owls in Apparent survival 

~ 
Study area 200ga Fecundity (Model-averaged) 6leb 

Washington 

CLE 18 Declining Declining 0.937 Declining 

RAI 36 Increasing Declining 0.929 Declining 

OLY 54 Stable Declining 0.957 Declining 

Oregon 

COA 105 Increasing Declining since 1998 0.966 Declining 

H}A 152 Increasing Declining since 1997 0.977 Declining 

TYE 123 Stable Declining since 2000 0.996 Stationary 

KLA 136 Declining Stable 0.990 Stationary 

CAS 83 Declining Declining since 2000 0.982 Stationary 

California 

NWC 84 Declining Declining 0.983 Declining 

I-IUP 51 Stable Declining since 2004 0.989 Stationary 

GDR 125 Declining Declining 0.972 Declining 

a Counts arc based on banded territorial owls used in the analysis ofi and do not include owls that were not banded 

or whose bands were not confirmed. 
b Population trends are based on estimates of realized population change (L'l.r)· 

southern portion. Estimated declines in adult 
survival were most precipitous in Washington, 
where annual apparent survival rates were 
<0.80 in recent years (Fig. SA), a rate that may 
not allow for sustainable populations with cur
rent rates of fecundity and recruitment (Noon 
and Biles 1990, Lande 1991). In addition, the 
declines in adult survival and fecundity in Ore
gon have occurred predominantly within the 
last five years (Fig. SB) and were not observed in 
the previous analysis of data from Oregon 
(Anthony et a1. 2006). Compared to study areas 
farther north, declines in survival on the GDR 
and NWC study areas in California were more 
gradual and over a longer period of years. Col
lectively, the declines in apparent survival of 
Northern Spotted Owls across much of the sub
species' range are cause for concern because 

Spotted Owl populations are most sensitive to 
changes in adult survival rates (Noon and Biles 

1990, Lande 1991). 
Anthony et al. (2006) found evidence of a 

negative Barred Owl effect on apparent survival 
of Spotted Owls in only 2 of the 14 study areas 
they examined. In our analysiS of data from 
individual study areas, the percent of Spotted 
Owl territories with Barred Owl detections had 
a negative effect on apparent survival of Spotted 
Owls on 6 of 11 areas examined (RAI, OLY, 
COA, HJA, GDR, NWC), with a weak or 
negligible effect on the other five areas (CLE, 
TYE, KLA, CAS, HUP). Thus, our results 
suggest that the negative effect of Barred Owls 
on survival of Spotted Owls may be increasing 
as Barred Owls continue to invade and increase 
in numbers in our study areas (Appendix B). 
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In the meta-analysis of apparent survival, 
we found differences among study areas and 
ecoregions, and considerable annual variation 
in adult survival. Apparent survival rates were 
higher in the Oregon Cascades Douglas-fir, 
Oregon Coastal Douglas'fir, and California Coast 
ecoregions compared to the Mixed-conifer ecore
gions in Washington and Oregon/California. 
The meta-analysis also provided evidence of a 
downward trend in survival for all study areas, 
which was expected given that our analyses of 
the individual study areas indicated declining 
survival rates on 10 of 11 areas. The overall 
decline in survival suggests a further deteriora
tion of the situation reported by Anthony et al. 
(2006), who found that declines in survival were 
limited primarily to study areas in Washington. 

The best random effects models in the meta
analysis suggested that reproduction in the pre
vious year and the proportion of territories with 
Barred Owl detections both had negative effects 
on survival. We found some evidence that early 
nesting season precipitation had a negative 
effect on apparent survival but there was little to 
no evidence that the Pacific Decadal Oscillation, 
Southern Oscillation Index, nesting season tem
perature, percent cover of habitat, ownership, or 
latitude were associated with survival. It was not 
surprising that we did not find much evidence 
for an effect of weather in the meta -analysis 
because a previous analysis of demographic data 
and weather variables from six of our study 
areas indicated that the association of apparent 
survival with weather and climate covariates 
was quite variable among areas (Glenn 2009, 
Glenn et al. 2010, 2011). The lack of association 
between survival and most weather covariates 
suggests that Spotted Owls are able to cope 
physiologically with a fairly broad range of 
adverse weather conditions before their su::-vival 
is affected. Romero et a1. (2000) proposed a sim
ilar hypothesis regarding the effects of weather 
on reproduction of three species of Arctic pas
serines. If survival is affected only by the most 
extreme weather events, which occur at unpre
dictable times, detection of these effects will 
likely require hierarchical analyses to evaluate 

the influence of within-year or within-season 
weather events (Rotenberry and Wiens 1991). 

Annual Rate of Population Change and 
Realized Rates of Population Change 

Individual Study Areas 

Our estimates of A were <1.0 for all study areas 
(range ~ 0.929 to 0.996), and there was strong 
evidence that populations declined on 7 of the 11 
areas that we examined (RA!, OLY, CLE, COA, 
HJA, NWC, GDR). On the other four areas (TYE, 
KLA, CAS, HUP), either populations were stable 
or the precision of the estimates was not suffi
cient to detect declines. The number of territorial 
owls detected on allll areas was lower at the end 
of the study than at the beginning, and few terri, 
torial owls could be found on some of the study 
areas in 2008 (Table 22). Estimated rates of 
decline were highest for study areas in Washington 
(RAt OLY, CLE) and the COA study area in 
Oregon. The weighted mean estimate of A, for all 
11 study areas was 0.971, indicating an average 
population decline of 2.9% per year during the 
years 1990 to 2006. An average annual decline of 
2.9% is lower than the 3.7% reported by Anthony 
et al. (2006), but the rates are not directly compa
rable because Anthony et al. (2006) examined a 
different series of years and because two of the 
study areas in their analysis were discontinued 
(WEN, WSR) and not included in our analysis. In 
our analysis, rates of population decline for indi
vidual study areas were slightly higher than those 
reported by Anthony et aI., who found that popu
lations on 9 of 13 study areas were declining. In 
California, Franklin et al. (2004) found that esti
mates of ~Js for California Spotted Owls were 
negative on four of five study areas examined, 
but in all five cases the 95% confidence intervals 
on A, overlapped 1.0. Franklin et a1. (2004:33) con
cluded that either " ... the populations were sta
tionary or the estimates of At were not sufficiently 
precise to detect declines if they occurred." 

Our estimates of A, apply only to the years 
from which the data were analyzed, which 
spanned the 16,year period from 1990 to 2006 
(Table 19). Any predictions about past or future 
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trajectories of Spotted Owl populations on our 
study areas are risky. Also, the estimates of ''A 
are mean estimates of the annual rate ofpopula
tion change in the number of territorial Spotted 
Owls on the study areas, and the estimates of A, 
for each study area varied considerably. Conse
quently, we attempted to illustrate how annual 
changes in At influenced trends in population 
numbers by estimating realized population 
changes, 11" for each study area. Based on these 
estimates, populations on the CLE, RAI, OLY, 
and COA study areas declined 40 to 60% during 
the last 15+ years, and populations on HJA, 
NWC, and GDR declined by 20 to 30%. Popula
tions ofterritorial owls on the TYE, KLA, CAS, 
and HUP study areas declined 5 to 15%, but 
confidence intervals for these estimates sub
stantially overlapped 1.0, and precision of the 
estimates was not sufficient to detect such small 
declines. Both the timing of the population 
declines and the rates of decline differed among 
study areas (Fig. 10). Thus, there was no evi
dence that population declines were synchro
nized among study areas, even though some of 
the study areas were relatively close together 
(e.g., COA, TYE, KLA), and marked individuals 
from one study area were occasionally re-sighted 
in another study area. The number of popula
tions that declined and the rate of decline on 
study areas in Washington and northern 
Oregon were noteworthy and should be cause 
for concern for the long-term sustainability of 
Northern Spotted Owl populations throughout 

the range of the subspecies. 

Meta-analysis of Annual Rate of 
Population Change 

In the meta-analysis of A, we found differences 
among ecoregions and a negative effect of 
Barred Owls on survival. Apparent survival was 
highest in the Oregon Coast Douglas-fir ecore
gion, which was expected given that the Oregon 
Coast Range study area also had higher survival 
in the meta-analysis of survival. Apparent sur
vival and A. were lowest in the Douglas-fir and 
Mixed-conifer ecoregion in Washington, and 

recruitment was highest for the Oregon/California 
Mixed-conifer region. There was weak evidence 
that apparent survival was related to the percent 
cover of suitable owl habitat on four of eight 
study areas, but there was no evidence that 
weather or land ownership influenced apparent 
survival in the meta-analyses of A. In contrast, 
there was evidence that the amount of suitable 
habitat within study areas had a positive influ
ence on recruitment, and recruitment was high
est for study areas on federally owned lands that 
had the highest proportions of suitable owl habi
tat. Positive associations between the percent 
cover of suitable owl habitat and survival and 
recruitment were expected because previous 
studies (Franklin et aJ. 2000, Olson et aJ. 2004, 
Dugger et aJ. 2005) have also found positive 
associations between apparent survival or 
fecundity and the amount of older forests sur
rounding Spotted Owl nest sites. However, 
given the importance of habitat in most previ-
0us studies of Spotted Owls, we were surprised 
that the percent cover of suitable habitat was not 
included in the top models for all study areas. 
Weak effects of habitat in our analysis could be 
the result of using habitat as a study area covari
ate as opposed to a site-specific covariate. The 
area-specific habitat covariate may have obscured 
relationships that could only be detected with 
finer-scale analyses of survival and fecundity at 

the scale of the owl home range. 
In the meta· analysis of A., we asked: Is tempo

ral variation in ~ determined primarily by varia
tion in (P

t
, ft, or both? This general question is 

relevant to management because the answer 
may provide guidance regarding which popula
tion parameter(s) managers should focus on 
most when designing habitat management 
plans. In addition, there is some basis for predic
tion regarding the most important population 
parameters for species like Spotted Owls based 
on previous research on evolution of life history 
strategies in animals. In mammals and birds 
with long life spans, such as Spotted Owls, pop
ulation dynamics are typically characterized by 
(1) rates of population change that are most sen
sitive to changes in adult survival, and (2) adult 
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survival that exhibits a relatively small amount 
of temporal variation compared to temporal vari
ation in recruitment (Pfister 1998; Gaillard et aJ. 
1998, 2000; Gaillard and Yoccoz 2003). The 
degree to which annual variation in population 
change reflects variation in one parameter or 
another is a function of both the sensitivity of A. 
to that parameter and temporal variation in the 
parameter. Based on these patterns, we predicted 
there would be small temporal variability in 
adult survival compared to recruitment. The 

plots of year-specific estimates of At, CPt' and!, 
provided illustrations of the temporal varia~ion 
in annual population changes and its two pri
mary components ('1\ and!,; Fig. 12). 

Although it was not our objective to draw 
inferences about whether survival or recruit
ment was more "important" to population 
change (see Hines and Nichols 2002 for discus
sion of this topic), we were interested in whether 
survival of territorial adults varied so little over 
time that most temporal variation in \ was pro
duced by temporal variation in recruitment. 
This prediction did not hold true for Northern 
Spotted Owls because survival of adults varied 
considerably among years (range ~ 0.70 to 0.90). 
Because of the importance of adult survival to 
annual population change (Lande 1988, Noon 
and Biles 1990), the observed variation in adult 
survival often corresponded closely to annual 
variation in A. and was most noticeable where 
populations were declining the most, especially 
study areas in Washington. However, the annual 
variation in apparent survival in our study was 
not nearly as great as annual variation in repro
duction, so our results do fit the pattern usually 
observed in long-lived vertebrates, where sur
vival is relatively constant compared to fecun
dity (Stearns 1976, Franklin et al, 2000, Gaillard 
et aJ. 2000). 

Status of Owl Populations in the Eight NWFP 
Monitoring Areas 

Eight of the study areas in our analysis (CLE, 
OLY, COA, HJA, TYE, KLA, CAS, NWC) are 
part of the effectiveness monitoring program 
for the Northern Spotted Owl in the Northwest 

Forest Plan (NWFP; Lint et aJ. 1999). As such, 
these areas are of special interest to the federal 
agencies charged with management of the owl. 
Our analysis indicated that populations on five 
of these study areas (CLE, OLY, COA, HTA, 
NWC) were declining during our study. Point 
estimates of A on the other three areas (TYE, 
KLA, CAS) were <1.0, but the 95% confidence 
intervals on the estimates of A broadly over
lapped 1.0, so we could not reject the hypothesis 
that those populations were stationary. The 
weighted mean A. for the eight monitoring areas 
was 0.972 (SE ~ 0.006), which indicated that 
populations on those areas declined on average 
2.8% per year during the 16-year study period. 

Our results from the meta-analyses of fecun
dity and apparent survival were similar regard
less of whether we used the entire sample of 11 
study areas or limited the analysis to the eight 
NWFP monitoring areas. Therefore, we suggest 
that future analyses of the data from Northern 
Spotted Owl demography study areas be con
ducted only on the entire sample. Conducting a 
single analysis of all the data will greatly sim
plify the cooperative approach without losing 
any important information. 

Associations Between Demographic Parameters 
and Covariates 

Determination of cause-effect relationships 
is not possible with observational studies like 
ours. Rather, we attempted to assess the relative 
strength of associations between vital rates of 
owls and various environmental parameters such 
as habitat, weather, and presence of Barred Owls. 
It is implicit in this type of analysis that strong 
associations between vital rates and environmen
tal factors are likely indicative of cause-effect 
relationships. Testing for associations is a com
mon approach in ecology, where experimental 
tests of cause-effect relationships are difficult or 
impossible to conduct. Previous meta-analyses of 
demography of Northern Spotted Owls lacked 
the ability to assess potential processes responsi
ble for causes of population declines. As a result, 
Anthony et al. (2006) recommended the develop
ment and use of biological covariates to help 
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explain the variability in demographic rates and 
better understand the possible reasons for pop
ulation changes. Consequently, we devoted 
considerable time to the development and 
refinement of covariates for evaluating the 
potential effects of reproduction, Barred Owls, 
climate, and percent cover of suitable owl habi
tat on fecundity, apparent survival, and recruit
ment at the population (study area) scale. 
Reproduction and Barred Owl covariates were 
previously investigated in the Anthony et a1. 
(2006) analysis, but the climate and habitat 
covariates were new to our analysis. We also 
spent considerable time trying to develop a 
covariate for Barred Owls that was both time
and territory- Of individual-specific, but inclu
sion of such a covariate proved infeasible in 
our analysis. Use of territory~specific covari~ 
ates has proven feasible only in studies such as 
those conducted by Olson et a1. (2004, 2005), 
Bailey et a1. (2009), and Dugger et a1. (2005), 
where the frame of reference is the individual 
territory as opposed to the study area or region. 
The area~specific Barred Owl covariate that we 
used differed from the covariate used by 
Anthony et al. (2006) in that our metric was 
based on Barred Owl detections anywhere 
within a i-km radius of any of the historic 
activity centers in each Spotted Owl territory 
(see Methods for more details), as opposed to 
just the most recently occupied activity center. 
We used the new Barred Owl covariate because 
it may be a better indicator of the potential 
influence of Barred Owls on Spotted Owls in 

each territory. 

Cost of Reproduction on Survival 

There have been a number of correlative stud· 
ies in which researchers found evidence that 
reproduction had negative effects on survival 
of breeding birds, including Western Gulls 
(Larus occidentalis; Pyle et a1. 1997), Greater 
Flamingos (Phoenicopterus ruber; Tavecchia 
et a1. 2001), Great Tits (Parus major; McCleery 
et a1. 1996), and Lesser Scaup (Aythya affinis; 
Rotella et aJ, 2003). Anthony et a1. (2006) found 

that apparent survival of Northern Spotted 
Owls was negatively related to the mean 
number of young produced in the previous 
summer on some study areas in Washington 
and higher~elevation areas in Oregon. They 
hypothesized that negative correlations 
between survival and reproduction suggested a 
cost of reproduction, with the ultimate factor 
being weatheHelated. Although the reproduc
tion covariate was not included in the top or 
competitive models for most individual study 
areas in our analysiS, it was a factor in the best 
random effects model in the meta~analysis of 
survival. Based on this result, we concluded 
that there was evidence of a negative effect of 
reproduction on survival, even though the 
reproduction covariate did not explain a large 
amount of the annual variation in adult sur~ 
vival. The potential effect of reproduction on 
apparent survival did not appear to be related 
to the recent and widespread declines in Spot~ 
ted Owl populations; however, it may be a con~ 
tributing factor to some of the population 
declines, and this relationship needs further 
investigation. If a cost of reproduction is impor~ 
tant in Spotted Owls, the proximate causes 
could include increased exposure to predation 
or increased energy expenditure while forag~ 
ing, feeding young, and defending the terri
tory. These factors have all been proposed as 
potential costs associated with reproduction in 
other birds (Newton 1989), but have been 
experimentally tested in only a few cases, with 
mixed results (Cichon et a1. 1998). 

Weather and Climate 

Several studies have documented associations 
between fecundity or apparent survival of North
ern Spotted Owls and seasonal weather patterns 
(Wagner et a1. 1996, Franklin et a1. 2000, Olson 
et a1. 2004, Glenn 2009, Glenn et a1. 2010, 2011). 
Our results indicated that associations between 
fecundity, apparent survival, or recruitment and 
weather covariates varied among study areas. 
Fecundity was positively associated with mean 
temperature during the early nesting season on 
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four of our study areas (RAI, COA, CAS, GDR). 
The positive association between fecundity and 
warm weather during the early nesting season 
has also been noted in several previous studies 
in which researchers used territory~based analy~ 
ses to examine the effects of weather on fecun~ 
dity of Spotted Owls (Wagner et a1. 1996, Franklin 
et a1. 2000, Olson et a1. 2004, Glenn et a1. In press). 
In addition, there was some evidence that fecun~ 
dity was negatively associated with mean precip
itation during the early nesting season on the 
KLA, CLE, and NWC study areas, and mean 
temperature during the late nesting season had 
a negative association with fecundity on TYE. 
Our results, and those of others (Franklin et a1. 
2000, Olson et a1. 2004, Glenn et a1. In press), sug
gest that years of high precipitation and low lem
peratures during the early nesting season can 
have a negative effect on fecundity of Northern 
Spotted Owls. 

In our meta~analysis of survival, we detected 
a positive assoCIatIOn between apparent 
survival and the Pacific Decadal Oscillation, 
and a negative association between apparent 
survival and early nesting season precipitation, 
but these associations were not strong. 
Similarly, the meta-analysis of A. indicated a 
positive association of apparent survival with 
the Pacific Decadal Oscillation, but no evidence 
for an association between recruitment and 
any of the climate covariates. (Glenn et a1. 2010) 
reported a similar association between "A and 
the Pacific Decadal Oscillation on a subset of 
the study areas in our analysis. Positive values 
of the Pacific Decadal Oscillation are associated 
with lower than average rainfall and higher 
than average temperatures (Parson et a1. 2001). 
We did not find evidence for any other 
associations between survival or recruitment 
of Northern Spotted Owls and weather or 
climate covariates in the meta-analyses. Lack 
of effects was not surprising because weather 
and climate varied considerably across the 
range of the Northern Spotted Owl, even 
within the same year (Glenn et a1. 2010). Thus, 
analyses of potential associations between 
demographic rates and weather and climate 

covariates on individual study areas may reveal 
patterns that were obscured in our meta~ 
analysis of multiple study areas. 

In summary, our analysis of climate covari~ 
ates indicated the most evidence for a positive 
association between fecundity and mean tem
perature during the early nesting season, and a 
negative association between fecundity and 
mean precipitation during the early nesting 
season. We found little evidence for effects of 
weather on apparent survival and recruitment, 
and the only climate variable for which we 
found a positive association with apparent sur
vival was the Pacific Decadal Oscillation. We 
concluded that weather and climate may con~ 
tribute to lower demographic rates for some 
areas in some years, but the effects were not 
sufficient to explain the major population 
declines that have occurred during the last 
15 to 20 years. 

Barred Owls 

The number of Barred Owl detections in our 
study areas has increased dramatically during 
the last two decades (Appendix B). The increase 
in Barred Owls has been most noticeable in 
Washington and Oregon, but has become 
apparent in northern California as well (Dark 
et a1. 1998, Kelly 2001, Kelly et a1. 2003). Inva
sion and rapid population growth of this con
generic species throughout the range of the 
Northern Spotted Owl has led to concerns of 
high potential for competition between the two 
species. Recent studies have also documented 
a negative association between occupancy of 
nesting territories (Kelly et a1. 2003, Olson et a1. 
2005), fecundity (Olson et a1. 2004), and appar
ent survival (Anthony et a1. 2006) in some areas 
in relation to the presence of Barred Owls near 
nesting areas of Spotted Owls. Consequently, 
we hypothesized that demographic rates would 
be negatively associated with the presence of 
Barred Owls within 1 km of activity centers 
of Spotted Owls. 

We found evidence that fecundity was nega
tively associated with the presence of Barred 
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Owls on the CAS, COA, KLA, and GDR study 
areas. Moreover, apparent survival was nega
tively associated with the presence of Barred 
Owls on the RAJ. OLY, COA, HJA, GDR, and 
NWC study areas in both analyses of individual 
study areas and the meta-analysis. The meta
analysis of A also indicated a negative 
association of apparent survival and recruit
ment with the proportion of territories with 
Barred Owl detections, but the evidence for a 
relationship with recruitment was weak. We 
also found evidence for a negative association 
of re·sighting probabilities of Spotted Owls 
when Barred Owls were detected near Spotted 
Owl nest areas on some of the individual study 
areas. In summary, we found evidence of nega
tive relationships between demographic rates 
of Spotted Owls and the presence of Barred 
Owls on most study areas; therefore, our initial 
hypothesis was confirmed at least on some 
study areas. We suspect that the variable rela· 
tionships between vital rates of Spotted Owls 
and the presence of Barred Owls were prima
rily due to the variable detection rates and 
arrival dates of Barred Owls invading the study 
areas (Appendix B). Another explanation for 
the inconsistent, and in some cases weak, asso
ciations between vital rates of Spotted Owls 
and detections of Barred Owls is that our BO 
covariate was coarse in scale (year-specific 
only) and was applied at the population scale 
and not the individual territory scale. Conse
quently, we believe the influence of Barred 
Owls on demography of Spotted Owls is likely 
stronger than was indicated by our analyses. 
There is a need to develop a covariate for Barred 
Owls that is both year· and territory· specific 
(Anthony et aJ. 2006). Our results support the 
findings of previous studies that have also 
reported evidence for negative associations of 
demographic performance of Spotted Owls 
when Barred Owls were detected near their 
nest areas (Kelly et aJ. 2003; Olson et aJ. 2004, 
2005; Anthony et aJ. 2006). In addition, Olson 
et aJ. (2005) found evidence that occupancy and 
colonization rates of Spotted Owl territories 
were negatively associated with detections of 

Barred Owls. In another territory-specific 
study, K. Dugger et aJ. (In press) found 
evidence that extinction rates of Spotted Owl 
territories were higher on territories with 
Barred Owl detections, and this effect was 
stronger as the amount of habitat decreased. 
The latter results suggested an additive effect 
of decreasing habitat and presence of Barred 
Owls on demographic performance of Spotted 

Owls. 
Taken together, results of our current study 

and previous studies do not prove a causal 
effect of Barred Owls on the demography of 
Northern Spotted Owls, However, the consist
ency of the negative associations between Spot
ted Owl demographic rates and presence of 
Barred Owls in multiple studies lends support 
to the conclusion that Barred Owls are having 
a negative effect on spotted owl populations. 
Of the various factors we investigated to ascer
tain potential effects on demographic rates of 
Northern Spotted Owls, the mostly negative 
associations with the presence of Barred Owls 
were the strongest and most consistent factor 
among study areas. The negative associations 
with Barred Owls were more numerous and 
stronger in our analysis than those reported by 
Anthony et aJ. (2006), and corresponded with 
the increase in detections of Barred Owls in 
the last five years on our study areas. The 
increasing evidence for a Barred Owl effect 
suggests that recent declines in fecundity, 
apparent survival, and populations of Spotted 
Owls on our study areas are at least partly due 
to interactions with Barred Owls. However, we 
cannot rule out the potential influence of con
tinued declines in habitat as another factor 
contributing to population declines (see 

below). 

Habitat 

Our investigation of the potential influence of 
habitat on demographic rates of Northern Spot
ted Owls was both challenging and problem
atic for a number of reasons. First, comparable 
vegetation maps from satellite imagery for the 
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entire range of the subspecies were not availa
ble, and it was clear during the workshop that 
the imagery for California was developed with 
different criteria and was different from the 
vegetation map of Washing ton and Oregon. As 
a result, we excluded the California study areas 
in the meta-analysis of demographic rates with 
the habitat covariate. Second, the available map 
for Oregon and Washington did not span the 
entire length of time tbat the demographic 
studies were conducted, so we had to estimate 
the amount of suitable owl habitat that was 
present on the study areas both prior to and 
after 1996, when the best map was available. 
We estimated the amount of habitat that was 
lost due to harvest and wildfires during the 
time of the studies with a change detection 
algorithm (see Methods section). Third, there 
may have been some small amount of forest 
that became suitable owl habitat as a result of 
forest re-growth during our studies, but we 
could not readily identify these forests to be 
able to adjust our estimates accordingly. 
Fourth, the maps that we used characterized 
forest vegetation at landscape scales and did 
not characterize the understory structure, 
which has been shown to be important for 
Spotted Owls and their primary prey (Carey 
et aJ. 1992, Rosenberg and Anthony 1992, 
Buchanan et aJ. 1995, LaHaye and Gutierrez 
1999, Lehmkuhl et aJ. 2006b). 

While the amount of suitable habitat on 
some study areas in Oregon had a positive 
effect on reproduction, there was little evidence 
for a consistent effect of habitat on fecundity 
for all areas in Washington and Oregon from 
the meta-analysis. The absence of a strong 
association between the amount of habitat and 
fecundity was not entirely surprising consider
ing that two previous studies found evidence 
that "habitat fitness" for Spotted Owls increased 
in landscape configurations that included a 
mixture of old forests and edge (Franklin et aJ. 
2000, Olson et aJ. 2005, but see Dugger et aJ. 
2005). Whether inclusion of a forest edge 
covariate in our analysis would have made a 
difference in the outcome is unclear, but 

inclusion of such a covariate should be consid
ered in future analyses. 

In the meta-analysis of survival, apparent 
survival was positively related to the percent 
cover of suitable owl habitat within the study 
area boundaries, but the 95% confidence inter
vals overlapped zero, indicating that the evi
dence for an association was weak. The habitat 
covariate was not included in the analysis of 
survival rates for individual study areas, which 
was an oversight during the development of 
the protocol (see below). Such analyses should 
be considered in the next major analysis of 
demographic data from Spotted Owls. In the 
meta-analysis of A, apparent survival was 
related positively to the percent cover of suita
ble habitat in the CLE, COA, HJA, and TYE 
study areas, as 95% confidence intervals for the 
regression coefficients for the habitat covariate 
barely overlapped zero. More importantly, 
we found a positive relationship between 
recruitment and the percent cover of suitable 
owl habitat within the study areas in the meta
analysis of A. Recruitment was also highest on 
federally owned lands where the amount of 
suitable habitat was highest (Davis and Lint 
2005). One possible explanation for the latter 
result is that more habitat within the study 
areas provided areas where non-territorial owls 
could occupy and survive until they were able 
to recruit into the territorial population. 

A number of territory-specific studies of 
Spotted Owls have reported fairly strong asso· 
ciations between the amount of suitable habi
tat and demographic rates of Spotted Owls. 
The fact that we found relatively weak as socia· 
tions between the amount of habitat and demo
graphic rates suggests that our area-specific 
covariate was too coarse to reveal actual rela
tionships that were acting at the scale of the 
individual owl territory. Our conclusion should 
not be used to infer that the amount of old for· 
est (suitable owl habitat) is not important to 
the demography of the Spotted Owl, because 
other studies have documented positive asso
ciations between demography and the amount 
of old forest surrounding nest sites of Spotted 
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Owls. For example, apparent survival was posi
tively related to the amount of old forest sur
rounding nest sites in territory-specific studies 
of Spotted Owls in northwestern California 
(Franklin et al. 2000) and southern Oregon 
(Dugger et al. 2005), In the territory-specific 
studies conducted by Franklin et al. (2000) and 
Olson et al. (2004), large areas of mature and 
old forest interspersed with openings provided 
the best habitat for Northern Spotted Owls in 
northwestern California and the Oregon Coast 
Ranges. In southern Oregon, Dugger et al. 
(2005) found that reproductive rates of Spotted 
Owls were positively related to the proportion 
of old-growth forest within a 730-m-radius cir
cle around nest sites. In the Sierra Nevada of 
California, Seamans and Gutierrez (2007) 
observed higher colonization and lower 
extinction rates for California Spotted Owls on 
territories with more mature conifer forest. In 
the above studies, analyses were conducted at 
the scale of owl territories within study areas 
and with a smaller scale of habitat mapping 
from aerial photographs; the results of those 
studies were more definitive than our study, 
which was at the scale of entire study areas 
(populations). Also, recent analyses of occu
pancy dynamicS of Northern Spotted Owls in 
the southern Cascades of Oregon indicated 
that there was an additive and negative effect 
of Barred Owls and decreased amounts ofhab
itat on occupancy and colonization, and a posi· 
tive effect on extinction of nesting territories 
(Dugger et al. In press). The latter results sug
gest that it may be necessary to conserve even 
more old forest habitat than is currently pro
tected, if the objective is to increase the likeli
hood that Spotted Owls will be able to persist 
in the face of potential competition with Barred 
Owls for space, habitat, or prey. Competition 
theory predicts that more habitat is necessary 
if two species are to persist when they are in 
direct competition (Levins and Culver 1971, 
Horn and MacArthur 1972), an important con
sideration in the conservation of Northern 
Spotted Owls. Carrete et al. (2005) recom· 
mended an increase in suitable habitat for two 

potentially competing rap tors, the Golden 
Eagle (Aquila chrysaetos) and Bonelli's Eagle 
(A. fasciata) in southern Spain. Last, it is well 
documented that Northern Spotted Owls select 
older forests for nesting (Hershey et al. 1998, 
Swindle et al. 1999), and roosting and foraging 
(Forsman et al. 1984, Thomas et al. 1990, Bart 
and Forsman 1992, Herter et al. 2002, Glenn 
et al. 2004, Forsman et al. 2005) throughout 
most of their range, so these forests are impor
tant to their survival and population persist
ence. Selection for the oldest available forest is 
consistent even within managed forests on pri
vate lands in northwestern California, where 
Diller and Thome (1999) and Thome et al. 
(2000) found that Spotted Owls usually 
occurred in the oldest available forests. 
Researchers studying California Spotted Owls 
have also reported strong associations with 
older forests for nesting, roosting, and forag
ing (LaHaye et al. 1997, LaHaye and Gutierrez 
1999). Consequently, despite the weak associa
tions between demographic rates and habitat in 
our analysis, it would be incorrect to conclude 
from our results that old forest vegetation is not 
important to NorLhern Spotted Owls. 

Potential Biases in Estimates of 
Demographic Parameters 

Numerous authors have discussed possible 
biases associated with estimates of fecundity 
or survival from long-term demography stud
ies of Northern Spotted Owls (Raphael et al. 
1996, Van Deusen et al. 1998, Manly et al. 1999, 
Boyce et al. 2005, Loehle et al. 2005). In some 
cases, these critiques resulted in rigorous 
rebuttals (Franklin et al. 2006). Because param
eter bias could have important effects on devel
opment of effective conservation and manage
ment strategies, we discuss potential sources 
of bias in our estimates of fecundity and appar

ent survival below. 

Fecundity 

Estimates of fecundity can be biased if territo
rial females are present on the study area but 
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are not detected in any given year. If the unde
tected territorial females nest successfully, 
fecundity could be underestimated. If undetec
ted birds do not nest, or nest and fail, fecundity 
is overestimated. These two sources of bias 
may cancel each other out because both sce
narios can happen in the same year, but we 
suspect that the positive bias is slightly more 
prevalent than the negative bias because nOll
nesting females and females that nest and fail 
tend to be more difficult to detect than nesting 
females. However, re-sighting probabilities of 
owls in our study were typically >0.75, so the 
frequency of missing data on reproduction in 
most years was small. Even if there was a bias 
in our estimates of fecundity, this bias should 
have been consistent among years and study 
areas. Therefore, any small positive or negative 
bias in our estimates of fecundity should not 
have confounded any analyses in which 'we 
examined the effects of time, age, study area, 
geographic region, latitude, Barred Owls, cli
mate, or habitat on fecundity. 

Apparent Survival 

Temporary or permanent emigration, hetero
geneity in recapture probabilities, and band 
loss are the primary factors that may create 
biases or lack of precision in estimates of 
apparent survival from analysis of capture
recapture data. Two of these potential biases 
were investigated by Manly et al. (1999), who 
used computer simulations with data from 
Northern Spotted Owls in the eastern Cascades 
of Washington. Variation in recapture proba
bilities for nesting and non~nesting owls, tem
porary emigration, and dependent captures of 
both members of a breeding pair had little 
effect on estimates of apparent survival, 
although temporary emigration can cause 
lower apparent survival estimates for the last 
few years of a study. In addition, the combina
tion of high recapture and survival probabili
ties in our study likely reduced any bias associ
ated with heterogeneity of recapture 
probabilities (Pollock et al. 1990, Hwang and 

Chao 1995). As for permanent emigration, 
Forsman et al. (2002) studied dispersal of ter
ritorial Spotted Owls on a subset of our study 
areas and estimated that only about 6.6% of 
resident owls dispersed from their territories 
each year, and most of those individuals were 
relocated on adjacent territories within the 
boundaries of our survey areas. Nevertheless, 
there were undoubtedly some individuals that 
dispersed and went undetected at the edges of 
our study areas, and to this extent, our esti
mates of apparent survival may have been 
biased low as an index of true survival. 

Annual Rate of Population Change 

Our use of the reparameterized lolly-Seber 
method (RIS; Pradel 1996) to estimate the 
annual finite rate of population change (""IS) 
was a departure from earlier analyses of Spot
ted Owls, in which researchers used Leslie pro
jection matrices (PM; Caswell 2001) to estimate 
A.PM (Anderson and Burnham 1992; LaHaye 
et al. 1992; Burnham et al. 1996; Seamans et al. 
1999, 2002; Blakesley et al. 2001). Estimates of 
A.PM were thought to be biased low in these 
studies because of permanent emigration of 
juveniles from study areas (Raphael et al. 1996, 
Boyce et al. 2005). In contrast, the Pradel (1996) 
method of estimating ~JS uses survival esti
mates from territorial owls only, so it is subject 
to less bias than the Leslie projection matrix 
models (A.PM) for use in capture-recapture 
studies of Spotted Owls (Hines and Nichols 
2002, Franklin et al. 2004, Anthony et al. 2006). 
Estimation of A,RJS assumes that study area 
boundaries are fixed throughout the study and 
that surveys of territorial owls are conducted 
on the same areas with similar effort each year. 
In other words, new owls are not recruited into, 
or previously sampled owls are not lost from 
the sample because of changes in survey area 
or methods. We used established protocols for 
surveying and identifying marked Spotted 
Owls (Franklin et al. 1996, Lint et al. 1999) to 
ensure that study areas were surveyed with 
approximately equal effort each year. In 
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addition, the study areas had fixed geographi
cal boundaries for inclusion of data from indi
vidual owls, and any expansion or contraction 
of study areas (Appendix A) was corrected for 
by modeling in program MARK (see Methods 
section). Thus, the primary assumptions for 
estimating An/s from capture-recapture data 
from Spotted Owls were met. The Pradel 
method for estimating A accounts for move
ment into and out of the study area and is less 

subject to bias caused by permanent emigra
tion of marked owls, which is why the Pradel 
models may improve on the Leslie matrix 
model for estimating the annual rate of popu
lation change for Spotted Owls. If movements 
in and out of the study area are truly asymmet
ric, then the Pradel method should produce a 
high or low" to reflect this (it is not a bias, but 

an accurate reflection of reality). 
Last, band loss in our studies was near Zero. 

Franklin et al. (1996) examined records from 
over 6,000 Northern Spotted Owls double
banded with a colored band and a numbered 
metal band, and found only two cases where 
colored bands were lost and no cases where the 
numbered metal band was lost. Based on the 
above assessments, we believe that any biases 

in our estimates of 'A were small. 

Estimating Goodness-oJ-Fit and Overdispersion 

There are potential biases in the estimation of 
overdispersion (e) when the estimate is based 
on the global goodness-of-fit statistic from pro
gram RELEASE. The overall goodness-of-fit 
chi-square (X') is comprised of three additive 
components: identifiable outliers, structural 
lack-of-fit, and lack of independence in capture 
histories (overdispersion). These three poten
tial components of lack-of-fit have differing 
effects on bias and precision of parameter 

estimates. 
Outliers and structurallack-of-fit can result 

in biased estimators of 'P and "RIS' but do not 
result in inflated variances of these estimators. 
Moreover, these components of lack-of-fit do 
not result in, and hence are not part of, overdis-

persion. In contrast, overdispersion does not 

cause bias in the estimates of <p, p, or ARTS' but 
it does result in estimated sampling variances 
that are too small. Thus, one needs an estimate 
of overdispersion (e) to adjust (inflate) the esti· 
mated theoretical sampling variances and 
adjust model selection to QAIC,. Estimates of 
overdispersion and the variance inflation fac
tor from program RELEASE in previous analy
ses of capture-recapture data from Spotted 
Owls were biased high (e.g., Franklin 
et a1. 2004, Anthony et al. 2006). As a result, 
sampling standard errors from those analyses 
were conservative in assessing the status of 
populations from the estimation of ARJS and 
corresponding 95% confidence intervals. We 
corrected for this overestimation of overdisper
sion in our analysis by using the median-c rou
tine in program MARK to estimate overdisper
sion in addition to using program RELEASE to 
estimate overall goodness-of-fit_ Estimates 
from the median- t routine of program MARK 
in our analyses ranged from c ~ 0.97 to 1.17 

compared to the range of estimates for overall 
goodness-uf-lil (X'/df) from program RELEASE 
(e ~ 0.86 to 3.02). Our results indicated that 
there was little overdispersion (lack of 
independence) in our capture-recapture data 
sets, and any overalllaclc-of-fit was due to out
liers caused by temporary emigration and per
haps some structurallack-of-fit. Consequently, 
inflation of our estimates of SE('P) and SE(A) 
was minimal, and the true precision of our 
estimates was higher than those in previous 
analyses given equal sample sizes (Franklin 
et a1. 2004, Anthony et al. 2006). Use of the 
median-e routine in program MARK to esti
mate overdispersion in our analyses was an 
important improvement over previous analy
ses. Estimates of goodness-of-fit from program 
RELEASE also indicated that our data fit the 
Cormack ... ) oily-Seber open population model 
well, so we did not expect unacceptable biases 
due to lack-of-fit of the data to the model. 

The covariates that we used to assess the 
effects of Barred Owls, habitat, weather, and 
climate on demographic parameters of Spotted 
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Owls were all study-area-specific variables, 
and in some cases they were not measured 
with the same degree of accuracy on all study 
areas. Use of area-specific covariates could 
explain why we sometimes found inconsistent 
or counterintuitive relationships between the 
covariates and demographic performance of 
Spotted Owls. Variable effort was a problem 
with the Barred Owl covariate because the 
amount of nocturnal survey varied among 
years and study areas, depending on whether it 
was a good nesting year for Spotted Owls. Sur
veyors sometimes did less night calling for 
Spotted Owls in good nesting years because 
many pairs of nesting Spotted Owls were easy 
to find by simply walking into their traditional 
nest areas and calling during the day. Variation 
in the amount of nocturnal calling surveys 
probably introduced methodological variation 
into the Barred Owl covariate, and lack of a 
species-specific survey for Barred Owls 
undoubtedly caused an underestimate of the 
number of Barred Owls present in aU years. A 
recent study in which observers conducted a 
species-specific survey of Barred Owls in a 
Spotted Owl study area resulted in a ~40% 
increase in the estimated number of territorial 
Barred Owls (Wiens et at. In press). An obvi
ous solution to our problems with the Barred 
Owl covariate is to do a better job of measuring 
and standardizing all covariates in the future. 
For Barred Owls, improved procedures would 
require initiating species-specific surveys in 
which Barred Owl surveys are conducted 
independently of Spotted Owl surveys. 

SUMMARY, CONCLUSIONS, AND 
RECOMMENDATIONS 

The primary objectives of our investigation 
were to determine if survival rates and popula
tions of Northern Spotted Owls were still 
declining, assess the influence of biological 
and meteorological covariates on demographic 
rates at the population scale, and provide esti
mates of recruitment rates. Our analyses indi
cated that fecundity and populations of 

Northern Spotted Owls have continued to 
decline in most parts of the range of the sub
species. Estimates of the annual rate of popula
tion change were <1.0 for all 11 study areas. 
Our finding that apparent survival rates were 
declining on 10 of the 11 study areas was of 
special concern because Spotted Owl popula
tions are most sensitive to changes in adult 
survival (Noon and Biles 1990). We had some 
success in relating demographic rates to repro
duction, weather, habitat, or Barred Owls on 
some study areas. In the analysis of fecundity, 
however, the amount of temporal variation 
explained by anyone of these covariates was 
small due to the large temporal variation in 
fecundity. Temporal variation was not as prob
lematic in the analyses of apparent survival 
and A, because these parameters had much 
less temporal variation than fecundity. For the 
firs t time, we provided estimates of recruit
ment rates into the territorial population, 
which indicated that low recruitment in con
junction with low survival resulted in popula
tion declines. We also found a negative rela
tionship between recruitment rates and the 
presence of Barred Owls and a positive rela
tionship between recruitment and the amount 
of suitable owl habitat in the study areas. 
Recruitment was higher on federal lands where 
the amount of suitable owl habitat was gener
ally highest. We concluded that there were sev· 
eral factors that contributed to declines in 
demographic rates of Northern Spotted Owls 
in any given year on any particular study area, 
and that these factors were spatially and tem
porally variable. Of these factors, the presence 
of Barred Owls appeared to be the strongest 
and most consistent factor. However, the repro
duction covariate, weather/climate covariates, 
and percent cover of suitable habitat were also 
associated with demographic parameters on 
some study areas. Declining rates of apparent 
survival were the most likely proximate cause 
of population declines, but the ultimate 
factor(s) responsible for the declines in sur
vival remained unclear and warrant further 
investigation_ In addition, recruitment of new 
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owls into the populations was often 1mv on 
some study areas in some years and contrib
uted to population declines. Future analyses 
should investigate the factors that affect sur
vival of juvenile owls and their recruitment 
into the territorial population. All of these 
demographic parameters and the covariates 
that may affect them interact in a complex way 
in influencing annual rates of population 
change of Northern Spotted Owls. Our overall 
assessment is that reproduction and recruit
ment have not been sufficient to balance losses 
due to mortality and emigration, so many of 
the populations on our study areas have 
declined over the last two decades. The contin
uing decline of the Northern Spotted Owl on 
federal lands could be at least partly due to lag 
effects from the extensive harvest of old forest 
that occurred prior to 1990. However, the lag
effect hypothesis was not supported by ongo
ing declines among owl populations in national 
parks, where there was no habitat loss due to 
harvest at any time in the years before or dur
ing our study. Thus, we do not think the lag
effect hypothesis has much explanatory power 
for the continuing declines of Northern Spotted 

Owls. 
Although the pattern was not consistent in 

all areas, there was strong evidence for a nega
tive effect of Barred Owls on fecundity or sur
vival of Spotted Owls in many of our study 
areas. This result was even more significant 
given that the actual effect of Barred Owls on 
fecundity of Spotted Owls was underestimated 
by our data. While our observational results do 
not demonstrate cause-effect relationships, 
they provide support for the hypothesis that 
the invasion of the range of the Spotted Owl by 
Barred Owls is at least partly the cause for the 
continued decline of Spotted Owls on federal 
lands. Our results also suggest that Barred Owl 
encroachment into western forests may make 
it difficult to insure the continued persistence 
of Northern Spotted Owls (see also Olson et al. 
2004). The fact that Barred Owls are increasing 
and becoming an escalating threat to the per
sistence of Spotted Owls does not diminish the 

importance of habitat conservation for Spotted 
Owls and their prey. In fact, the existence of a 
new and potential competitor like the Barred 
Owl makes the protection of habitat even more 
important, since any loss of habitat will likely 
increase competitive pressure and result in 
further reductions in Spotted Owl populations 
(Horn and MacArthur 1972, Olson et al. 2004, 
Carrete et al. 2005). Manipulative experiments 
could provide future insights, and some 
authorities have suggested that removal experi
ments should be conducted on one or more 
study areas to better document the potential 
effects of competition between Barred and 
Spotted Owls (Courtney et al. 2004, 
Buchanan et al. 2007, Johnson et al. 2008). 
If conducted, manipulative experiments will 
almost certainly shed new light on relation
ships between Barred Owls and Spotted Owls. 

The fact that the amount of spatial and proc
ess variation explained by all of the covariates 
in our analysis was small should not be inter
preted to mean that habitat and climate are not 
important for Spotted Owls. To the contrary, 
several lines of evidence in our study and in 
studies conducted by others (Franklin et al. 
2000, Olson et al. 2004, Dugger et al. 2005) show 
that habitat does influence demographic rates 
of Northern Spotted Owls. However, the poor 
performance of fixed effects models, which 
model temporal variation solely as a function of 
temporal covariates, should be discouraged in 
future analyses and replaced with improved 
random effects models that incorporate both 
environmental covariate(s) and temporal varia
tion. In addition, we suggest that researchers 
need to consider the use of other covariates in 
future analyses. For example, there is consider
able evidence that vital rates and population 
size of northern owls are strongly influenced by 
prey abundance (Korpimaki 1992, Rohner 1996, 
Hakkarainen et al. 1997). Unfortunately, we did 
not have long-term data on annual variation in 
prey abundance on any of our study areas, so 
we could not address the possible influence of 
trophic dynamics on owl demographic rates. 
We suggest, therefore, that studies of annual 
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variation in numbers of small mammals be 
implemented on one or more of the demo
graphic study areas in the future, so that the 
possible influence of prey abundance on owl 
demographic rates can be evaluated. 

So, what can we glean from our results that 
can be translated into management recom" 
mendations? Our results and those of others 
referenced above consistently identify loss of 
habitat and Barred Owls as important stressors 
on populations of Northern Spotted Owls. In 
view of the continued decline of Spotted Owls 
in most study areas, it would be wise to pre
serve as much high quality habitat in late
successional forests for Spotted Owls as possi
ble, distributed over as large an area as possible. 
This recommendation is comparable to one of 
the recovery goals' in the final recovery plan for 
the Northern Spotted Owl (USDI Fish and 
Wildlife Service 2008), but we believe that a 
more inclusive definition of high-quality habi
tat is needed than the rather vague definition 
provided in the 2008 recovery plan. Much of 
the habitat occupied by Northern Spotted Owls 
and their prey does not fit the cla~~ical defini
tion of "old-growth" as defined by Franklin <od 
Spies (1991), and a narrow definition of habitat 
based on the Franklin and Spies criteria would 

exclude many areas currently occupied by 
Northern Spotted Owls. Second, we believe 
more information on competitive interactions 
between Spotted Owls and Barred Owls is 
needed. A recent study by D. Wiens at Oregon 
State University (pers. comm.) will provide 
some of this information for western Oregon, 
but similar information is needed for other 
parts of the range of the Spotted Owl. In addi
tion, we support experimental removal of 
Barred Owls on at least one study area as a 
research project to test the hypothesis that 
competition is occurring between the two spe
cies. In theory, a Barred Owl removal experi
ment should result in competitive release of 
Spotted Owls, with subsequent increases in 
vital rates and density. Experimental removal 
of Barred Owls as part of a research program 
would also address one of the main recovery 
goals in the final recovery plan for Northern 
Spotted Owls (USDI Fish and Wildlife Service 
2008). Finally, it is important that monitoring 
of Northern Spotted Owls be continued on 
study areas throughout the range of the sub
species, so that population status can be 
assessed periodically for the purposes of recov
ery planning and monitoring the effectiveness 
of the Northwest Forest Plan. 
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Appendices 

APPEN DIX A 
Study areas included in the January 2009 analysis of demographic trends afNorthern Spotted Owls. 

Start A, Start Expansion latitude 
Study area yeara year yearb L~ndownerc Ecoregion ('N) 

Washington 
CLE 1989 1992 none Mixed Washington Mixed-conifer 46.996 

RAI 1992 1993 1998 Mixed Washington Douglas-fir 47.195 

OLY 1990 1990 1994 Federal Washington Douglas-fir 47.800 

Oregon 

COA 1990 1992 none Mixed Oregon Coastal Douglas-fir 44.381 

H)A 1988 1990 2000 Federal Oregon Cascades Douglas-fir 44.213 

TYE 1990 1990 none Mixed Oregon Coastal Douglas-fir 43.468 

KLA 1990 1990 1998 Mixed Oregon/California Mixed-conifer 42.736 

CAS 1991 1992 2001 Federal Oregon Cascades Douglas-fir 42.695 

California 

NWC 1985 1988 none Federal Oregon/California Mixed-conifer 40.848 

HUP 1992 1992 none Tribal Oregon/California Mixed-conifer 41.051 

CDR 1990 1990 1998 Private California Coast 41.122 

a The Start year column indicates the first year in which we calculated estimates of fecundity and survival. The A. Start year column 
indicates the first year in which we calculated estimates of A.. 
I> Indicates year that study area was expanded, if any. 

e Mixed = a mixhlre of Federal and private or state lands 
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APPEN DIX B 

Annual proportion of$potted Owl territories with Barred Owls detections (80 cOIJariate) 
on study areas in Washington, Oregon, and California. 
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APPENDIX C 

Habitat covariates used in analyses afNorthern Spotted Owl vital rates and population growth rates. 

Graph A illustrates the percent cover of suitable Spotted Owl habitat within 2.4 km of the annual activity centers 

of Spotted Owls used in meta-analyses offecundity and survival (covariate HAB!). Graph B illustrates the percent 
cover of suitable Spotted Owl habitat within 2.4 km of the annual activity centers of Spotted Owls that were included 

in the meta-analysis of Iv (HAB2). Graph C illustrates the percent cover of suitable Spotted Owl habitat within a 23-km 

radius ofthe annual activity centers of Spotted Owls that were included in the meta-analysis of A, minus the 

area in HAB2 (HAB3). Abrupt changes in some lines represent one-time study area expansions or reductions 

included in the meta-analysis ofA. 
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APPEN DIX D 
Reproducth'e covariate (number of youngfledgedjpairjyr) used to model survival, and rec~ptu~e 

probabilities of Northern Spotted Owls on 77 study areas in Washington, Oregon, and California. 
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APPENDIX E 
A priori models used in anafysis of recapture probabilities (p) of Northern Spotted Owls on 

71 demographic study areas in Washington, Oregon, and California. 

p(A + s*l) 

p(.) 

p(s) 

p(R) 

p(R + s) 
p(l) 

p(s -I- t) 

p(T) 

p(s + T) 

p(BO) 

p(s -I- BO) 

p(R -I- s + BO) 

p(choice) 

Description of p structure 

Additive age, sex, and time effects with interactions between sex and time 

Constant model (no effects) 

Sex effect 

Effect of annual reproduction in year t on p in year t 

Additive reproduction and sex effects 

Annual time effect 

Additive sex and time effects 

Linear time trend effect 

Additive sex and linear time trend effects 

Barred Owl effect 

Additive sex and Barred Owl effects 

Additive sex, Barred Owl, and reproduction effects 

Biologist's choice 

a Model notation indicates structure for effects of age (A), sex (s), reproduction (R), time (t), linear time (T), percent 
of Spotted Owl territories with Barred Owl detections (BO), and biologist's choice (choice). Biologist's choice models 
included study·area-specific effects such as changes in methodology or subdivisions of study areas based on forest 
type or ease of access. Additive and interactive effects are indicated by a + sign or asterisk, respectively. 



APPENDIX F 
A priori models usedfor analysis of apparent surviilal (j)) of Northern Spotted Owls on 

11 demographic study areas in Washington, Oregon, and California. 

Analyses used the best p structure from the initial analysis for each area. 

Model 

,p(.) 

'p[(SI~S2~A)+s] 

<p (SI,S2 ~ A) 

'p[(SI,S2~A)+s] 

'I'(SI ~ S2, A) 

<p[(SI~S2,A)+s] 

<p(SI, S2, A) 

<p[(SI, S2,A)+s] 

<p[(models 1-8) +t] 

<p[(models 1-8) + T] 

<p[(models 1-8) +TT] 

<pllmodels 1-8) + R] 

'I'[(models 1-8) + BO] 

<p[(models 1-8) + change-point] 

<p[(models 1-8) + cubic spline] 

Description of (p structure 

Constant survival, no age, sex, Of time effects 

Sex effect only 

Age effect (S2 ~ A. SI different) 

Age effect (S2 = A, S1 different), additive sex effect 

Age effect (SI ~ S2, A different) 

Age effect (S1 = 52, A different), additive sex effect 

Age effect (all classes different) 

Age effect (all classes different), additive sex effect 

Models from 1-8 above with additive time effect (t) 

Models from 1-8 above with additive linear time trend (Tl 

Models from 1-8 above with additive quadratic time trend (TT) 

Models from 1-8 above with additive effect of reproduction in year t on 

survival in year t + 1 (R) 

Models from 1-8 above with Barred Owl effect (BO) 

Models from 1-8 above with change-point at 2002 (CP)a 

Models from 1-8 above with cubic spline (spline)b 

a Change-point in 2004 using best model structure of (.), (T), or (TI). 

b Cubic spline with knot midway between start year and 2002 and second knot at 2002. 

APPENDIX G 
A priori models usedfor meta-analysis of apparent surlfiva/ (cp) and recapture probabilities (p) of adult Northern Spotted 

Owls on 11 demographic study areas in Washington, Oregon, and California. 

Model 

Global model 

1. <p (g"t*s) p(g*t*s) 

Recapture 

2. 'p(g*t + s) pig + I) 

3. 'I'(g*t + s) p(R)' 

4. <p (g*t + s) p(g + 
s + t) 

5. 'p (g*t + s) p(R + s) 

6. <p (g*1 + s) p[(g + 
t)*s] 

7. 'p(g,'t + s) p(R*s) 

8. <p (g"1 + s) p(BO) 

9. <p (g"t + s) p(BO + g) 

Survival 

10. <p (g + s) p(best) 

11. <p(g + s + t) p(best) 

12. 'I' (g"T + s) p(best) 

13. <p (g + s + T) p(best) 

14. <p(g*TT + s) p(best) 

15. 'I' (g + TT + s) 
p(best) 

16. <p (s + t ) p(best) 

17. <p(s + T) p(best) 

18. <p (s + TT) p(best) 

19. <p(s) p(best) 

20. <p (s + BO) p(best) 

21. <p(s + BO + g) p(best) 

Area effects (g) refer to study areas. 

Description of Model Structure 

Area, time, and sex with all interactions (global model) 

(p (Area, time, and sex with area and time interactions) p(additive area 
and time) 

<p (Area, time, and sex with area and time interactions) p(reproduction) 

<p (Area, time, and sex with area and time interactions) p(additive area, time, 
and sex) 

<p (Area, time, and sex with area and time interactions) p(additive reproduc
tion and sex) 

cp (Area, time, and sex with area and time interactions) p(additive area and 
time with differEnt sex effects) 

cp (Area, time, and sex with area and time interactions) p(interactive repro
duction and sex) 

cp (Area, time, and sex with area and time interactions) p(BO) 

cp (Area, time, and sex with area and time interactions) p(BO + area) 

<p (additive area and sex) p(best structure from 2-9 above) 

<p (additive area and sex and time) p(best structure from 2-9 above) 

<p (interactive area and linear time trend with additive sex effect) p(best struc
ture from 2-9 above) 

<p (additive area, sex, and linear time trend) p(best structure from 2-9 above) 

cp (interactive area and quadratic time trend with additive sex effect) p(best 
structure from 2-9 above) 

cp (additive area, quadratic time trend, and sex effect) p(best structure from 
2-9 above) 

cp (additive sex and time effects) p(best structure from 2-9 above) 

cp (additive sex and linear time trend effects) p(best structure from 2-9 above) 

cp (additive sex and quadratic time trend effects) p(best structure from 
2-9 above) 

<p (sex) p(best struc~ure from 2-9 above) 

<p (additive sex and BO effects) p(best structure from 2-9 above) 

<p (additive sex, BO effects, and area) p(best structure from 2-9 above) 

APPENDIX G (continued) 



Model 

22. <p (s + BO*g) p(best) 

23. <p (s + R) p(best) 

24. <p (s + R + g) p(best) 

25. <p (s + R*g) p(best) 

26. <pIs + BO + R) 
p(best) 

27. <p (s + BO + g + R) 
p(best) 

28. <p (s + BO*g"R) 
p(best) 

29. 'I' (ep) p(best) 

30. <p (spline) p(best) 

Study area surrogates 

31. <p (OWN) p(best) 

32. <p (ECO) p(best) 

33. <p (OWN*ECO) 
p(best) 

34. <p (LAT) p(best) 

Habitat 

35. <p(s+g+ [WA~ 
OR + CAl *HAB!) 
p(best) 

36. <pis + g HAB!) 
p(best) 

Climate 

37. <pis + g + SOl + 
PDO) p(best) 

38. <p[s + (g*SOI) + 
(g*PDO)1 p(best) 

39. 'I'(s + g + ENP) 
p(best) 

40. <p (s + g*ENP) 
p(best) 

41. <p(s+g+ENT) 
p(best) 

42. <p (s + g"ENT) 
p(best) 

APPENDIX G (CONTINUED) 

Description of Model Structure 

<p (interactive BO effects and area effects with additive sex effect) p(best 

struclure from 2-9 above) 

q> (additive sex and reproduction effects) p(best structure from 2-9 above) 

q>(additive sex, reproduction, and area effects) p(best structure from 2-9 above) 

q> (interactive reproduction and area effects with additive sex effect) p(best 
structure from 2-9 above) 

<p (additive sex, reproduction, and BO effects) p(bcst structure from 

2-9 above) 

<p (additive sex, BO, reproduction, and area effects) p(best struclure from 

2-9 above) 

<p (interactive 80, reproduction, and area effects with additive sex effect) 
p(best structure from 2-9 above) 

<p(change-point in 2004 using best of (.), (t) or (T) models) p(best structure 
from 2-9 above) 

<p (cubic spline with knot midway between start year and 2002 and second 
knot at 2002) p(best structure from 2-9 above) 

Replace area effect in lowest QAICc model from 9-29 with ownership effect 

Replace area effect in lowest QAICc model from 9-29 with ecoregion effect 

Replace area effect in lowest QAICc model from 9-29 with ownership and 
ecological region effects 'ivith inter.1ctions 

Replace area effect in lowest QAICc model from 9-29 with latitude effect 

Sex included only if important in 1-34. Additive effects of area and habitat in 
WA and OR with minimum QAICc model replacing habitat for CA. p(best 

structure from 2-9 above 

Sex included only if important in 1-34, Interaction between area and HAB1. 
p(best structure from 2-9 above) 

<p (additive sex, area, Southern Oscillation Index, and Pacific Decadal 

Oscillation. p(best structure from 2-9 above) 

<p (interaction betw"een area and Southern Oscillation Index and area and Pacific 

Decadal Oscillation, 'With additive sex effects) p(best structure from 2-9 above) 

<p (additive sex, area, and precipitation during early nesting season) p(best 
structure from 2-9 above) 

<p (interaction behveen area and precipitation during early nesting season 
with additive sex effect) p(best structure from 2-9 above) 

<p (additive sex, area, and temperature during early nesting season) p(best 

structure from 2-9 above) 

<p (interaction between area and temperature during early nesting season 

with additive sex effect) p(best structure from 2-9 above) 

APPENDIX G (continued) 

Model 

Habitat-climate interactions 

43. <p(besthabitat + 
best climate) 
p(best structure 
from 2-9 above) 

44. <p (best habitat*best 
climate) p(best 
structure from 2-9 
above) 

APPEN DIX G (CONTINUEO) 

Description of Model Structure 

cp (combine best habitat model from 35-36 with best climate model form 
37-42 in additive model) p(best structure from 2-9 above) 

<p (combine best habitat model from 35-36 with best climate model form 

37-42 in interactive model) p(best structure from 2-9 above) 

a When reproduction (R) appears as a covariate on recapture, i1. refers to the effect of reproduction in year t on recapture in year t. 
When R appears as a covariate on survival, it refers to the effect of reproduction in year t on survival in year t + 1. 

. J. 



APPENDIX H 
Models used in the meta-analysis of A of Northern Spotted Owls in Washington, Oregon, and California. 

Model form was the apparent survival and recruitment parameterization. Model notation for random effects (RE) 

models includes the general model on which the random effects model is based. The last six models at the bottom of 

the list were developed a posteriod after looking at the ranking of the a priori models. 

Model structurea 

,p(g*t) p(g*!)Jlg*!): RE 'I'(ECO)JlECO) 

'I' (g*!) pig"~!) Jlg*t): RE 'p (g + BO) JlBO) 

'I' (g"!) p(g*!) Jlg*!): RE 'I' (ECO) JlOWN + ECO) 

'I'(g*!) p(g*!) Jlg*t): RE 'I'(g + BO)Jlg + BO) 

'I'(g*!) p(g"!)Jlg*!): RE 'I'(g + BO)Jlg"BO) 

'p (g*!) pig"~!) Jlg"!): RE 'I' (g) Jlg) 

'I' (g"!) p(g*!) Jlg"!): RE 'I' (g) Jlg + TT] 

<p(g*!) p(g"!)Jlg*!): RE 'I'(g + PDSI)Jlg + ENP + ENT) 

'I' (g*t) p(g*!) Jlg*!): RE 'I' (g) Jlg + T) 

'I' (g*!) p(g*!) Jlg"!): RE 'p (g + PDSI) Jlg + LNP) 

'I' (g*!) p(g*!) Jlg*!): RE 'P (g + PDSI) Jlg + PDSI) 

'I'(g*!) p(g*!)Jlg*!): RE <p(g + PDSI)Jlg + SOl + PD~) 

'p (g*!) p(g*!) Jlg*!): RE 'I' (g) j(g''11 

'p (g*!) p(g*!) j(g*!): RE 'I' (g"T) j(g) 

'P (g"!) p(g*!) j(g + !) 
'I'(g*t) p(g*!)Jlg*!): RE 'I'(g + PDSI)Jlg*LNP) 

'I' (g*!) p(g*!) j(g*!): RE 'p (g + PDSI) j(g*PDSI) 

<p (g*!) p(g*!)Jlg"!): RE 'I' (g) j(g*TT) 

<p(g*!) p(g*!)j(g*!): RE <p (g + PDSI)j(g*ENP + g"ENT) 

'I'(g*!) p(g*!) Jlg*!): RE 'I'(g + PDSI)Jlg*SOI + g"PDO) 

,p(g*!) p(g"!)j(g*!): RE <p(g*HAB2)Jlg+HAB2 + HAB3) 

'I'(g*!) p(g*!)j(g"!): RE 'I'(g"HAB2)j(g*HAB3) 

<p (g"!) p(g*!) j(g*!): RE 'p (g) 

'I'(g*!) p(g*!)Jlg*!): RE 'I'(g*HAB2)Jlg*HAB2 + g*HAB3) 

<p (g"!) pig"!) fig"!): RE <p (g''TT) 

<p (g*!) p(g*!) j(g"!): RE <p (ECO) 

<p (g"!) p(g*!) j(g*!): RE <p (g + BO) 

'I'(g*!) p(g*!)Jlg"!): RE 'I'(g"HAB2)j(g + HAB2) 

'I' (g*!) pig"~!) j(g*!): RE <p (g + PDSI) 

'I' (g*!) p(g*!) j(g"!): RE <p (BO) 

<p (g"!) p(g*!) j(g*!): RE <p (OWN + ECO) 

'I'(g*!) p(g"!)j(g*!): RE 'I'(LAT) 

<p (g"!) p(g*!) j(g*!): RE <p (g + T) 

!p (g*!) p(g*!) j(g"!): RE !p (OWN) 

'p (g*!) pig"~!) j(g*!): RE <p (g*PDSI) 

APPENDIX H (continued) 

APPENDIX H (CONTINUED) 

Model structure;} 

<p (g"!) pig"~!) j(g*!): RE 'p (g+SOI + PD~) 

'P (g*!) pig"~!) j(g*!): RE 'p (g"T) 

'P (g*!) p(g*!) j(g"!): RE <p (g*BO) 

'P (g*!) p(g*!) j(g"!): RE !p (g + ENP + ENT) 

'p (g*!) p(g*!) j(g*t): RE <p (g"SOI + g*PDO) 

'p (g*!) p(g*!) j(g*t): RE <p (g*HAB2) 

<p (g*!) p(g*!) j(g*t): RE <p (g*ENP + g*ENT) 

<p(g*!) p(g*!)j(g*!): RE <p(g + HAB2) 

'I' (g"t) p(g*t) Jlg*t): RE 'I' (g + TT) 

<p (g"!) p(g*!) Jlg*!) 

<pig"~!) p(g*!) Jlg*!): RE 'P(ECO + BO)j(ECO) 

<p (g"!) p(g"!)Jlg*!): RE 'p(ECO + BO)j(ECO + BO) 

<p (g*!) p(g*!) Jlg*!): RE <p (ECO) JlECO*BO) 

'p (g*!) p(g*!) j(g*!): RE <p (ECO*BO) j(ECO*BO) 

'p (g*!) pig"~!) j(g*!): RE <p (ECO) j(ECO + BO) 

'I'(g*!) p(g"!)j(g*!): RE <p(ECO + BO)JlECO) 

"Model notation indicates structure for effects ofsrudy area (g), time (t), linear time trend (T), quadratic time trend (TI), ecoregion 
(EeO), proportion of territories with Barred Owl detections (BO), land ownershi.p (OWN), early nesting season precipitation (ENP), 
early nesting season temperature (ENT), Palmer Drought Severity Index (PDSI). late nesting season precipitation (LNP), Southern 
Oscillation Index (SOl). Pacific Decadal Oscillation (PDO), percent cover of suitable owl habitat within 2.4 km of owl activity centers 
used in A, analysis (HAB2), percent cover of suitable owl ha-Jitat within 23 km of owl activity centers used in A, analysis, minus the area 
ofHAB2 (HAB3). 

I[ 

I 
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Appendix A. Habitat capability index for Pacific Fisher (Martes pennanti) 
 

Developers: Brenda C. McComb, David Vesely 
 
Reviewers: Bill Zielinski, Keith Aubry 
 

Background 
 
In the western U.S., fishers are associated with mid or late-successional conifer forests often 
with a deciduous component (Buskirk and Zielinski 2003, Powell and Zielinski 1994, Zielinski 
et al. 2004). They are generalized predators (Powell and Zielinski 1994) that usually select 
hollow trees or snags as den sites (Lyon et al. 1995, Marshall 1992, Aubry and Raley 2002).  
 
Presently, fishers are rare in the Oregon Coast Range, probably only found in the southern extent 
of the region either as a result of a reintroduction effort or range expansion from California 
(Zielinski et al. 2004). This species may once have been more common across the region prior to 
trapping and settlement. We have elected to include the fisher in the Coast Range analysis 
because of the potential for the species to reoccupy former portions of the Coast Range should 
suitable habitat become available and if any future harvest does not limit viability of the species 
(Marshall 1992). Although Buskirk and Zielinski (2003) provided a recent comprehensive 
overview of habitat use by fishers in western forests, we are not aware of any scientific study of 
habitat associations from the Oregon Coast Range physiographic province. Therefore this habitat 
model based on general relationships described by Buskirk and Zielinski (2003) and recent work 
in California and in the Rogue River National Forest of Oregon (Zielinski et al. 2004, Aubry and 
Raley 2002).  
 

Habitat use information 
 
Natal den sites and resting sites tend to be in large (> 100cm dbh) hollow trees and snags 
(Zielinski et al. 2004, Aubry and Raley 2002). They seem to require multiple resting sites 
distributed throughout their home range (Zielinski et al. 2004).  
 
The primary foods of fishers are snowshoe hares (Lepus americanus), porcupines (Erethizon 
dorsatum), mice, voles, and carrion (Jones 1991, Powell 1977). Fishers forage in a variety of 
vegetation types, and seem to select areas with 60-100% canopy cover (Powell and Zielinski 
1994, Zielinski et al. 2004).  
 
Fishers are associated with large blocks of mid- and late-successional conifer and mixed conifer-
hardwood forests (Jones 1991, Jones and Garton 1994, Carroll et al. 1999). They usually select 
stands with dense canopy closure, vegetation structure characterized by fine-scale heterogeneity, 
abundant amounts of woody detritus (Powell and Zielinski 1994), and avoid forest openings 
(Buskirk and Ruggiero 1994, Jones 1991, Jones and Garton 1994). In western Oregon, fishers 
are most often associated with mid- to low-elevation Douglas-fir (Pseudotsuga menziesii) and 
western hemlock (Tsuga heterophylla) forests (Powell and Zielinski 1994). However, on the east 
side of the Cascades, fishers occur in high-elevation, true fir (Abies spp.) forests (Powell and 
Zielinski 1994).  
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The average home range size of male fishers is 4,000 ha, nearly three times the size of female 
home ranges (Powell and Zielinski 1994). Powell and Zielinski (1994) reported the average 
home range for female fishers is 15 km2 ; range 4.2-32 km2 ; n = 12 studies). Zielinski et al. 
(2004) reported female home range sizes of 1500 ha in Coastal California, and Aubry and Raley 
(2002) reported that female home ranges averaged 25 km2 in the Cascades of Oregon. Studies of 
fishers over large landscapes have not been conducted (Lyon et al. 1994) although the 
relationship between fisher occurrence and forest fragmentation, patch size, or other 
measurements of forest landscapes have been hypothesized for the Klamath region of California 
by Carroll et al. (1999) to predict distribution.  
 

Habitat capability index 
 
The virtual extirpation of fishers in the Oregon Coast Range increases the uncertainty about 
precise habitat requirements for fishers in this Province.  However, using information about 
fishers from other regions, large blocks of mid- and late-seral forest seems to be critical to their 
persistence.  Within those large blocks of forest, large hollow trees and snags are needed for dens 
and a closed canopy may also increase foraging habitat quality.  Fishers seem to avoid clearcuts 
and open areas (Buskirk and Zielinski 2003). Based on work from Coastal California by 
Zielinski et al. (2004): 

• An average of 14 resting sites per female fisher were detected; these were distributed 
throughout the females’ home ranges. 

• Resting sites in California and natal den sites in Oregon were in live trees and snags > 
100 cm dbh with natal sites in hollow trees. 

• Female home ranges average 15-25 km2 in size 
• Approximately 60% of the home range is in mid to late seral forest (Figure A1).  

Hence,  
 

HCIi = Minimum (DENi , FSIf)       (A.1) 
 

Where 
HCIi = Habitat capability index 
DEN = Den site index 
LCI = Landscape capability index 
i = pixel 
 
 

Den site index 
 

DENi = (S1i * S2i )1/2          (A.2) 

 
Where  

DEN = A den site subindex that is calculated for each 4- x 4-pixel window 
(1 ha) and assessed over a 2.2-km radius window because den and resting 
sites must be well distributed across a home range. 

 S1 = index to snags > 100 cm dbh 
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 S2 = index to trees > 100 cm in dbh 
i = pixel 

 
IF S100Ti ≥100 THEN S1i = 1.0, ELSE S1i = S100Ti *0.01    (A.3) 

 
 where 

S100T  = number of 4- x 4-pixel windows within a 2.2-km radius area 
with > 2 snags > 100-cm dbh and > 5-m in height / ha 

 
IF T100 i ≥ 100 THEN S2i =1.0 ELSE S2i =T100 i *0.01    (A.4) 

 
where 

T100 = number of 4- x 4-pixel windows within a 2.2-km radius with > 30 
trees per hectare > 100 cm dbh. E chose a threshold of 30 trees per hectare 
of this size based on the distribution of densities of this size trees in 
unmanaged old forests in the Coast Range (T.A. Spies).  

 
Landscape capability index 

 
Mid and late-seral forest is defined as areas where canopy cover is > 60% and the quadratic 
mean diameter of all trees is > 25 cm dbh based on field data interpretation by Dr. T.A. Spies. 
 

If mid and late-seral forest is > 60% of a 2.2 km radius analytical window THEN L2 i 
=1.0  

 
ELSE If cover of a 2.2-km radius window by mid seral and late seral forest < 30% then 
L2 i = 0 

 
ELSE if cover of a 2.2-km radius window by mid seral and late seral forest is 30-60% 
then L2i = (% mid and late-seral forest – 30) *0.0333    (A.5) 
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Fig. A1. Relationship between index score and percent mid and late-seral forest within a 
2.2-km radius analytical window. 

 
 
where  

LCIf = L2i averaged within a 2.2-km radius analytical window 
i = pixel        (A.6) 
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ATTACHMENT A 



Testimony of Deputy Director Duane Shintaku1 

Board of Forestry and Fire Protection, March 6, 2013 

Portions quoted in letter underlined. 

In response to what sounded like a comment from the board, Deputy Director Duane 

Shintaku: 

"[F]rankly, the Department recognizes that frankly Ken knows we have been working 

with him prior to retirement in the Service and we have recognized the problems with 
option-g for quite some time and even before we were handed the full brunt of the 

responsibility back in 2008 we had heard from the service that option-g was really not 
adequate. So where did that leave the Department?...there were really just two 
options....We were really just relying on option-e, the other option that allowed people to 

avoid take through an HCP and the third was option-g so for quite some time the boards 
rules with respect 919 and NSP have been outdated, and if you think about it they have 

been around for 20 years and its no big mystery that the science has informed what owls 
need across the landscape.... so first of all CAL FIRE agrees with EPIC in terms of the 
obsolete nature of option-(g).... so really where we are today is what we are call g+.... 

what that means is we recognize g is not going to get it done, but the rules specifically 
say an RPF only has the choices (a)–(g) in order to address a spotted owl in a THP, so 

because the RPF has to say I am using option-(g)—coupled with the fact that we know 
option-g is obsolete—that forces the Department into what I would consider a full-blown 
CEQA analysis. We have to make sure that significant impacts, cumulative impacts and 

take are all addressed in the plan, and we just use the g vehicle to get that done. What 
does that mean? It means that most of the plans... in which the RPF says I am using 
option-g, do not rely on the minimums in the rule today. What that generally means is 

that they look at the most recent Fish and Wildlife Service guidance and take that high 
quality nesting/roosting/foraging and the parameters, distances, operating periods 

incorporated into the plan .... if the only remaining option is option-e.... that creates a 
huge problem for the plan preparing RPF as well as the Department.”  

 

 

                                                 
1
 Audio available at https://soundcloud.com/thomas -wheeler-14/nso-hearing-february-2013-small 
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Abstract
Raphael, Martin G.; Falxa, Gary A.; Dugger, Katie M.; Galleher, Beth M.; Lynch, 

Deanna; Miller, Sherri L.; Nelson, S. Kim; Young, Richard D. 2011. Northwest 
Forest Plan—the first 15 years (1994–2008): status and trend of nesting habitat for the 
marbled murrelet. Gen. Tech. Rep. PNW-GTR-848. Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific Northwest Research Station. 52 p.

The primary objectives of the effectiveness monitoring plan for the marbled murrelet 
(Brachyramphus marmoratus) include mapping baseline nesting habitat (at the start of the 
Northwest Forest Plan [the Plan]) and estimating changes in that habitat over time. Using 
vegetation data derived from satellite imagery, we modeled habitat suitability by using a 
maximum entropy model. We used Maxent software to compute habitat suitability scores 
from vegetation and physiographic attributes based on comparisons of conditions at 342 
sites that were occupied by marbled murrelets (equal numbers of confirmed nest sites and 
likely nest sites) and average conditions over all forested lands in which the murrelets 
occurred. We estimated 3.8 million acres of higher suitability nesting habitat over all 
lands in the murrelet’s range in Washington, Oregon, and California at the start of the Plan 
(1994/96). Most (89 percent) baseline habitat on federally administered lands occurred 
within reserved-land allocations. A substantial amount (36 percent) of baseline habitat 
occurred on nonfederal lands. Over all lands, we observed a net loss of about 7 percent of 
higher suitability potential nesting habitat from the baseline period to 2006/07. If we focus 
on losses and ignore gains, we estimate a loss of about 13 percent of the higher suitability 
habitat present at baseline, over this same period. Fire has been the major cause of loss 
of nesting habitat on federal lands since the Plan was implemented; timber harvest is the 
primary cause of loss on nonfederal lands. We also found that murrelet population size is 
strongly and positively correlated with amount of nesting habitat, suggesting that conserva-
tion of remaining nesting habitat and restoration of currently unsuitable habitat is key to 
murrelet recovery.

Keywords: Marbled murrelet, monitoring, population, trends, nesting habitat, habitat 
modeling, Northwest Forest Plan.
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Preface
This is the second in the series of monitoring reports from the Marbled Murrelet Effective-
ness Monitoring module under the Northwest Forest Plan (the Plan). This report focuses on 
monitoring results on the status and trend for marbled murrelet (Brachyramphus marmo-
ratus) nesting habitat through the first 15 years of the Plan (1994–2008), and a companion 
report focuses on results from murrelet population monitoring during this period.

In the 1980s, public controversy intensified in the Pacific Northwest over timber 
harvest in old-growth forests, declining species populations (i.e., spotted owls, marbled 
murrelets, Pacific salmon), and the role of federal forests in regional and local economies. 
The northern spotted owl (Strix occidentalis caurina) was listed as a threatened species 
in 1990, and lawsuits over federal timber sales and injunctions on timber harvests within 
the range of the owl followed shortly thereafter. This turmoil over forest management in 
the region led to a Presidential conference in Portland, Oregon, to address the human and 
environmental needs served by federal forest lands of the Pacific Northwest, including 
northern California. In 1993, President Clinton announced his proposed “Forest Plan for 
a Sustainable Economy and a Sustainable Environment” (Northwest Forest Plan). Over 
the next year, environmental analysis was completed and a Northwest Forest Plan record 
of decision (ROD)1 was signed in 1994, legally adopting new management direction. The 
ROD amended existing management plans for 19 national forests and 7 Bureau of Land 
Management districts in California, Oregon, and Washington (24 million acres of federal 
land within the 57-million-acre range of the northern spotted owl).

The Plan provides a framework for an ecosystem approach to the management of 
those 24 million acres of federal lands2 (see footnote 1). It established the overarching 
conservation goals of (1) protecting and enhancing habitat for species associated with 
late-successional and old-growth forests, (2) restoring and maintaining the ecological 
integrity of watersheds and aquatic ecosystems, and (3) providing a predictable level of 
timber sales and other services, as well as maintaining the stability of rural communities 
and economies.

1 U.S. Department of Agriculture, Forest Service; U.S. Department of the Interior, Bureau of Land 
Management [USDA and USDI]. 1994. Record of decision for amendments to Forest Service and Bureau 
of Land Management planning documents within the range of the northern spotted owl. [Place of publica-
tion unknown]. 74 p. [plus attachment A: standards and guidelines].

2 U.S. Department of Agriculture, Forest Service; U.S. Department of the Interior, Bureau of Land Management 
[USDA and USDI]. 1994. Final supplemental environmental impact statement on management of habitat for late-
successional and old-growth forest related species within the range of the northern spotted owl (Northwest Forest 
Plan). Portland, OR. 2 vol.
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The Plan relies on monitoring programs to detect changes in ecological and social 
systems relevant to success in meeting conservation objectives, and on adaptive manage-
ment processes that evaluate and use monitoring information to adjust conservation and 
management practices.3 To this end, an interagency effectiveness monitoring framework 
was implemented to meet requirements for tracking status and trend for watershed condi-
tion, late-successional and old-growth forests, social and economic conditions, tribal 
relationships, and population and habitat for marbled murrelets and northern spotted 
owls. Monitoring results are evaluated and reported in 1- and 5-year intervals. Monitoring 
results for the first 10 years are documented in a series of general technical reports posted 
at http://www.fs.fed.us/pnw/publications/gtrs.shtml.

3 Mulder, B.S.; Noon, B.R.; Spies, T.A.; Raphael, M.G.; Palmer, C.J.; Olsen, A.R.; Reeves, G.H.; Welsh, 
H.H., tech. coords. 1999. The strategy and design of the effectiveness monitoring program for the North-
west Forest Plan. Gen. Tech. Rep. PNW-GTR-437. Portland, OR: U.S. Department of Agriculture, Forest 
Service, Pacific Northwest Research Station. 138 p.
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Northwest Forest Plan—the First 15 Years (1994–2008): Status and Trend of Nesting Habitat for the Marbled Murrelet

Introduction
Although the marbled murrelet (Brachyramphus marmo-
ratus) is a seabird that spends most of its time foraging in 
coastal waters, it was selected for monitoring because it is 
associated with late-successional and old-growth forests 
for nesting and because conservation of the murrelet was 
an explicate objective of the Northwest Forest Plan (the 
Plan) (FEMAT 1993). The murrelet nests mostly on large 
branches or other suitable platforms in large trees (Hamer 
and Nelson 1995, Nelson 1997, Ralph et al. 1995). The con-
servation of nesting habitat is central to murrelet recovery 
(USFWS 1997). Owing mostly to timber harvest, only a 
small percentage (5 to 20 percent) of original old-growth 
forests remain in Washington, Oregon, and California 
(Morrison 1988; Norheim 1996, 1997; USFWS 1997), and 
mostly in relatively small, fragmented patches or in forest 
parks and reserves.

Marbled murrelet effectiveness monitoring assesses 
status and trends in marbled murrelet populations and 
nesting habitat to answer the questions: Are marbled 
murrelet populations associated with the Plan area stable, 
increasing, or decreasing? Is the Plan maintaining and 
restoring marbled murrelet nesting habitat? To address 
these questions, the Plan’s marbled murrelet monitoring 
has two components: population and habitat (Madsen et al. 
1999). For habitat monitoring, the approach is to establish 
a baseline level of nesting habitat by first modeling habitat 
relationships, and then comparing habitat changes to the 
baseline (Huff et al. 2006a, Raphael et al. 2006). Population 
size and trends are monitored by using a unified sampling 
design and standardized survey methods (Miller et al. 2006, 
Raphael et al. 2007). Thus, trends in both murrelet nesting 
habitat and populations are tracked over time. The ultimate 
goal is to relate population trends to nesting habitat condi-
tions (Madsen et al. 1999).

The first monitoring report for murrelets (Huff et 
al. 2006a) introduced the monitoring program, reviewed 
marbled murrelet biology, and presented results from 
monitoring of murrelet populations during the first 10 
years of the Plan by using multiple modeling approaches to 
develop baseline estimates of the amount and distribution 

of marbled murrelet potential nesting habitat. That report is 
posted at http://www.fs.fed.us/pnw/pubs/pnw_gtr650.pdf.

This publication builds on the 10-year report, focus-
ing on results of a new approach for estimating baseline 
potential nesting habitat, and on changes to date from that 
baseline. As in the 10-year report, we use a habitat suitabil-
ity modeling approach to estimate the amount and spatial 
distribution of potential nesting habitat. Inputs to the models 
again include spatial data on a suite of habitat characteris-
tics hypothesized to affect murrelet nesting habitat suit-
ability and location data for sites used by nesting murrelets. 
New in this analysis are habitat modeling tools (maximum 
entropy modeling), spatial data on habitat attributes at the 
start and end of the period (using gradient nearest neighbor 
[GNN] methods), spatial data on vegetation disturbances 
and causes during the period (using Landsat-based detec-
tion of Trends in Disturbance and Recovery methods 
[LandTrendr]), and an expanded set of murrelet nest sites. 
The baseline (1994/96) level for marbled murrelet potential 
nesting habitat that is established in this report, using these 
improved data and technologies, replaces the baseline esti- 
mates in the 10-year report (Huff et al. 2006b, Raphael et al. 
2006).

Methods
Analytical Methods
To model relative suitability of marbled murrelet nesting 
habitat, we used recently developed habitat suitability mod-
eling software called Maxent1 (Phillips et al. 2006, Phillips 
and Dudík 2008). Maxent uses a machine learning process 
to estimate the most uniform probability of occurrence at 
unobserved locations (maximum entropy) given known 
constraints (observations of presence data). In other words, 
it estimates probabilities of occurrence at unobserved 
locations by using information at the observed locations and 
assuming as little as possible about background sites for 
which there is not information (Baldwin 2009). It uses 

1 The use of trade or firm names in this publication is for reader 
information and does not imply endorsement by the U.S. Depart-
ment of Agriculture of any product or service.



2

GENERAL TECHNICAL REPORT PNW-GTR-848

species presence-only data, similar to Biomapper software 
(Hirzel et al. 2002), which is based on Ecological Niche 
Factor Analysis, and which was used to develop the 10-year 
monitoring habitat maps (Raphael et al. 2006).

Along with the northern spotted owl (Strix occidentalis 
caurina) habitat monitoring group (Davis and Dugger, in 
press), we tested several habitat modeling methods by using 
available data such as regionwide location data of red tree 
voles (Arborimus longicaudus). The methods we tested 
included Biomapper (Hirzel et al. 2002), Maxent (Phillips 
et al. 2006), Mahalonobis distance (Jenness 2003), and 
a Resource Selection Probability Function (Manly et al. 
2002). We also compared model results from Biomapper 
and Maxent by using “virtual species” data sets provided by 
A. Hirzel (the developer of Biomapper) with known species 
occurrence and distributions. In addition, we replicated 
the analysis from our earlier report (Raphael et al. 2006) 
with Biomapper, a resource selection probability function 
(RSPF), and with Maxent, by using the same covariates 
and marbled murrelet locations and study area boundaries. 
One example of the results of these tests is illustrated in 
figure 1. Here we portray the area under a receiver-operator 
characteristic (ROC) curve resulting from each model, 
denoted as AUC on the y-axis. A larger value indicates a 
better model, and the AUC from Maxent exceeded that of 
the other approaches with this test data set. We found that as 
long as species occurrence data were fairly well distributed 
within the modeled region, Maxent outperformed the other 
methods.

Comparisons between Maxent and a number of 
the newer habitat modeling approaches are available in the 
literature, and, in most cases, Maxent performed as well or 
better than other methods (Elith et al. 2006, Hernandez et 
al. 2006, Phillips et al. 2006). In addition to the advantage 
of only requiring presence-only data (Raphael et al. 2006), 
Maxent includes a user-friendly interface, is able to run 
replicated models for testing purposes, provides informa-
tion on the importance of the environmental covariates 
used in modeling, and, unlike other modeling platforms, 
is easily able to “project” or extrapolate the trained model 
results to another area or to the same area during a different 
timeframe (e.g., model results from analysis of 1994/96 

environmental data projected to 2006/07 environmental 
data). After consideration of Maxent’s advantages, we 
selected it as the habitat modeling tool for this reporting 
cycle.

Study Area
Our target area was all habitat-capable land, including 
both federally administered and nonfederal lands, within 
the range of the murrelet in Washington, Oregon, and  
California, except for the area south of San Francisco, which 
is outside the Plan area. We defined “habitat-capable” as 
those lands capable of supporting forest structure with the 
potential to provide murrelet nesting habitat. In Oregon and 
California, we limited our habitat modeling to the Plan mur-
relet Zone 1 (fig. 2), which, as described later, includes those 
areas nearer the coast where all known murrelet nests and 

Figure 1—Receiver-operator characteristic (ROC) curves compar-
ing performance of Biomapper, Resource Selection Probability 
Function (RSPF), and Maxent models based on the same sets of 
species locations and environmental data. Sensitivity is the prob-
ability that a true presence will be correctly classified as present 
(should be high for a good model) and specificity is the probability 
that a true absence (or pseudo-absence in the case of presence-
only models) will be correctly classified as absent or unsuitable; 
1 minus specificity (horizontal axis) is the probability of a true 
absence being misclassified (low values indicate a better model). 
A greater value for the area under the ROC curve (AUC) indicates 
a better model with greater predictive power in separating suitable 
from unsuitable sites. For the Maxent curve, AUC = 0.904; for 
RSPF, AUC = 0.851; for Biomapper, AUC = 0.805.
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Figure 2—Locations of marbled murrelet nest sites (including downy young and egg shells) and occupied sites used as 
training data for building habitat suitability models by using Maxent software. See “Murrelet Locations” for definitions 
of nest sites and occupied sites.
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nearly all murrelet detections are located. In Washington, 
where there is evidence of more extensive murrelet use of 
this area farther from the coast, the analysis area included 
the Plan murrelet Zone 2.

Areas we excluded were those not habitat-capable, 
including lands above tree line; permanently nonforested 
lands; water bodies; developed areas such as towns, cities, 
and intensive agriculture; and other such lands. These 
excluded lands were based on land class data from the U.S. 
Geological Society (USGS) Gap Analysis Program (GAP; 
available at http://gapanalysis.nbii.gov/) and the National 
Land Cover Database (NLCD) (Vogelmann et al. 2001).  
The GAP data represent the distribution of ecological sys- 
tems and land cover classes at a 1-ha (2.47-ac) resolution 
(Comer et al. 2003). We used the NLCD “impervious” data 
to exclude developed open space and GAP data to identify 
and exclude subalpine and steppe areas. Isolated fragments 
of less than two-thirds acre were dissolved to match the 
habitat-capable state of the surrounding area.

Land Use Allocations
The Plan created a number of land use allocation (LUA) 
classes on federal lands in the Plan area, which are broadly 
categorized as reserved and nonreserved lands (Huff et 
al. 2006a). We summarized data into federal–reserved, 
federal nonreserved, and nonfederal land use allocations. 
An updated map of the Plan’s LUAs was produced in 2002 
for the 10-year monitoring report (Huff et al. 2006a). It 
replaced the original 1994 version, which was mapped with 
older geographic information systems (GIS) technology 
(USDA and USDI 1994a, 1994b). This first update improved 
some allocation boundaries based on subsequent work by 
individual national forests and corrected some mapping 
inconsistencies, but more importantly, it incorporated 
allocation changes that occurred between 1994 and 2002. 
This map was considered an improvement from the earlier 
version; however, some limitations remained, including 
the inability to map riparian reserves (which can cover 
significant amounts of land where stream densities are high) 
and inconsistencies in how administratively withdrawn 
areas (e.g., those areas withdrawn from the lands available 
for timber harvest at the discretion of individual national 
forests) were mapped (Davis and Lint 2005, Huff et al. 

2006a). Errors that remained after the 2002 update included 
the misidentification of a state-owned park in the redwood 
region of California as federally owned National Park Ser-
vice land and inaccurate or missing boundaries of national 
wildlife refuges, mainly in Washington and Oregon. Other 
minor GIS mapping issues included edge matching incon-
sistencies that caused “sliver gaps” (a narrow gap between 
two adjacent LUAs inadvertently created as a result of 
merging digital layers from different sources) and inconsis-
tent attribution of large water bodies.

A second update of LUAs done in 2009 is used for 
this 15-year report, with a revised distribution of reserved 
and nonreserved allocations (fig. 3). This new version 
incorporates major LUA changes that occurred between 
2002 and 2009, corrects the known errors identified above 
in the version used for the 10-year report, and also corrects 
the majority of map registration errors that result in gaps or 
“slivers” (fig. 4). Minor issues with inconsistent mapping 
of administratively withdrawn areas remain, and a small 
amount of federally owned lands are awaiting official LUA 
designations. These areas, which represent approximately 
0.1 percent of the total area modeled, are identified as 
“not designated” in the 2009 map and are reported in the 
nonreserved category in this report. Riparian reserves still 
remain unmapped because, as Moeur et al. (2005) noted, 
“…at the Plan scale, they cannot be reliably distinguished 
from matrix because of a lack of consistency in defining 
intermittent stream corridors and varying definitions for 
riparian buffers.”

The Plan allowed for land exchanges involving late-
successional reserves (LSR) if they provide benefits equal 
to or better than current conditions; such as to improve area, 
distribution, and connectivity of the LSR system (USDA 
and USDI 1994a, 1994b). Compared to the 2002 map, the 
2009 LUA map showed a net increase of about 90,000 acres 
of “Congressionally-reserved” lands within our murrelet 
analysis area that can be attributed to conversion from one 
of the other “federal reserved” allocations. These gains do 
not affect our analysis area because they were from one 
“federal reserve” allocation class to another, and our analy-
ses treated all federal reserved lands as a whole. However, 
the total amount of federal reserved lands also increased 
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Figure 3—Locations of Northwest Forest Plan reserved and nonreserved land use allocations on federal lands within 
the range of the marbled murrelet (2009). Reserves include congressionally reserved lands (National Parks and wilder-
ness), late-successional reserves, and other lands withdrawn from timber harvest. Nonfederal lands are depicted in gray.  
Plan murrelet zones are denoted as Zone 1 closer to the west coast and Zone 2 farther away from the coast.
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Figure 4—Changes in Northwest Forest Plan land use allocation designations on federal lands within the range of the 
marbled murrelet (2002 to 2009). Plan murrelet zones are denoted as Zone 1 closer to the west coast and Zone 2 farther 
away from the coast.
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since 2002, and we noted within our murrelet analysis area 
a net increase of about 27,000 acres of federal lands, includ-
ing about 19,000 acres in reserved allocations, and 8,000 
acres in nonreserved allocations (fig. 4).

Given the most recent information, the latest changes 
in reserved allocations have resulted in a slightly increased 
area and improvement of the distribution and connectivity 
of the reserved allocation system.

Data Sources for Covariates

Forest composition and structure covariates— 
As part of the Plan effectiveness monitoring program, 
scientists mapped detailed attributes of forest composition 
and structure for all forested land in the Plan area by using 
GNN imputation (Ohmann et al. 2010); the GNN method 
integrates vegetation measurements from regional grids of 
field plots, mapped environmental data, and Landsat im-
agery to ascribe detailed ground attributes of vegetation to 
each pixel in a digital landscape map (Ohmann and Gregory 
2002). The GNN analyses created maps for two time pe-
riods: a baseline year (1996 for Washington and Oregon, 
1994 for California), and a year representing the end of the 
analysis period (2006 for Washington and Oregon, 2007 for 
California). The resulting GNN vegetation attribute data 
provided the core source of covariates (table 1) used for 
habitat modeling and mapping, and cover the entire breadth 
of the murrelet’s nesting range from Washington to north-
ern California for two distinct points in time. We call these 
two time periods “bookends” because the changes in habitat 
that we analyzed and report on occurred between these two 
endpoints. The satellite imagery from which GNN was cre-
ated was from 1994 and 2007 in California and 1996 and 
2006 in Oregon and Washington. The on-the-ground plot 
data used by GNN to create the vegetation maps cover the 
period from 1991 to 2000 for the baseline period, and 2001 
to 2008 for the ending time period. The GNN products pro-
vided a resolution of 30-m (98-ft) pixels. The GNN covari-
ates used in our models included CANCOV_CON (conifer 
canopy cover), CANCOV_HDW (hardwood canopy cover), 
diameter diversity index (DDI), MNDBHBA_CON (basal-
area weighted mean diameter of conifers), VEGCLASS (a 
categorical covariate describing structural classes ranging 

from early seral to old forest), and QMDC_DOM (quadratic 
mean diameter of dominant trees). The GNN attributes also 
contributed to other covariates, as described below.

Platforms covariate— 
Murrelets most often nest on larger limbs of coniferous 
trees. This type of nest location is termed a “platform” and 
counts of platforms are very often good predictors of suit-
able murrelet nesting habitat (Burger 2002, Burger et al. 
2010, Nelson 1997). The PLATFORMS covariate was com-
puted from the GNN data and data from previous studies 
(Raphael, n.d.) in which numbers of platforms were counted 
on a very large sample of trees—by tree species and diam-
eter class—from plots scattered throughout the murrelet 
range. We computed mean numbers of platforms by tree 
species and diameter at breast height (DBH) class, and then 
applied these means to tree counts from the GNN data. The 
mean number of platforms for each species and DBH group 
(table 2) was multiplied by the associated GNN attribute 
data on conifer trees per hectare (e.g., TPH_PSME_50_75 
for density of Douglas-fir trees in the 50 to 75 cm [19.7 to 
29.5 in] DBH class) to estimate total platforms in each 
pixel. Because PLATFORMS was highly correlated 
with MNDBHBA_CON in California, we dropped 
PLATFORMS from the California model, and retained 
MNDBHBA_CON in that state.

Climate covariates— 
Climate covariates were derived from PRISM data (Daly 
et al. 2008), plus a FOG covariate. PRISM-derived covari-
ates (table 1) included JULY_MAXT (mean maximum 
temperature for July), and SMR_PRECIP (mean precipita-
tion for May to September period). These covariates, which 
were used only in Calfornia, were included to represent 
summer climate regime, including temperature and heat 
stress, which may affect the thermal regime at poten-
tial murrelet nest sites, as well as forest composition and 
structure, including epiphyte growth. For example, some 
have hypothesized that nesting murrelets may select areas 
with lower heat stress (McShane et al. 2004, Meyer and 
Miller 2002). We did not include the PRISM covariates in 
the final Oregon and Washington models because during 
initial Maxent model testing they contributed little to model 
performance.
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Table 1—Covariates used as input to Maxenta

Abbreviation Description Unit Source

PLATFORMS Platforms per acre derived from data from Number per Derived from 
 GNN (gradient nearest neighbor) on TPH acre GNN 
 (trees per hectare) by species and DBH 
 (diameter at breast height). See table 2.

CANCOV_CON Canopy cover of all conifers. Percentage GNN

CANCOV_HDW Canopy cover of all hardwoods. Percentage GNN

DDI Diameter diversity index: measure of No units GNN 
 structural diversity of a forest stand 
 based on tree densities in different 
 DBH classes (5–24cm [2–9 in], 
 25–49 cm [10–19 in], 50–99 cm 
 [20–39 in], and ≥100 cm [40 in]).  
 See McComb et al. 2002 for details.

MNDBHBA_CON Basal-area weighted mean diameter of Inches GNN 
 all live conifers.

MULTISTORY_50 Percentage of 50-ha (124-ac) circular area Percentage Derived from 
 classified as GNN IMAP_LAYERS (number  GNN 
 of tree canopy layers present) equal 3.

PCTMATURE_50 Percentage of 50-ha (124-ac) circular Percentage Derived from 
 area classified as GNN VEGCLASS  GNN 
 10 (large conifer, moderate to closed 
 canopy) or 11 (giant conifer, moderate 
 to closed canopy).

JULY_MAXT Mean July maximum temperature. Degrees PRISM 
  Fahrenheit

SMR_PRECIP Mean precipitation from May to September. Inches PRISM

FOG The average value of effective Scaled to  Henderson 
 precipitation from fog drip and 1 unit =  et al., in press 
 low clouds. 20 inches

SLOPE_PCT Slope. Percentage USGS NED 30-m DEM

BRIGHTNESS Tasseled cap transformation of Index LandTrendr 
 Landsat thematic mapper (TM) 
 data measuring overall reflectance. 
 Generally differentiates dry from 
 wet soils.

GREENNESS Tasseled cap transformation of Landsat Index LandTrendr 
 TM data measuring presence 
 and density of green vegetation.

WETNESS Tasseled cap transformation of  Index LandTrendr 
 Landsat TM data measuring 
 moisture status of the environment.
a Maxent is a habitat suitability modeling software used in this study to model relative suitability of marbled murrelet nesting habitat.
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Table 2—Mean number of potential nest platforms per tree as a function of tree species and size (diameter at 
breast height [DBH])a  

    Mean number of platforms by DBH class (cm)

Common name Scientific name 50–75 75–100 100–125 125–150 ≥ 150

Douglas-fir Pseudotsuga menziesii (Mirb.) Franco 0.275 1.725 4.721 7.989 11.911
Redwood Sequoia sempervirens 0.188 0.423 2.244 3.703 10.199
Sitka spruce Picea sitchensis (Bong.) Carrier 0.851 3.357 5.429 12.000 11.676
Western hemlock Tsuga heterophylla (Raf.) Sarg. 1.130 3.896 6.272 7.133 6.382
Western redcedar Thuja plicata Donn ex D. Don 0.212 1.076 2.311 3.488 4.488
Other conifers  0.514 2.017 4.359 7.350 6.611
a Potential platforms defined as horizontal limbs 6 inches or larger in diameter. Data from this table were used to create the PLAT-
FORMS covariate. See “Methods” for details.

In California, which has a mediterranean climate, we 
included FOG as a covariate because cool summer fog is a 
characteristic of coastal forests in northern California where 
summer precipitation is negligible, but fog greatly moder-
ates summer temperatures and humidity near the coast. Fog 
also plays an important ecological role in the distribution 
of coast redwood (Sequoia sempervirens Lamb. ex D. Don) 
Endl.) forest (Sawyer et al. 2000), with which murrelets are 
closely associated in California (Meyer et al. 2002). The fog 
spatial layer was developed by Henderson et al. (in press) 
and represents the average value of effective precipita-
tion added by fog drip and low clouds. One unit of “fog 
effect” equals 20 in of effective precipitation. We did not 
include FOG or the other climate covariates in the Oregon 
and Washington model regions that are characterized by 
maritime climates and where we expected less influence of 
climate on murrelet habitat selection.

Landscape covariates— 
Previous studies (Raphael et al. 1995) found that murre-
lets select larger patches of contiguous forest for nesting. 
To address patch characteristics, we created two covari-
ates, MULTISTORY_50 and PCTMATURE_50. These 
covariates were derived from GNN IMAP_LAYERS and 
VEGCLASS covariates, respectively. For each pixel, we 
evaluated forest condition on a 50-ha (124-ac) circular 
neighborhood centered on the pixel, assigning the percent-
age of the circle in mature-forest condition (see table 1) to 
the pixel.

Landsat covariates— 
We obtained three additional attributes (BRIGHTNESS, 
GREENNESS, and WETNESS) to further characterize veg-
etation condition, all based on tasseled cap transformations 
of 1994/96 and 2006/07 Landsat thematic mapper spectral 
data (see Kennedy et al. 2010 for methods). These data 
provide a way to optimize imagery viewing for vegetation 
studies. In particular, BRIGHTNESS is useful for differen-
tiating bare soil from vegetation, GREENNESS indicates 
the presence and density of vegetation, and WETNESS 
provides a measure of moisture in both vegetation and soil 
(Cohen et al. 1995, Crist and Cicone 1984). The BRIGHT-
NESS, GREENNESS, and WETNESS grids we used were 
produced as part of LandTrendr and were also used in the 
GNN modeling (Moeur et al., in press). See “Results” for 
details.

Other data sources— 
We used 2009 versions of the physiographic province 
layer (which also defines the Plan area) (FEMAT 1993), 
and the marbled murrelet range layer, to define the extent 
of our analysis and report outcomes based on these areas. 
Revisions to the original FEMAT (1993) physiographic 
province layer (available at http://www.reo.gov/gis/data/gis-
data/index.htm) involved correction of state boundaries us-
ing 1:24,000-scale digital topographic maps and inclusion of 
a more detailed, higher resolution coastline, which included 
several islands that were previously omitted. Revisions to 
the 2004 version of the murrelet range layer (also avail-
able at http://www.reo.gov/gis/data/gisdata/index.htm) were 
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confined to inclusion of the higher resolution coastline. The 
murrelet’s range south of Canada was divided into six mar-
bled murrelet “conservation zones” in the species’ recov-
ery plan (USFWS 1997), and the conservation zones were 
broken into strata for purposes of population monitoring 
(Raphael et al. 2006). Five of these conservation zones (1 
through 5) overlap the Plan area (fig. 2). We extended inland 
the breaks between conservation zones and strata, primar-
ily by following watershed lines, so that we could examine 
relationships between nesting habitat and at-sea murrelet 
populations.

The terrestrial (nesting) portion of the marbled murrelet 
range was defined during Plan development and consists of 
Plan marbled murrelet inland zones 1 and 2. Plan murrelet 
inland Zone 1 is a 10- to 35-mi-wide zone closer to the 
coast, defined by the Plan, where the majority of murrelet 
nests and detections are located, and inland Zone 2 is 
farther inland and includes areas where detection data 
indicated only a small fraction of the murrelet population 
nests (FEMAT 1993). To avoid confusion with the conserva-
tion zones of the recovery plan, we will refer to the inland 
marbled murrelet zones established by the Plan as “Plan 
murrelet zones.” As shown in figure 2, the murrelet’s inland 
range covers only a portion of the Plan area. Our analysis 
covers only lands within the overlap of the Plan area and 
marbled murrelet range.

We used 1999 U.S. Geological Survey National Eleva-
tion Data 98-ft (30-m) digital elevation model (DEM) data 
for estimating percentage of slope (http://gisdata.usgs.gov/
NED/).

Covariate Selection and Screening
We selected a candidate set of environmental covariates by 
using ecological knowledge of the species’ nesting habitat, 
from literature and our experience. We then used Pearson 
correlations to reduce multicollinearity among the covari-
ates included in our model. For covariate pairs for which 
correlations exceeded 0.90, we retained the covariate that 
had the most support in literature or our experience, and 
that had higher mapping accuracy, and dropped the other. 
We then partitioned the covariate data by state and recom-
puted correlation matrices for each state. Next, we screened 

for correlations greater than 0.70 within a state and for that 
state dropped the covariate that had the least support as 
described above. Our final covariate list is summarized in 
table 1.

Accuracy assessment— 
Our screening of potential GNN covariates considered ac-
curacy assessment data provided by the GNN project. The 
assessments used a form of ground-truthing, by compar-
ing observed values for a grid of field inventory plots with 
the GNN-predicted (modeled) values for those same plots. 
This provided accuracy data for the four GNN attributes 
used directly in our models (table 1). Accuracy assess-
ments were not available for non-GNN covariates or for 
derived GNN covariates, but were available for some of the 
GNN attributes that contributed to the PCTMATURE_50 
and PLATFORMS covariates. The GNN accuracy assess-
ments are available at http://www.fsl.orst.edu/lemma/main.
php?project=nwfp&id=studyAreas.

Table 3 summarizes the accuracy assessment results by 
GNN modeling region for GNN attributes that contributed 
directly or indirectly to model input covariates. Accuracy, 
as measured by correlation “r” values, ranged from 0.45 to 
0.80 among modeling regions for the four attributes used 
directly as covariates, plus the three that were the basis for 
the PCTMATURE_50; conifer canopy cover was the most 
accurate. Accuracy was less variable when averaged over 
the four modeling regions (r = 0.59 to 0.72), and averaged 
lowest in the California Coast region, where the sample size 
for field inventory plots was small and where clouds and fog 
tended to obscure imagery (Ohmann 2010).

The PLATFORMS covariate was based in part on 
GNN attribute data on tree density by species and DBH 
class. Creating these required the tree density data to be 
subdivided into 30 categories for each modeling region (five 
DBH classes for each of six species groups), often resulting 
in small sample sizes for these attributes, with the exception 
of the more abundant species, such as Douglas-fir. This may 
be why accuracy statistics for these attributes were gener-
ally low, with accuracy highest for Douglas-fir (table 3). 
Trees greater than 100 cm DBH contribute most to platform 
numbers, and when all conifers of this size class were 
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pooled (TPHC_GE_100), accuracy was greater, with cor-
relations ranging from 0.46 to 0.63 (table 3). Thus, although 
accuracy was low for some GNN attributes contributing 
to the PLATFORMS covariate, it was higher for attributes 
representing the most abundant tree species (Douglas-fir), 
and when sample sizes were increased by pooling larger 
conifer trees across species.

Data Preparation
All covariates were processed as Arc/Info (ESRI 1982–
2008) or ArcGIS rasters (ESRI 1999–2009) at 30-m (98-ft) 
resolution, the native resolution of the GNN data. An Arc/
Info smoothing function was applied to all covariate rasters, 
except MULTISTORY_50 and PCTMATURE_50, to assign 
the mean value of the 3- by 3-pixel neighborhood to the 
cell. We used this smoothing function to reflect the spatial 
uncertainty in our murrelet location data, but still main-
tained a spatial resolution < 2.5 ac. All covariate rasters 
were converted to ASCII files for input into Maxent and 
Maxent ASCII output back to rasters using Arc/Info (ESRI 
1982–2008).

Murrelet Locations
We used agency records to identify two types of murrelet 
nest locations to serve as species presence sites for training 
the Maxent models: (1) known nest locations and (2) stand 
locations where murrelet occupancy behavior was observed 
during audio-visual surveys of potential habitat (Evans 
Mack et al. 2003), using all available records through 2007. 
In both cases, we used only records where inspection 
of digital aerial photographs confirmed that older forest 
remained at the location in our baseline modeling year 
(1994 in California and 1996 in Washington and Oregon). 
We initially focused on known nest locations, but this 
yielded relatively small sample sizes (54 in Washington, 65 
in Oregon, and 52 in California), and did not always provide 
representative spatial distribution across potential murrelet 
habitat. Therefore, we added a random sample of “occupied” 
sites equal in number to the sample of nest sites for each 
state. We used an equal number of occupied and nest sites to 
minimize any potential bias in one data set or the other, as 

neither data set was collected via random sampling and may 
have biases. For example, many of the occupied sites were 
surveyed prior to timber harvest, so site selection for these 
surveys was guided by timber considerations. We assumed 
that when pooled, the nest and occupied location data used 
in our habitat modeling represented the breadth of possible 
murrelet habitat types (McShane et al. 2004, Nelson et al. 
2006, Raphael et al. 2006). These known nest and occupied 
location data (fig. 2) were used to train the Maxent habitat 
distribution model.

Location data for known nest and occupied sites were 
collected from a variety of sources. In Washington, the 
primary source was a database maintained by the Wash-
ington Department of Fish and Wildlife, plus nests located 
by a radiotelemetry study (Bloxton and Raphael 2009). 
California sources included a database maintained by the 
California Department of Fish and Game, supplemented by 
records assembled by the U.S. Fish and Wildlife Service. 
For Oregon, data sources were the U.S. Forest Service, the 
U.S. Bureau of Land Management, the Oregon Department 
of Forestry, and published and unpublished research (Nelson 
2010, Nelson and Wilson 2002, Ripple et al. 2003).

For known nest locations, we included (1) known nest 
trees located by visual observations and by radiotelemetry 
of nesting murrelets (n = 125); (2) sites where downy, 
flightless murrelets had been found on the ground (n = 7); 
and (3) sites where murrelet eggshells had been found on 
the ground, typically at the base of a suitable nest tree (n = 
39). Numbers of locations of downy young plus eggshells 
were 9, 4, and 33 in Washington, Oregon, and California, 
respectively. For the occupied sites, behaviors denoting an 
“occupied” location included one or more of the following: 
murrelets circling at or below the forest canopy; circling 
above the canopy by no more than one canopy height; flying 
through in a straight flight path below the canopy; landing 
in, perching, or departing from a tree; or birds emitting 
three or more calls from a fixed point in a tree within 328 
feet of an observer (Evans Mack et al. 2003).

We manually screened the data on known nest site 
locations with the aid of aerial photography, base GNN 
vegetation mapping data, and communications with original 
data sources to confirm and correct locations and remove 
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duplicate records. In the final data set, all nest locations 
were greater than 98 ft apart (the resolution of our 
modeling).

The selection of occupied sites used to train the Maxent 
model involved a series of filters and screenings. Filters 
were used to eliminate duplicate sites and those that fell 
within 164 ft (50 m) of a known nest site. Additionally, the 
Washington and Oregon databases were so robust (4,900+ 
and 4,300+ records, respectively), that a filter was applied to 
randomly eliminate sites within 5,774 ft of each other. This 
was done to maximize the distribution of the points among 
different habitat stands, as well as to reduce the number 
of records in the databases to a more manageable size for 
the manual screening process. The subset of occupied 
sites produced by the filtering process was then screened 
by manual inspection of each site location by using digital 
aerial photography. Sites were eliminated if forest condi-
tions at the site were clearly nonhabitat (e.g., clearcut, young 
forest, roadway, open water) in the baseline year. Finally, a 
stratified random selection was made from the remaining 
sites equal to the number of known nest sites within a state, 
and stratified by physiographic provinces within states 
proportional to the amount of habitat-capable lands in each 
province.

Because no known nest sites and few occupied sites 
(seven in Washington, nine in Oregon) occurred in Plan 
murrelet Zone 2 (the portions of the murrelet’s breeding 
range farthest from the coast), we limited the Maxent model 
development to the areas nearer the coast that represent Plan 
murrelet Zone 1. Thus all training sites used were within 
Plan murrelet Zone 1. In Washington, the model based on 
Plan murrelet Zone 1 data was subsequently projected onto 
Plan murrelet Zone 2, to estimate the distribution of po-
tential nest habitat for that area. In Oregon and California, 
we limited our habitat analysis to the Plan murrelet Zone 
1 (fig. 2) because of the scant evidence for murrelet use of 
these inland areas (Alegria et al. 2002, Hunter et al. 1998). 
In California, we found no records for murrelet use of Plan 
murrelet Zone 2. There are nine occupied sites in Plan 
murrelet Zone 2 in Oregon, but they are all clustered near 
the boundary with Plan murrelet Zone 1 in a small area near 
Roseburg, and evidence is lacking for use of Plan murrelet 

Zone 2 elsewhere in the state. In Washington, the occupied 
sites from Plan murrelet Zone 2 were much more evenly 
distributed spatially and with respect to distance from the 
coast, and we decided to include Plan murrelet Zone 2 in 
our analysis area.

Habitat Change
We used two methods to assess change in the amount and 
distribution of habitat from the baseline (1994 in California 
and 1996 in Oregon and Washington) to “current” condi-
tions represented by 2006 data in Oregon and Washington 
and 2007 data in California. For the first method (the “book-
end approach”), we compared amounts of habitat estimated 
by the Maxent models for two time periods: (1) the baseline 
year, and (2) estimates for 2006/07, which we obtained by 
projecting the Maxent model from the baseline period to the 
covariate values for 2006/07. Projecting the model in this 
manner could result in a projected model with validity is-
sues if covariate values in the 2006/07 data were outside the 
range of covariate values in the baseline study area used to 
build the Maxent model (Phillips et al. 2006); however, all 
covariate values were within the range of baseline values. 
By comparing mapped habitat suitability for the two time 
periods, we estimated change as the balance between losses 
and gains of higher suitability habitat during the analysis 
period. Habitat loss was defined as those pixels that moved 
from suitability classes 3 or 4 to suitability classes 1 or 2 
(habitat suitability classes are discussed below), and vice 
versa for habitat gains. This method cannot identify cause 
of habitat losses. Our second approach, “LandTrendr-veri-
fied,” used forest disturbance data provided by LandTrendr 
to refine the estimates of habitat loss as determined by the 
bookend approach. This allowed us to identify likely causes 
of habitat loss, focusing on areas where bookend losses were 
also mapped as disturbed by LandTrendr.

For the second approach, we calculated losses as 
follows: first, we used the Maxent bookend model results 
from each state to identify habitat that had changed from 
higher to lower suitability during the analysis period. We 
then examined these bookend “losses” spatially by using the 
LandTrendr disturbance attribute data from the same time 
period, with four LandTrendr disturbance classes: (1) no 
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disturbance, (2) fire, (3) harvest (primarily, but can include 
short-term disturbances other than fire and harvest), and 
(4) insect damage (and other long-term disturbance agents). 
Bookend losses in the latter three classes we considered 
“verified” by LandTrendr, that is, both the bookend analyses 
indicated a loss of suitable habitat for that pixel and the 
LandTrendr data also indicated a disturbance and assigned a 
disturbance type.

Salient differences between these two methods of esti-
mating habitat change are (1) the “bookend approach” pro-
vided net change in habitat as a result of gains and losses, 
whereas the “LandTrendr-verified approach” estimated only 
losses, while providing no information on potential habitat 
gains; and (2) the latter method used information from two 
sources (the Maxent models and LandTrendr) to estimate 
losses, and provided data on likely causes of habitat loss. 
The strengths and weaknesses of the two approaches are 
addressed in the “Discussion.”

LandTrendr
LandTrendr is a new approach (Cohen et al. 2010; Kennedy 
et al. 2007, 2010) for extracting information on changes at 
the land surface by using yearly Landsat satellite time- 
series imagery. The use of annual time-series images 
provides a powerful tool for detecting and describing both 
subtle and abrupt changes in land cover. This power stems 
in large part from using a long time series of images from 
the same location to separate imagery noise from actual 
change (Kennedy et al. 2007). Using spectral data, the 
LandTrendr method produces temporal trajectories on a 
pixel-by-pixel basis. These trajectories are then analyzed 
to identify relatively slowly occurring processes, such as 
vegetation regrowth or cover loss from disease or other 
stressors, and cover loss from abrupt events such as harvest 
or fire. The approach includes creating mosaic images by 
using multiple images per year to minimize the effects of 
cloud cover, normalization to remove most atmospheric 
effects, and methods to remove ephemeral noise-induced 
spikes caused by smoke, snow, clouds, or shadows. The 
technique also uses a tool (known as TimeSync) developed 
to assess the robustness of the LandTrendr outputs (Cohen 
et al. 2010).

For our analyses, we used the LandTrendr information 
on vegetation cover loss to inform us about disturbance 
events. The LandTrendr data we used were provided by its 
developers at Oregon State University (R.E. Kennedy and 
Z. Yang) and the USDA Forest Service Pacific Northwest 
Research Station (W.B. Cohen). LandTrendr used the same 
Landsat imagery as used for the GNN modeling of vegeta-
tion characteristics for the bookend years of 1994/96 and 
2006/07. Because LandTrendr used annual images for the 
analysis period and GNN used one year’s imagery for each 
bookend, the GNN models used a subset of the imagery 
data used by LandTrendr. The LandTrendr data covered the 
entire analysis area and time period, and provided informa-
tion at 30-m (98-ft) pixel resolution on the initial year of 
disturbance, and the magnitude and duration of disturb-
ances. Magnitude is expressed in terms of percentage of 
total vegetation cover change during the disturbance, and 
duration is measured in years. LandTrendr also provided 
data on likely cause of disturbances (vegetation cover loss), 
classified into four types: no disturbance, fire, short- 
duration disturbance other than fire (primarily harvest), 
and long-duration disturbance (typically insect damage, 
but can also include pathogens and occasionally other 
nonabrupt processes). For short-term (abrupt) disturbances, 
burned areas were identified based on fire-perimeter spatial 
data from Monitoring Trends in Burn Severity (MTBS, 
http://mtbs.gov), Geospatial Multi-Agency Coordination 
(GeoMAC, http://www.geomac.gov), and other sources. The 
remaining short-term disturbances were assigned a probable 
cause of harvest. For identifying disturbances, LandTrendr 
used a threshold of reduction in vegetation cover (magni-
tude) of at least 10 percent for long-duration disturbance and 
up to 15 percent for short-duration disturbances of 1 year 
(Kennedy 2010). LandTrendr provided information on up to 
three disturbances per pixel over the analysis period, ranked 
as primary, secondary, or tertiary based on magnitude and 
extent of a disturbance. We used only data from the two 
highest ranking disturbances during our period of analysis 
because very little area (about 1,200 ac or 0.002 percent 
of the Plan analysis area) had a tertiary disturbance event 
between 1994 and 2007. By comparison, about 9 percent of 
the murrelet analysis area recorded an initial LandTrendr 
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“primary” disturbance and 0.2 percent recorded a “sec-
ondary” disturbance event. We decided that the minimal 
information gained by including tertiary disturbances did 
not merit the additional analyses.

Model Refinements
Once we selected our final set of covariates, we began a se-
ries of Maxent model runs to evaluate model performance. 
Our intent was to find a parsimonious model that retained 
a relatively high level of model performance. To evaluate 
model performance, we used training and test model gain, 
and area under the curve statistics (AUC) (Boyce et al. 
2002, Fielding and Bell 1997). Gain is closely related to 
deviance, a measure of goodness of fit used in generalized 
additive and generalized linear models and is available as 
part of the model output in Maxent (Phillips et al. 2006). 
The lowest value of gain is 0 and it usually increases toward 
an asymptote as the fit of the model to the training data 
improves. During a run, Maxent is generating a probability 
distribution over pixels in the grid, starting from a uniform 
distribution and repeatedly improving the fit to the data. 
The gain is defined as the average log probability of the 
presence samples, minus a constant that makes the uniform 
distribution have zero gain. At the end of a run, the gain 
indicates how closely the model is concentrated around the 
presence samples; for example, if the gain is 2, it means that 
the average likelihood of the presence samples is exp(2), or 
approximately 7.4 times higher than that of a random back-
ground pixel (Phillips, n.d.). For a given model run, separate 
gain statistics were generated for the training (75 percent) 
and test (25 percent) portions of the available presence sites.

The other measure of model performance, AUC, is 
the area under a receiver operator characteristic (ROC) 
curve (Boyce et al. 2002, Hirzel et al. 2006). The AUC is a 
measure of model performance that essentially illustrates 
how well one can distinguish presence sites from the avail- 
able background sites (some of which are likely to be oc-
cupied by or suitable for murrelets). Values range from 
0 to 1.0, and location data that cannot be distinguished from 
the background with any greater probability than a random 
coin toss would yield an AUC score of 0.5. We present AUC 

values generated by using test data, which are data held 
back during model development and then used to test model 
fit and accuracy.

Maxent also provides a choice of covariate relation-
ships to include in a model, called “features.” Feature types 
include Linear, Quadratic, Threshold, Hinge, and Product. 
These features set the possible shapes of the relationship 
between a covariate and the response (i.e., the Maxent 
probability distribution) or allow for covariate interactions 
(product features). A user can select any combination of 
these feature types. A model with linear features requires 
the fewest parameters, as only one parameter (slope) is es-
timated for each covariate. Quadratic relationships require 
both a slope and exponent parameters for each covariate. 
Hinge features create a piece-wise approximation to any 
distribution. The number of parameters for any one covari-
ate increases for each “hinge” in the modeled distribution, 
and a complex distribution can result in many parameters. 
The Product feature allows for interactions among all pairs 
of covariates. The total number of parameters for any model 
depends, therefore, on the types of features selected and 
the complexity of the response curves between the covari-
ates and the probability scores. In addition, Maxent has a 
“regularization” constant that can be specified. Increasing 
the regularization value above the default has the effect of 
smoothing the response curve, thereby reducing the number 
of parameters in the model (see Phillips and Dudik 2008 for 
a thorough examination of the regularization settings).

We ran a number of Maxent models (fig. 5), each time 
varying the set of features we selected and the setting for 
regularization. We then plotted AUC and gain for each 
model against the total number of parameters required 
by the model. One would expect greater gain and greater 
AUC in models with larger numbers of parameters, just 
as a regression model with more covariates will generally 
explain more variance in a data set than a model with fewer 
covariates. The penalty for large numbers of parameters can 
be overfitting the data. If the model is overfitted to train-
ing data, then it will perform badly when applied to new 
data (i.e., test data that were not used to create the model). 
We used this method to refine models for each of the three 
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Figure 5—Relationship between area under the receiver operator characteristic curve (AUC) for a variety 
of Maxent model feature sets and the number of model parameters in the Washington study area. Model 
features are abbreviated as L (linear), P (product or interaction), H (hinge), A (auto, in which any combina-
tion of features can be selected automatically by the software), T (threshold), and Q (quadratic). Numbers 
following the model feature indicate regularization setting. See Phillips and Dudik (2008) for definitions of 
feature types. Note that models “LQP” and “LQP_1.5A” have relatively large Test AUC values with moder-
ate numbers of parameters, indicating parsimonious models that perform well.

states, and in each case, the Linear plus Quadratic plus 
Product features performed best relative to numbers of pa-
rameters required (fig. 5). Once we selected this feature set, 
we did further tests to fine tune the regularization setting 
in each state from the default value of 1.0 to several slightly 
higher values ranging to 2.0 (see Phillips and Dudik 2008). 
These final comparisons, based on 10 replicated model runs, 
led us to select the default regularization setting (1.0) in 
California and Washington, and a regularization setting of 
1.5 in Oregon (fig. 6).

Summarizing Maxent Output
Once we selected our final model structure, we used k-fold 
cross-validation to build our models in each modeling 
region (i.e., for each state) and computed an area-adjusted 
frequency (AAF) index (Boyce et al. 2002, Hirzel et al. 

2006) from a set of 10 replicated model runs for each state 
(fig. 7). The primary output from the Maxent model is a 
logistic probability for each pixel in the model region. The 
logistic probability can be interpreted as the relative likeli- 
hood of murrelet presence at that pixel given the set of 
environmental covariates at that pixel. For our study, AAF 
is the relationship between the proportions of murrelet 
locations (presence sites) with various estimated logistic 
probability values divided by the proportion of the available 
landscape that is estimated to have those same probability 
values. Values less than 1.0 indicate that the proportion 
of murrelet locations in those probability classes was less 
than the proportion in the landscape, whereas AAF values 
greater than 1.0 indicate the proportion of murrelet locations 
in those probability classes was greater than the propor- 
tion of the landscape in those same probability classes. 
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Figure 6—Illustration of mean and 
95 percent confidence intervals 
for test gain (a measure of model 
performance—larger values indicate 
stronger models) and numbers of 
parameters of a Maxent model using 
Linear, Quadratic, and Product (LQP) 
features in the Oregon study area for 
three alternative settings of regular-
ization, varying from 1.0 (the default), 
1.5 and 2.0. Confidence intervals were 
calculated from results of 10 repli-
cated model runs in which 25 percent 
of the murrelet sites were randomly 
selected and held out.

Figure 7—Mean and 95 percent confidence intervals of the ratio between predicted and expected frequencies (P/E ratio) of occurrence 
from 10 replicated Maxent model runs in Washington (A), Oregon (B), and California (C). We used the point where the P/E ratio = 1.0 
to separate higher and lower suitability habitat. Each of these regions was further subdivided into two classes based on the mean logis-
tic probability of all study area pixels in the range 0 to P/E = 1.0 and from 1.0 to the maximum score.
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Figure 7—Continued
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For example, if 1 percent of the landscape was estimated to 
fall within a logistic probability value of 0.8, but 10 percent 
of the murrelet locations were estimated to have logistic 
probability values of 0.8, the AAF value would be 10.

 For each set of 10 replicated model runs, we set 
Maxent to partition the presence sites into 75 percent to 
be used to train the model, and withholding 25 percent for 
testing the performance of the resulting model. We retained 
this approach for the final model runs for each modeling 
region because the replicated model iterations with ran-
domly partitioned presence sites provided data to assess 
the average behavior of the models; this also allowed for 
statistical testing of performance (see below). We computed 
the AAF values from the test data for each of the 10 runs, 
then computed a mean and standard deviation (SD) for 
the AAF values across all Maxent logistic probabilities 
(fig. 7). As recommended by Hirzel et al. (2006), we used 
a moving window of 0.1 width and a resolution of 0.01 to 
perform these calculations. We subsequently used the point 
where the ratio of predicted probability of presence versus 
expected probability of presence (P/E) = 1.0 (i.e., where 
the predicted frequency of test sites equals the expected 
frequency of test sites) as a threshold to separate higher 
from lower habitat suitability. We further subdivided the 
regions of lower and higher relative habitat suitability into 
two halves, defined by computing the mean of the distribu-
tion of scores between the low score and the threshold (P/E 
= 1) and the distribution between the AAF threshold and 
the high score (illustrated in fig. 7), creating four habitat 
suitability classes. We used these four classes to summarize 
acreages of habitat into four levels from lowest to highest 
relative habitat suitability. We defined class 1 (lowest likeli-
hood of suitability), class 2 (marginal likelihood of suit-
ability), class 3 (moderately high likelihood of suitability), 
and class 4 (highest likelihood of suitability). For purposes 
of summarizing data in the text, we pooled class 3 and class 
4 and refer to these pooled classes as “higher suitability 
habitat.” The plot of P/E against the mean habitat suitability 
of each class (fig. 7) provides a test for model performance, 
as a good model is expected to show a monotonically 
increasing curve (Boyce et al. 2002), for which we tested by 

using the Spearman rank correlation coefficient (Boyce et 
al. 2002, Hirzel et al. 2006).

To portray variability in our estimates of amounts of 
suitable nesting habitat, we computed 95 percent confidence 
intervals for mean acres of higher suitability habitat (those 
pixels with logistic scores above the cutoff where the P/E 
ratio is > 1.0). To do this calculation, we obtained the 10 sets 
of logistic probability maps from the 10 replicated Maxent 
runs, calculated acres above the threshold from each map, 
and then computed the variance and confidence interval 
from the 10 replicated maps for each study region (state).

Habitat Pattern–Edge Versus Core
Marbled murrelet nest success is reduced along forested 
edges owing to higher rates of nest depredation near edges 
(Malt and Lank 2007, Manley and Nelson 1999, Raphael 
et al. 2002). For that reason, we investigated the configura-
tion of potential habitat by computing how much of that 
habitat occurred along edges versus within-forest interior 
conditions. We defined core habitat as the internal portion 
of a contiguous block that is > 295 ft (three 30-m pixels) 
from the edge. We defined edge habitat as all habitat that is 
within 295 ft of nonhabitat. We used GUIDOS v1.3 to con-
duct the pattern analysis (Soille and Vogt 2009, http://forest.
jrc.ec.europa.eu/biodiversity/GUIDOS/). We worked within 
the entire area modeled (i.e., an entire state) to eliminate as 
much artificial edge as possible. We resampled the binary 
grids (a pixel was coded as either higher or lower suitability 
habitat) from 98 to 197 ft (30 to 60 m) prior to input into 
GUIDOS by using nearest neighbor resampling method. 
This method (which is recommended for categorical data) 
finds the location of the new 197-ft (60-m) cell center on 
the output grid and the corresponding cell with the closest 
cell center on the input 98-ft (30-m) grid and then assigns 
that 197-ft (60-m) cell the value of that 98-ft (30-m) cell. For 
purposes of reporting results, we converted the data back to 
the 98-ft pixel scale by resampling.

Murrelet Abundance Patterns
To investigate whether our estimates of amounts of habitat 
can be used to predict the abundance of marbled mur-
relets, we tallied acreage of habitat in each suitability class 
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within the boundaries of each geographical stratum used to 
estimate murrelet populations (Miller et al., n.d.; Raphael et 
al. 2007). Our hypothesis is that murrelet abundance should 
be greater where the amount of adjacent suitable habitat is 
greater. For this analysis, we computed mean abundance of 
murrelets from year 2001 to year 2006 (corresponding to 
our current estimate of amount of suitable habitat) and then 
computed amounts of habitat within the inland borders of 
each stratum. To account for differences in total land area 
among strata, we performed a partial correlation of murrelet 
population size with amount of habitat controlling for land 
area. For our estimates of amount of suitable habitat, we 
used total amount of higher suitability habitat (classes 3 plus 
4) and also amount of the highest suitability habitat (class 4 
only).

Results
Covariates
Descriptive statistics for our final list of covariates are given 
in table 4, which compares mean, SD, and range for mur-
relet nest and occupied locations and for the model region 
as a whole. Contributions of each of these covariates to the 
Maxent model for each state can be evaluated in several 
ways. One way is to look at the log (ln) of the ratios of mean 
values between species locations and the model (available) 
area. A larger ratio would indicate a greater relative differ-
ence in the means, and greater differences will generally 
support stronger models and a stronger contribution of that 
covariate. For Washington, the ratio is greatest for PLAT-
FORMS (greater mean density of platforms at murrelet 
locations than mean density in the model region). PCTMA-
TURE_50, CANCOV_HDW, and WETNESS (negative 
relationships for the latter two) also had larger ratios than 
those of the remaining covariates. In Oregon, PLATFORMS 
had the largest ratio, followed by PCTMATURE_50. PCT-
MATURE_50 had the greatest ratio in California, followed 
by MNDBHBA_CON, WETNESS and CANCOV_HDW 
(negative relationships), and CANCOV_CON.

Another way to evaluate contributions is to compare 
training gain of each covariate modeled alone against the 
gain from the global model (when all covariates are in-
cluded) and to compare the effect on global gain when that 

covariate is removed and all other covariates are retained 
(fig. 8). Covariate contributions evaluated in this way 
differ somewhat from the previous comparisons. Evaluated 
in this way, the strongest covariates in Washington are 
PLATFORMS, MNDBHBA_CON, CANCOV_CON, and 
GREENNESS. In Oregon, the strongest contributors are 
PLATFORMS, MNDBHBA_CON, PCTMATURE_50, and 
BRIGHTNESS. In California, CANCOV_CON was stron-
gest, followed by PCTMATURE_50, MNDBHBA_CON, 
and BRIGHTNESS.

To portray relationships between values of each covari-
ate and the Maxent logistic probabilities, we computed the 
mean covariate value for the set of all pixels within each of 
four classes summarizing Maxent scores by state (fig. 9). 
These figures help display the positive or negative relation-
ships between covariates and Maxent scores, and help as-
sess the magnitude of change in a covariate among different 
likelihood classes. However, these relationships should be 
interpreted with caution, as the Maxent scores result from 
the full model (all covariates, and interactions), so one 
should not assume that a change in a single covariate will 
cause the change in Maxent score illustrated in the figures. 
Although we dropped covariates when highly correlated 
with another covariate, some correlations remained among 
covariates used, which confounds any attempt to describe 
the unique contributions of any one covariate.

Model Performance
We summarize gain for each state in figure 10 and contrast 
test gain and training gain. Training gain is estimated from 
the data used to build the model. Test gain is gain estimated 
from independent data held out for model testing. If a model 
were overfit (i.e., had an overabundance of parameters), then 
we would expect training gain to be much larger than test 
gain. As shown in figure 10, test gain was close to training 
gain in all three model regions. As measured by test gain, 
model performance was strongest in California [gain = 
2.976, and exp(2.976) = 19.6], indicating a much stronger 
distinction between murrelet sites and the background area 
in that state compared with the other states. For example, 
differences between mean values of murrelet locations and 
the background were much larger for several covariates in 
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Table 4—Summary estimates of baseline (1994/1996) covariates used in Maxent analysis for points occupied by 
murrelets and analysis area (state)

 Nest and occupied Habitat capable

State Covariatea Mean SDb Min Max Mean SDb Min Max

Washington

 PLATFORMS  46.4 31.3 0 136.4 19.4 28.2 0 209.5
 CANCOV_CON 82.3 11.9 26.6 97.3 62.4 26.3 0 99.9
 CANCOV_HDW 7.2 10.1 0 51.9 14.1 17.4 0 97.4
 MNDBHBA_CON 26.0 11.5 5.6 76.8 16.2 8.8 0 76.8
 MULTISTORY_50 56.9 29.6 0 100 45.6 29.5 0 100
 PCTMATURE_50 35.4 27.3 0 97 17.8 24.4 0 100
 SLOPE_PCT 17.6 10.9 0.4 52.9 16.0 11.8 0 86.8
 GREENNESS 594.9 195.8 289.0 1,385.0 792.6 258.9 -530.0 2,351.8
 WETNESS -105.1 62.4 -393.9 -18.6 -194.4 169.8 -3,164.2 1,778.3

Oregon

 PLATFORMS  47.4 31.7 0.4 133.2 16.6 21.3 0 206.4
 CANCOV_CON 64.0 14.6 13.0 86.8 52.5 22.1 0 100.0
 CANCOV_HDW 20.7 17.1 0 74.5 24.6 18.9 0 99.1
 MNDBHBA_CON 28.8 9.1 8.3 48.0 18.1 9.9 0 128.3
 MULTISTORY_50 48.6 24.1 10 99 39.9 23.4 0 100
 PCTMATURE_50 33.4 24.0 0 98 14.3 17.9 0 100
 SLOPE_PCT 19.0 8.4 0.8 39.6 18.7 9.0 0 67.6
 BRIGHTNESS 976.5 243.1 561.9 2,121.3 1,195.2 295.5 104.1 7,790.2
 GREENNESS 713.6 190.0 303.3 1,357.3 870.1 245.5 -1,628.6 2,205.3

California

 CANCOV_CON 85.2 14.7 32.5 100.0 51.7 23.1 0 100.0
 CANCOV_HDW 22.0 17.4 0 66.2 45.0 23.7 0 97.5
 DDI 6.1 1.4 3.2 8.4 4.8 1.6 0 10.0
 MNDBHBA_CON 44.7 21.7 9.1 128.3 20.6 11.1 0 128.3
 MULTISTORY_50 84.8 12.8 49 100 67.0 22.5 0 100
 PCTMATURE_50 52.8 28.7 0 98 11.0 17.6 0 100
 JULY_MAXT  74.3 3.2 67.9 83.0 80.3 6.5 60.0 96.2
 FOG 1.2 0.1 0.9 1.5 1.0 0.4 0.1 1.8
 SMR_PRECIP  6.1 1.6 2.6 10.6 7.1 3.6 1.3 21.1
 SLOPE_PCT 17.2 7.8 0.8 42.4 20.9 8.2 0 67.4
 BRIGHTNESS 713.2 149.8 456.8 1,183.6 989.0 215.5 90.6 3,239.1
 GREENNESS 543.7 108.3 339.0 921.2 742.4 188.7 -105.9 1,794.8
 WETNESS -100.5 84.2 -496.3 -10.1 -211.0 164.6 -1,629.2 84.1

a A description of the covariates, including units, can be found in table 1.
b Standard deviation.
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Figure 8—Contributions of environmental variables (covariates) to Maxent models of habitat suitability in Washington (A), 
Oregon (B), and California (C). The green bar indicates gain from a model with all covariates included in a model. The brown bars 
indicate gain from a model with only that covariate included. The dark blue bar is the reduction in gain (relative to the green bar) 
that would occur if that covariate were removed from the model but all other covariates were in place.
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Figure 9—Relationships between individual covariates and final Maxent logistic probabilities summarized by habitat suitability class for 
each state.
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Figure 9—continued
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Figure 10—Mean (and 95 percent confidence intervals) of measures of model performance from 10 replicated Maxent model runs 
in Washington (A), Oregon (B), and California (C). The y-axis shows units for each of the test statistics. AUC is the area under the 
receiver operator characteristic curve and P/E = 1 is the Maxent score (logistic probability) where predicted and expected frequen-
cies of predicted occurrence are equal. See “Methods” in text for explanations of all terms.

California than in Oregon or Washington (see MNDBHBA_ 
CON and PCTMATURE_50, table 4). Test gains were 
lower in Oregon (gain = 1.041) and Washington (gain = 
1.092).

Test AUC values were ranked among the model regions 
in the same pattern as gain: AUC was greatest in the 
California model (AUC = 0.975) and lower in the models for 
Oregon (AUC = 0.862) and Washington (AUC = 0.856) (fig. 
10). For all three models, the plot of P/E values against the 
mean habitat suitability of each class showed a monotoni-
cally increasing curve with high correlation value (Rs > 
0.99; P < 0.001), indicative of strong model performance.

Baseline Habitat Suitability
Our models depict the predicted suitability of conditions for 
murrelet occurrence (figs. 11 through 13), with higher values 
(in darker shades of green) indicating higher probabilities 
that conditions are suitable (AAF scores ≥ 1.0) and lower 

values (shades of yellow) indicating low predicted prob-
abilities of suitability (AAF scores < 1.0). The proportion of 
habitat-capable land that was of higher suitability varied by 
state. In Washington and Oregon, 21 percent of all habitat-
capable land was classified as higher suitability in 1996, 
but in California only 4 percent was classified as higher 
suitability in 1994 (table 5). Over all lands, we estimated 
a total of 3.81 million acres of higher suitability habitat in 
1994/96 (table 5), of which 1.69 million acres (44 percent) 
was in the highest habitat suitability class (class 4; tables 
6 and 7). Most higher suitability habitat (57 percent) was 
on federally reserved lands, but a substantial amount (36 
percent) was on nonfederal land. In California, where little 
federal land exists near the coast, more of the higher suit-
ability habitat occurred on nonfederal lands than on federal 
lands (fig. 14; tables 6 and 7). On federal lands over the 
three-state region, 89 percent of higher suitability habitat 
fell within reserves. Among physiographic provinces, the 
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Figure 12—Habitat suitability map for Oregon, as of baseline in 1996. Plan murrelet zones are denoted as Zone 1 closer to the 
west coast and Zone 2 farther away from the coast.
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Figure 13—Habitat suitability map for California, as of baseline in 1994. Plan murrelet zones are denoted as Zone 1 closer to 
the west coast and Zone 2 farther away from the coast.
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Table 5—Estimated amount and distribution of potential marbled murrelet nesting habitat at the start of the 
Northwest Forest Plan (baseline, 1994/96) and losses owing to harvest, fire, and other causes from the baseline 
year to 2006/07a

         Higher suitability nesting habitat

 Habitat- Baseline            Losses
Land class capable (1994/96) % Fire Harvest Otherb Total %

 Thousand  acres Thousand acres

Federal reserved:

   Washington 3,030.0 1,387.7 45.8 0.3 4.4 3.0 7.8 0.6
   Oregon 1,870.7 745.2 39.8 51.2 4.3 0.6 56.1 7.5
   California 775.5 30.2 3.9 0.1 0.1 0.1 0.3 1.1

   Total 5,676.3 2,163.1 38.1 51.6 8.8 3.7 64.2 3.0

Federal nonreserved:

   Washington 431.7 113.8 26.4 0.0 1.0 0.3 1.3 1.2
   Oregon 575.3 144.0 25.0 5.3 5.4 0.4 11.1 7.7
   California 218.9 4.8 2.2 0.0 0.0 0.1 0.1 2.0

   Total 1,225.9 262.7 21.4 5.3 6.5 0.8 12.6 4.8

Nonfederal:

   Washington 7,389.4 802.8 10.9 0.3 229.4 13.8 243.5 30.3
   Oregon 4,164.3 486.2 11.7 0.4 157.6 4.4 162.5 33.4
   California 2,255.7 97.6 4.3 0.2 7.3 0.5 7.9 8.1

   Total 13,809.5 1,386.6 10.0 0.9 394.3 18.7 413.9 29.8

All lands:

   Washington 10,851.1 2,304.3 21.2 0.6 234.9 17.1 252.6 11.0
   Oregon 6,610.4 1,375.4 20.8 56.9 167.4 5.4 229.7 16.7
   California 3,250.1 132.6 4.1 0.2 7.4 0.7 8.3 6.3

   Total 20,711.6 3,812.3 18.4 57.8 409.7 23.2 490.7 12.9

a Totals were computed prior to rounding. Higher suitability potential nesting habitat includes class 3 (moderately high suitability) 
plus class 4 (highest suitability).
b Other includes insects, disease, and other longer term disturbances.
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Table 7—Distribution of potential murrelet nesting habitat on nonfederal lands, by habitat suitability 
class, for the baseline period (1994 or 1996)a

       Habitat capable (1000s of acres)

 Not     Habitat 
 habitat     capable 
State/province capable Class 1 Class 2 Class 3 Class 4 total

Washington:

(Maxentb score)  0–.12 0.12–.37 0.37–.52 0.52–1
  Olympic Peninsula 119.8 779.4 411.8 105.8 85.0 1,381.9
  Western Lowlands 1,744.9 2,690.5 1,061.2 254.8 172.0 4,178.5
  Western Cascades 128.3 1,039.5 551.1 108.0 66.9 1,765.4
  Eastern Cascades 2.1 29.1 24.2 6.9 3.4 63.6

   Total 1,995.2 4,538.4 2,048.3 475.4 327.3 7,389.4

Oregon:

(Maxent score)  0–.10 0.10–.30 0.30–.49 0.49–1
  Coast Range 406.7 2,070.6 945.6 279.2 142.3 3,437.7
  Willamette Valley 199.7 57.7 30.3 8.5 3.8 100.3
  Western Cascades 1.5 2.0 1.5 0.4 0.1 4.0
  Klamath 84.4 377.9 192.6 38.7 13.0 622.2

   Total 692.4 2,508.1 1,170.0 326.9 159.3 4,164.3

California:

(Maxent score)  0–.01 0.01–.15 0.15–.36 0.36–1
  Coast Range 538.2 1,391.4 500.6 59.9 36.1 1,988.0
  Klamath 24.2 235.8 30.3 1.5 0.1 267.8

   Total 562.4 1,627.2 530.9 61.4 36.2 2,255.7

Plan area total 3,249.9 8,673.7 3,749.1 863.7 522.9 13,809.5
a Numbers rounded to nearest 100; totals were computed prior to rounding. Class 1 = lowest suitability, Class 2 = marginal 
suitability, Class 3 = moderately high suitability, and Class 4 = highest suitability.
b Maxent is a habitat suitability modeling software used in this study to model relative suitability of marbled murrelet 
nesting habitat.
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Figure 14—Baseline (1994 in 
California and 1996 in Oregon and 
Washington) amounts of higher 
suitability habitat by ownership 
and state. Higher suitability nesting 
habitat includes class 3 (moderately 
high suitability) plus class 4 (highest 
suitability).

largest amounts of higher suitability habitat occurred in the 
Western Cascades of Washington, Olympic Peninsula, and 
Oregon Coast Range provinces (fig. 15; tables 6 and 7).

The spatial configuration of higher suitability habitat 
varied by state and land allocation. We used the ratio of 
edge habitat to total habitat (i.e., the proportion of higher 
suitability habitat that occurs within 197 ft [60 m] of an 
edge versus the total edge and core habitat) to assess habitat 
configuration patterns. Higher suitability habitat on non-
federal lands occurred mostly within edges, especially in 
Oregon and Washington where habitat in edges was about 
80 percent of total habitat (fig. 16); habitat in reserves on 
federal lands had the lowest proportion of edge habitat in all 
three states, but that proportion still exceeded 50 percent in 
all states.

Habitat Change
As discussed above, we used two methods to assess change 
in the amount and distribution of habitat from the baseline 
(1994 in California and 1996 in Oregon and Washington) 
to “current” conditions represented by 2006 data in Oregon 

and Washington and 2007 data in California. Net change in 
higher suitability habitat varied depending on method. Un-
der the bookend approach, which considers both gains and 
losses, we estimate that higher suitability habitat declined 
from 3.81 million acres to 3.54 million acres: 8.9 percent, 
4.7 percent, and 2.0 percent in Washington, Oregon, and 
California, respectively (fig. 17; tables 8 and 9). Under the 
LandTrendr-verified approach, which allows only for losses, 
higher suitability habitat declined by greater amounts: 11.0, 
16.7, and 6.3 percent in the three states, respectively (table 
5). For both methods, change in habitat is within the 95 
percent confidence interval of our baseline estimate in all 
three states (fig. 17). Loss of higher suitability habitat was 
greatest on nonfederal lands (losses exceeded 30 percent 
of baseline in Washington and Oregon) and lowest from fed-
erally reserved lands (table 5). The cause of loss varies by 
land ownership. On federal lands, most of this loss of higher 
suitability habitat (74 percent) was due to fire, and about 
20 percent (15,300 acres) was due to harvest (table 5). On 
nonfederal lands, most loss (95 percent) was due to harvest 
(table 5). See tables 8 and 9 for details on habitat change by 
land allocation and physiographic province.
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Figure 15—Baseline (1994 in California and 1996 in Oregon and Washington) amounts of nesting habitat 
by suitability class and by physiographic province.  OLY = Washington Olympic Peninsula, WLO = 
Washington Western Lowlands, WCW = Washington Western Cascades, ECW = Washington Eastern 
Cascades, COA = Oregon Coast Range, WIL = Oregon Willamette Valley, WCO = Oregon Western 
Cascades, KLA = Oregon Klamath, CACOA = California Coast Range, CAKLA = California Klamath.

Figure 16—Baseline (1994 in 
California and 1996 in Oregon 
and Washington) proportion of 
higher suitability nesting habitat 
that occurred along edges within 
60 m of lower suitability habitat by 
land allocation and state. Higher 
suitability habitat includes class 3 
(moderately high suitability) plus 
class 4 (highest suitability). Lower 
suitability habitat includes class 1 
(lowest suitability) plus class 2 
(marginal suitability).
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Figure 17—Amounts of higher suitability habitat at the baseline (1994 in California and 1996 in 
Washington and Oregon) and at the end of the modeling period (2006 in Washington and Oregon and 
2007 in California) as estimated from Maxent model results from each time (“bookend”) and from 
LandTrendr (see text for methods). Higher suitability habitat includes class 3 (moderately high suit-
ability) plus class 4 (highest suitability). Values are the means from 10 replicated Maxent runs in each 
state along with 95 percent confidence intervals.
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Habitat pattern, as indicated by the proportion of higher 
suitability habitat in edge, became slightly more fragmented 
in 2006/07 compared with baseline conditions in Oregon 
and California, but became slightly less fragmented in 
Washington (fig. 18).

Discussion
Sources of Uncertainty
This work represents a second attempt to create a rangewide 
map of potential murrelet nesting habitat from consistent 
baseline vegetation information. We believe the effort 
has resulted in an improved understanding of the current 
amount and distribution of nesting habitat compared to 
the information available at the time of our earlier report 
(Raphael et al. 2006). As in our previous effort, there are a 
number of sources of uncertainty that should be recognized.

Vegetation mapping— 
First, there is uncertainty and error in the underlying GNN 
vegetation classification. We have previously discussed ac-
curacy assessment information for the vegetation data (see 

“Methods” section). Error rates in the original vegetation 
attributes such as tree diameter and canopy cover varied 
among modeling regions, but we used the average correla-
tion of plot covariates and GNN covariates across regions to 
judge accuracy. Some of our covariates were derived from 
combinations of GNN covariates (such as PLATFORMS), 
and we do not have a measure of accuracy of these derived 
covariates. In general, we can assume that finer scale co-
variates (such as the count of stems in diameter classes) will 
be less accurate than more broadly defined covariates. For 
example, the accuracy (correlation coefficient) for density of 
Douglas-fir stems 50 to 75 cm (19.7 to 29.5 in) DBH ranged 
from 0.38 to 0.52 among GNN modeling regions, whereas 
the accuracy for the density (trees per hectare [TPH]) of 
all conifer stems greater than or equal to 50 cm (19.7 in) 
DBH ranged from 0.54 to 0.72. Another derived covariate 
is PCTMATURE_50 and although we have an accuracy as-
sessment for sites classified as large conifer, we do not know 
the accuracy of our estimate of the percentage of a 123.6-ac 
(50-ha) circle that is classified as large conifer.

Figure 18—Change in amount of 
higher suitability nesting habitat 
that occurs within edges along 
(within 60 m of) lower suitability 
habitat from the baseline (1994 
in California and 1996 in 
Washington and Oregon) to 
the end of the model period 
(2007 in California and 2006 in 
Washington and Oregon). Higher 
suitability habitat includes class 
3 (moderately high suitability) 
plus class 4 (highest suitability). 
Lower suitability habitat includes 
class 1 (lowest suitability) plus 
class 2 (marginal suitability).
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Resolution is also a source of uncertainty. In general, 
finer resolution data, such as the 30-m (98-ft) resolution 
GNN data, will show more variation and detail than coarser 
resolution data. Engler et al. (2004) found that models using 
higher resolution habitat predictors performed better than 
models using coarser resolution data (82-ft versus 1,640-ft 
resolution raster data). The lower model performances they 
observed at the 1,640-ft resolution (roughly 62-ac pixel 
size) were probably caused by a loss of information that 
is inevitable when aggregating environmental maps. This 
aggregation may, in some cases, hide important combina-
tions of habitat predictors, which would be expressed with 
finer resolution data. Our method of applying a smoothing 
function to covariates during data preparation helped 
reduce the effect of errors at the single-pixel scale resulting 
from imagery noise, while retaining much of the fine-scale 
richness of the GNN data.

Errors in GNN attribute data also resulted in some 
model covariate values that did not match the actual vegeta-
tion on the ground. For example, we checked GNN attribute 
data against aerial imagery for murrelet nest and occupied 
sites used to train the model, and, in some cases, observed 
mismatches, where aerial photos showed old forest with 
large trees, but the GNN attributes for the site indicated 
forest with primarily small trees. This kind of error in the 
vegetation characteristic data could introduce error into 
the Maxent models, by training the models on a broader 
range of ecological conditions at murrelet location sites than 
actually occurs.

Murrelet locations— 
We recognize three primary sources of uncertainty in our 
marbled murrelet database. First, for the occupied detection 
sample, we assumed there were no false positives, i.e., we 
assumed murrelets were correctly identified and that their 
behavior was correctly observed so that sites with occupied 
detections were not recorded in error. Occupied detections 
were those that were believed to be associated with nesting 
(Evans Mack et al. 2003), but it is not clear whether murre-
lets were actually nesting at all such detection sites. To the 
extent that occupied behaviors were observed at unsuitable 
sites, our models could include undue weight to attributes 
associated with sites that were not actually used. Second, 

our sample of nest sites includes locations where downy 
young or egg fragments were observed on the ground, and it 
is possible these signs of nesting were not correctly attrib-
uted to the actual nest tree. Thus, these sites may have less 
spatial accuracy than our sample of confirmed nest trees 
and this could introduce some bias, although we believe it is 
small. Third, there is variation in forest attributes among the 
pixels that we delineated at murrelet locations. Some pixels 
within areas treated as species sites may not have been the 
exact locations used by the birds and may not have contrib-
uted to site selection by the birds. To the extent that some 
pixels within the 3- x 3-pixel neighborhood that contributed 
to the averaged covariate values for presence locations may 
have included unsuitable habitat, our data for vegetation 
conditions at presence locations may have greater variance 
than a more homogeneous site of truly suitable habitat.

The allocation of murrelet location survey effort was 
not random with respect to the vegetation and physiographic 
covariates. Murrelet surveys were not conducted according 
to any planned survey design but rather, some of the surveys 
in our database were done in advance of timber sales in for-
est that was judged likely to be murrelet habitat. As a result, 
there are likely biases in the distribution of survey effort 
and hence in the distribution of occupied sites in our data 
set (Daw et al. 1998, Edwards et al. 2006. Scott et al. 2002).

Because we performed 10 model runs for each model 
region, we are able to portray some measure of uncertainly 
in our prediction of habitat suitability (see fig. 17). Doing so 
represents a major advance in the representation of habitat 
suitability. The magnitude of variation among model runs, 
represented by the 95 percent confidence interval around 
estimates, provides a useful way to judge model perfor-
mance and helps interpret estimates of habitat suitability.

Model uncertainty— 
Projecting model results from one set of environmental data 
to another set can create uncertainties. We found that the 
range of values in each of our covariates from the current 
period fell within the ranges of those covariates in the base-
line period, which helps justify our method of projection. 
However, projecting data in this way assumes that murrelets 
were selecting habitat conditions in the same way for each 
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time period. If murrelets change habitat preferences in rela-
tion to changing environments, then our projections could 
be inaccurate. We have no evidence that habitat selection 
has changed.

The two approaches to estimating habitat change 
yielded different estimates of habitat change, although both 
methods estimated losses that were within the confidence 
limits of each method’s estimate. The LandTrendr-verified 
approach estimated higher rates of habitat loss. A primary 
reason for this is because this method did not include 
habitat gains. For information on simple habitat loss without 
consideration of net change owing to combined effects of 
gains and losses, the LandTrendr-verified estimates have the 
advantages of providing information on cause of loss, and 
of counting as losses only areas where two data sources, the 
bookend models (which identified losses from the higher 
suitability habitat classes) and LandTrendr (which detected 
substantial vegetation canopy loss) coincide. However, for 
expressing net change, the bookend approach alone includes 
Maxent model results for gains and losses.

The key difference between the two methods is treat-
ment of habitat gains. As noted, only the “bookend” method 
provides data on habitat gains. Some of these gains may 
be due to the different sources of error and uncertainty we 
have discussed, just as some of the bookend losses may be 
due to error. Remote sensing approaches have demonstrated 
their ability to detect both losses and gains in forest cover 
(Coops et al. 2010, Hais et al. 2009, Kennedy et al. 2007, 
Staus et al. 2002), but the ecological characteristics of good 
murrelet nesting habitat are more complex than simple 
forest cover. For a similar analysis for northern spotted 
owls (Davis and Dugger, in press), the authors questioned 
whether gains identified by bookend models were as reliable 
as losses, owing to differences in the ability of their models 
to detect abrupt habitat losses compared to their ability to 
detect gains from gradual habitat development over the 
short period of analysis. Although additional error may 
occur for projecting a model to a new data set, versus the 
error associated with the original model, we used the exact 
same habitat models and model input sources for both 
1994/96 and 2006/07, and losses and gains were determined 
by consistent criteria. However, it is possible that for short 

analysis periods, there could be more error associated 
with detecting gains across any suitability threshold value, 
versus detecting losses across that same threshold, because 
losses have a stronger signal (greater average loss in suit-
ability) than gains. We have assumed that model errors are 
not biased toward losses or gains, but this may be an area 
for future research.

Notwithstanding these potential errors, our models all 
had excellent classification skill (AUC values) as well as 
being very well calibrated, as evidenced by the P/E (AAF) 
plots. Even with these errors, the models were very good. 
The sources of uncertainty we mention should predispose 
the models to perform worse—not better. Thus, even with 
the odds against finding good models, we found good ones.

Interpretation of Model Output
We have presented maps depicting relative suitability 
of nesting habitat for the murrelet in four levels ranging 
from low to high at a resolution of 98 ft (30 m). Predicted 
suitability at a single pixel can be far less reliable than 
predicted suitability at a larger scale, where small-scale 
errors are smoothed out by using average suitability over 
the larger area. Such smoothing can also reduce the ac-
curacy of some single pixels, but predictions at this scale 
more reliably match the larger scale patterns on the ground. 
Further, the GNN metadata specifically advises users that 
the most appropriate use of that data is across landscapes, 
counties, watersheds, or ecoregions (areas larger than 
stands or patches). For these reasons, we caution users that 
estimates of the amount of suitable habitat should be based 
on larger areas, such as a watershed, and not individual 
sites or stands. In addition, using our maps to locate specific 
areas of suitable murrelet habitat on a specific ownership is 
inappropriate when the landscape in question is small (e.g., 
< 10,000 ac).

Comparison With Previous Estimates
Results presented in this report differ from those reported 
earlier by Raphael et al. (2006). This should be expected, as 
many aspects of this analysis differ from the earlier work. 
First, we are now using a very different set of vegetation 
data (GNN in this report versus Interagency Vegetation 
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Mapping Project [IVMP] for Washington and Oregon and 
CALVEG [California Vegetation mapping] for California 
in the previous report). The GNN data are an improvement 
because of more consistent mapping across the three-state 
range, more available attributes, and improved reliability of 
mapped attributes. Second, we are using a different type of 
model (maximum entropy in this report versus ecological 
niche factor analysis in the previous report). Maxent, as 
described in the “Methods” section, performs better than 
Biomapper as a modeling tool. Third, our model regions 
differ: we excluded Plan murrelet Zone 2 from our previ-
ous ecological niche factor model and now include Plan 
murrelet Zone 2 in Washington in this analysis. Fourth, 
we are using a different set of environmental covariates in 
this model compared to our previous model. Fifth, we used 
a different method of setting a threshold between lower 
suitability and higher suitability habitat (Biomapper scores 
> 60 in the previous report versus Maxent scores where the 
area-adjusted frequency ratio of predicted to expected sites 
exceeded 1.0 in this model). Lastly, we had a larger set of 
murrelet locations available with which to train models. 
Nonetheless, despite these many differences in methods, 
our baseline estimate (1994/96) of higher suitability habitat 
over all lands (3.8 million acres) is not drastically different 
than our previous estimate of 4.0 million acres from the 
Biomapper model. Comparison within individual provinces 
and by land allocation will differ to a greater extent; it is 
only when lands are pooled across a large area that we see 
similar estimates.

Implications of Results
Among its many objectives, the Plan was designed to 
provide habitat conditions that support a viable and well-
distributed population of marbled murrelets. The Plan is a 
long-term strategy that is expected to reach its full potential 
after many decades when previously cutover forest stands 
within federal reserves mature and begin functioning 
as suitable habitat. In the short term, the objective is to 
conserve remaining habitat, and to that end the Plan seems 
successful. Almost 90 percent of the higher suitability habi- 
tat currently on federal lands is protected under the various 
reserve allocations. Based on LandTrendr-verified data, the 

rate of loss of higher suitability habitat on reserved lands 
has been about 3.0 percent over the 10-year period we ana- 
lyzed, (owing mostly to fire, especially in Oregon [table 8]) 
and slightly higher (4.8 percent) on nonreserved federal 
lands. However, the rate of loss of higher suitability habitat 
has been about 10 times greater (29.8 percent) on nonfederal 
lands, owing mostly to timber harvest.

Given that one-third of the higher suitability habitat 
is on nonfederal lands, if the amount of suitable habitat 
for murrelets is to be maintained at its current level, it will 
require contributions from nonfederal lands. Over time, as 
federal reserves increase in quality, less reliance on non-
federal lands may be warranted. Thus, there are currently 
limits on the extent to which the Plan can protect remaining 
suitable habitat and prevent its ongoing loss.

We used two methods to estimate change in habitat 
from the baseline to current conditions, and under each 
method we observed a loss. The bookend approach includes 
both gains and losses in higher suitability habitat. We 
cannot be certain that all gains are real, as some changes 
may be due to mapping and other errors and to “noise” in 
the Landsat-based imagery that would cause erroneous 
estimates. Although there is some uncertainty about gains 
and net change, we believe the LandTrendr-verified losses 
represent the best estimates of the amount of higher suitabil-
ity habitat where disturbances impacted habitat suitability 
sufficiently to be considered a loss.

However, both the bookend and LandTrendr-verified 
estimates show a loss of habitat. The overall rate of this loss 
i.e, that is the rate we estimated across all land ownerships, 
was 12.9 percent using the LandTrendr-verified approach 
or 7.1 percent using the bookend approach. When error 
estimates for habitat amounts during the two periods are 
considered, the magnitudes of loss estimated using either 
approach fall within the range of uncertainty and for that 
reason we cannot say that total amount of habitat has 
changed significantly over this period. If estimates of loss 
are valid despite the uncertainties we describe, conserva-
tion of the threatened murrelet is not possible if such losses 
continue at this rate into the future.

Our data indicate that about 38 percent of all habitat-
capable land in federal reserves was in higher suitability 
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condition (classes 3 and 4) in 1994/96. We estimated a 
loss of about 64,000 acres of higher suitability habitat 
from federal reserves over the 10 years from 1994/96 to 
2006/07 (table 5). If that rate continued for 50 years, the 
total loss would be 320,000 ac. There were also nearly 2 
million acres of federally reserved land in class 2 condi-
tion (35 percent of all habitat-capable reserve lands), much 
of which, given time, has potential to develop into more 
highly suitable nesting habitat (fig. 19). Although some of 
this may not develop suitable nesting habitat owing to poor 
site conditions or other factors, our initial screening for 
“habitat-capable lands” excluded many such areas, and most 
areas are in class 2 condition because they are young forest. 
If 20 percent of the nearly 2 million class 2 acres developed 
into higher suitability condition over the next 50 years, 
that would be enough to balance a loss of 320,000 acres. 
Therefore, over the long run, it is not unreasonable to expect 
to see a net increase in total amount of higher suitability 
habitat, particularly if losses are reduced. 

The development of stands with old-growth character-
istics necessary for murrelets is expected to take at least 100 
to 200 years (USFWS 1997). For the many younger stands 
in the murrelet range that were clearcut harvested in the 
past century, the benefits of habitat development are well 
into the future, but if management for late-successional and 
old-growth forests continues, projections show substantial 
increases on western federal lands of forest exceeding 150 
years age by 2050 (Mills and Zhou 2003). Given declining 
murrelet population trends, as well as habitat losses, in 
many areas, it is uncertain whether their populations will 
persist to benefit from potential future increases in habitat 
suitability. This underscores the need to arrest the loss of 
suitable habitat, especially in the relatively near term (three 
to five decades). Shorter term gains in habitat quality may 
occur as older forest fills in around existing suitable habitat 
and reduces edge and fragmentation effects in existing 
habitat, prior to the older forest developing the large limbs, 
nest platforms, and other characteristics of murrelet nesting 
habitat.

Relation to Murrelet Population Estimates
Raphael et al. (2006) showed a very strong association 
between total murrelet populations and total suitable habitat 
at the scale of the five marbled murrelet conservation zones 
and the strata within them, over the Plan area. We repeated 
this analysis by using our current estimates of higher 
suitability habitat (this report), and murrelet population 
estimates from Miller et al. (n.d.). We used a partial correla-
tion to account for land area within each stratum. Partial 
correlation of amounts of higher suitability habitat (classes 
3 and 4) within each stratum with murrelet population size 
in waters adjacent to each stratum was positive and statisti-
cally significant (partial r = 0.775, P = 0.024, fig. 20). The 
partial correlation was even stronger (partial r = 0.885, P = 
0.003) considering only class 4 habitat. Furthermore, Miller 
et al. (n.d.) reported that murrelet populations have declined 
from 2001 to 2009. This decline is most severe in the 
northern part of the three-state range, particularly in Zone 
1 (Puget Sound and Strait of Juan de Fuca in Washington). 
Rates of loss of habitat, as estimated from the bookend 
maps, were also greatest in Washington, which further sug-
gests a relationship between murrelet numbers and amounts 
of habitat. If these correlations indicate a true cause-effect 
relationship between amount and trend of suitable habitat 
and size and trend of adjacent murrelet populations, then 
the implication is that amount of nesting habitat, especially 
the highest suitability habitat, sets the carrying capacity 
for murrelets as has been suggested elsewhere (Burger 
and Waterhouse 2009, Raphael 2006). If that is the case, 
then conservation and restoration of nesting habitat under 
the Northwest Forest Plan is an essential piece to murrelet 
recovery. Maintaining and creating high-quality habitat on 
nonfederal lands may also be critical for murrelet survival 
and recovery south of Canada.
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Figure 19—Amounts of habitat by 
suitability class that occur within 
federal reserved and nonfederal 
lands. Class 1 = lowest suitability, 
class 2 = marginal suitability, class 
3 = moderately high suitability, and 
class 4 = highest suitability.

Figure 20—Relationship between 
mean marbled murrelet population 
size (2001 to 2006) from Miller et al. 
(n.d.) and amount of higher suitabil-
ity nesting habitat (suitability classes 
3 and 4) in 2006/07, adjusted for land 
area, by stratum within recovery 
conservation zones. Values depicted 
are the residuals from regressions of 
land area and murrelet population or 
habitat.  Strata are identified by zone 
(first digit) and stratum (decimal 
digit).
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Metric Equivalents
When you know: Multiply by: To get:

Inches (in) 2.54 Centimeters (cm)
Inches (in) 25.4 Millimeters (mm)
Feet (ft) 0.305 Meters (m)
Miles (mi) 1.609  Kilometers (km)
Square miles (mi2) 2.59 Square kilometers (km2)
Acres (ac) 0.405 Hectares (ha)
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