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Fact Sheet 

Project Title and Description 
Seattle Public Utilities (SPU) proposes to construct and operate a sockeye hatchery and 
associated facilities, such as facilities for collecting adult sockeye for broodstock on the Cedar 
River.  As currently planned, the proposed project would consist of a hatchery, a system to 
supply virus-free water for hatchery operations, and broodstock collection and spawning 
facilities.  Operating protocols, an Adaptive Management Plan, and other documents have been 
developed to guide future operations and monitoring.  The new hatchery would be located at 
Landsburg, the site of the City of Seattle’s municipal water diversion and intake facilities on the 
Cedar River.  Landsburg is located within King County, about 2 miles northeast of Ravensdale 
and 3 miles southeast of Maple Valley.  The broodstock collection facility would be located on 
the lower Cedar River, either within unincorporated King County or within the City of Renton.  
Construction of the hatchery is proposed to begin in 2006. 

Phased Environmental Review 
The environmental review of the proposed sockeye hatchery documented in this Final 
Supplemental EIS (FSEIS) is part of a phased environmental review process being conducted in 
accordance with the Washington State Environmental Policy Act (SEPA), RCW 43.21C; WAC 
197-11, and the City of Seattle SEPA ordinance, Chapter 25.05 of the Seattle Municipal Code.  
Programmatic alternatives for the hatchery program were evaluated in the 1999 Final EA/EIS for 
the Cedar River Habitat Conservation Plan (Cedar HCP).  That programmatic analysis has been 
followed by evaluation of specific project alternatives for constructing and operating a hatchery.  
SPU conducted scoping and public involvement activities for the project-level EIS during late 
2001.  The Draft EIS for the Cedar River Sockeye Hatchery Project was issued on September 19, 
2002.  SPU issued a Final EIS (FEIS) for the project on March 20, 2003.  In November 2003, a 
City of Seattle Hearing Examiner directed that a limited SEIS be prepared to provide a more 
detailed discussion of one of the project mitigation measures, the Adaptive Management Plan, 
and a “worst case analysis” for potential significant impacts from operation of the hatchery on 
native fish stock.  The “worst case” analyses include the following areas:  

• Genetics, including straying, homogenization, and domestication;  

• Predation;  

• Competition with other species for food supply;  

• Competition for spawning areas; and  

• Superimposition of sockeye redds on Chinook redds.    

This FSEIS supplements the FEIS for the Cedar River Sockeye Hatchery Project as directed by 
the Hearing Examiner and does not repeat information included in the FEIS, except where such 
information is necessary to provide a context for new information presented in the FSEIS.  The 
FEIS and FSEIS encompass all regulatory and other actions necessary to undertake and 
implement the proposal. 
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Action Sponsor and Lead Agency 
Seattle Public Utilities 
700 Fifth Avenue 
Suite 4900 
PO Box 34018 
Seattle WA 98124-4018 

Responsible Official 
Chuck Clarke, Director 
Seattle Public Utilities 
700 Fifth Avenue 
Suite 4900 
PO Box 34018 
Seattle WA 98124-4018 

Contact Person 
Vikki Anselmo 
Seattle Public Utilities 
700 Fifth Avenue 
Suite 4900 
PO Box 34018 
Seattle WA 98124-4018 
vikki.anselmo@seattle.gov 
206-386-4560 

Permits, Licenses, and Other Approvals Potentially Required 
Federal 
U.S. Army Corps of Engineers, Section 404 Permits 
U.S. Army Corps of Engineers, Section 10 Permit 
Section 7 Endangered Species Act Consultation 

State 

Washington Department of Fish and Wildlife Hydraulic Project Approval 
Washington Department of Ecology Section 401 Water Quality Certification 
Washington Department of Ecology Construction NPDES Permit(s) 
Washington Department of Ecology NPDES General Permit for Upland Hatchery and  

Fish Farming 
Washington Department of Ecology Waste Discharge Approval 
Washington Department of Natural Resources Aquatic Lands Lease 
Washington Department of Natural Resources Forest Practices Permit 
Washington State Historic Preservation Office Cultural Resources Approval 
Surface Water Right(s) or Modifications 



July 14, 2005 

Cedar River Sockeye Hatchery Project – Final Supplemental EIS Seattle Public Utilities 
Fact Sheet  

iii 

King County 
Shoreline Substantial Development Permit(s) 
Commercial Building Permit(s) 
Clearing and Grading Permit(s) 
Drainage Review 
Sensitive Areas Ordinance Review/Public Agency Utility Exemption 
Onsite Sewage Disposal Permit 

City of Renton 
Shoreline Substantial Development Permit 
Clearing and Grading Permit (possible) 
Building Permit 
Drainage Review 
Sensitive Areas Review 

Authors and Principal Contributors 
The Cedar River Sockeye Hatchery Final SEIS has been prepared under the direction of Seattle 
Public Utilities.  The following firms and individuals contributed to the SEIS: 

Adolfson Associates, Inc. 
• lead SEIS consultant and document assembler 

Dr. Thomas Quinn, Professor, School of Aquatic & Fishery Sciences, University of Washington 
• overall scientific advisor, advisor on the Adaptive Management Plan, and scientific lead 

for genetic impacts analysis 

Dr. David Beauchamp, Assistant Unit Leader-Fish, Washington Cooperative Fish and Wildlife 
Research Unit, University of Washington 

• scientific lead for competition and predation impacts analysis 

Dr. Ernie Brannon, Professor Emeritus, University of Idaho 
• scientific lead for spawning competition and superimposition impacts analysis 

Issue Date of Draft Supplemental EIS 
February 16, 2005 

End of Comment Period 
March 21, 2005 

Final SEIS Issue Date 
July 14, 2005 
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Public Hearing on Draft Supplemental EIS 
A public meeting to provide comments was held on March 10, 2005 from 7:00 to 9:30 PM at 
Renton Technical College (3000 N.E. 4th St., Renton) in Blencoe Auditorium (Building C).   

Availability of the Final Supplemental EIS 
Copies of the FSEIS and/or Notices of Availability have been distributed to a number of 
agencies, organizations, and individuals as noted in the Distribution List located in Appendix A.  

Copies of the FSEIS are available for review at the following locations 

Location Address 
Seattle Public Utilities 
 

700 5th Avenue, Suite 4900 
PO Box 34018 
Seattle, WA  98124-4018 
Contact: Vikki Anselmo 
(206) 386-4560 
 

Seattle Department of Planning and 
Development 
Public Resource Center 
 
 

700 5th Avenue, Suite 2000 
P.O. Box 34019 
Seattle, WA 98124-4019 
(206) 684-8467 

Seattle Central Library 1000 4th Avenue 
Seattle, WA  98104 
(206) 386-4636 

University of Washington, Seattle 
Campus 
Suzzallo Library 

University of Washington 
Seattle, Washington 98195 

Maple Valley Public Library 23720 Maple Valley Highway 
Maple Valley, Washington  98038 
 

Fairwood Public Library 
 

17009 140th Avenue SE 
Renton, Washington  98058 
 

Renton Public Library 100 Mill Avenue South 
Renton, Washington  98055 

 

Appeal of the FSEIS 

Appeals of the adequacy of the FSEIS must be submitted to the Office of the Hearing Examiner 
by 5:00 p.m. July 29, 2005.  Appeals should be addressed to the Hearing Examiner in writing 
and shall indicate the factual objection to the FSEIS and the basis for the appeal, consistent with 
requirements in SMC 25.05.680.  The Hearing Examiner Rules are found in Chapter 3.02 of the 
Seattle Municipal Code.  Appeals must be accompanied by a $50.00 filing fee in a check payable 
to the City of Seattle.  The appeal must be sent to: 
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Office of the Hearing Examiner 
P.O Box 94729  
700 Fifth Avenue #4000  
Seattle, WA 98124-4729 

 

Nature and Approximate Date of Final Action by Lead Agency 
The City of Seattle and other decision-makers will use this FSEIS when making decisions 
regarding the proposal.  Because the FEIS and FSEIS encompass all regulatory and other actions 
necessary to undertake and implement the proposal, there is no single date for agency action.   

Subsequent Environmental Review 
No subsequent environmental review is planned.  If the proposed project is modified in the future 
in a way that would be expected to increase the extent or duration of significant adverse 
environmental impacts, additional environmental review may be necessary. 

Documents Incorporated by Reference 
The following document is incorporated by reference in this FSEIS: 

• Final EIS for Cedar River Sockeye Hatchery Project, March 2003, including Addendum 
#1 

Location of Background Data 
Seattle Public Utilities 
700 5th Ave.  Suite 4900 
PO Box 34018 
Seattle WA 98124-4018 
Contact: Vikki Anselmo 
  206-386-4560 

Cost to Public 
One copy of the FSEIS is provided free.  Additional copies are provided at cost.  Copies (either 
hardcopy or CD) can be obtained by contacting Vikki Anselmo at the address and phone number 
listed above.  In addition, the document may be found on the Seattle Public Utilities website: 
http://www.seattle.gov/util/About_SPU/index.asp 
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Chapter 1  
Summary and Background 

1.1 Introduction 

1.1.1 Purpose and Scope of this Document 

Seattle Public Utilities (SPU), a department of the City of Seattle, proposes to construct and 
operate a sockeye hatchery and associated facilities on the Cedar River.  The proposed hatchery 
would be capable of producing up to 34 million sockeye fry annually.  The hatchery would be 
located at Landsburg, in southeast King County, about 2 miles northeast of Ravensdale and 3 
miles southeast of Maple Valley (Figure 1-1).   

SPU issued a Final Environmental Impact Statement (FEIS) for the Cedar River Sockeye 
Hatchery Project on March 20, 2003.  A citizen appealed the adequacy of the FEIS to the Seattle 
Hearing Examiner.  On November 12, 2003, the Hearing Examiner remanded the FEIS to SPU 
and directed SPU to prepare a Supplemental Environmental Impact Statement (SEIS) that would 
provide additional information and analysis on two distinct, though related, issues.   

First, the Hearing Examiner directed SPU to provide a “worst case” analysis of potential 
significant impacts from construction and operation of the hatchery upon other fish populations 
within the Cedar River watershed.  The impact analysis in this FSEIS includes a discussion of 
potential genetic impacts (including homogenization, domestication, and straying1); the impacts 
of predation; the impacts from competition with other species or stocks on the food supply for 
fish in Lake Washington; the impacts of competition for spawning areas; and the impacts from 
superimposition of sockeye redds on Chinook salmon redds.   

Second, the Hearing Examiner directed SPU to provide more details about how SPU’s proposed 
Adaptive Management Plan will address the potential impacts from the hatchery, including the 
potential effect of increased sockeye production on existing fisheries populations in the Lake 
Washington basin.   

With respect to all other issues addressed in the appeal, the Hearing Examiner’s decision 
affirmed the adequacy of the FEIS.  In particular, the Hearing Examiner’s decision did not 
require any additional environmental analysis regarding design and siting issues for the hatchery 
facilities themselves, including the hatchery building, water supply development, and broodstock  

                                                 
1 These and other technical terms are defined in the Glossary (Chapter 5). 
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collection facilities.  The State Environmental Policy Act (SEPA) rules and Seattle Municipal 
Code (SMC) 25.05.620 direct that an SEIS “should not include analysis of actions, alternatives, 
or impacts that is in the previously prepared EIS.”  The scope of this FSEIS is, therefore, limited 
to the two issues described above: a worst case analysis and the Adaptive Management Plan.   

1.1.2 Organization of FSEIS 

This FSEIS is organized into two main parts. Part 1 contains References, and Appendices from 
the DSEIS, where changes have been made to reflect comments received on the DSEIS.   All text 
that has been added, deleted, or revised since issuance of the DSEIS is shown in underline and 
strikethrough. 

Chapter 1 of this FSEIS describes the project history and background, lists the objectives of the 
project, discusses previous environmental review that has been completed, provides an overview 
of the Adaptive Management Plan for the hatchery, and explains what a worst case analysis is 
and the methods used to perform the analysis.  The chapter then summarizes the major 
conclusions of the FSEIS and remaining areas of controversy and uncertainty. 

Chapter 2 of this FSEIS provides more detail about the Adaptive Management Plan, as it has 
currently been developed, as required by the Hearing Examiner.  This description includes 
response actions and general measures of success or failure for the response actions.  

Chapter 3 of this FSEIS then presents the worst case analysis for each topic.  It also explains how 
the Adaptive Management Plan will address specific potential impacts of the hatchery. 

References cited in the FSEIS are listed in Chapter 4.  Technical terms are defined in Chapter 5. 

Part 1 of the Tthe FSEIS also includes threetwo appendices that provide additional details and 
supporting information. Appendices A and B appeared in the DSEIS, while Appendix C has been 
included to provide additional information on potential effects of domestication selection on 
fitness .  These appendices are referenced in the FSEIS chapters where appropriate. 

Part 2 of the FSEIS contains comments received on the DSEIS, and responses to those 
comments. 

1.2 Project History and Background 

1.2.1 Project Description 

SPU proposes to construct and operate a sockeye hatchery and associated facilities (such as 
facilities for collecting adult sockeye for broodstock) on the Cedar River.  The proposed project 
will implement certain aspects of the Landsburg Mitigation Agreement, which was established as 
part of the Cedar River Habitat Conservation Plan (Cedar HCP).  As currently planned, the 
proposed project would consist of a hatchery, a system to supply virus-free water for hatchery 
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operations, and broodstock collection and spawning facilities.  Operating protocols, an Adaptive 
Management Plan, and other documents have been developed to guide future operations and 
monitoring. 

The new hatchery would be located at Landsburg, the site of the City of Seattle’s municipal 
water diversion and intake facilities on the Cedar River.  Landsburg is located within King 
County, about 2 miles northeast of Ravensdale and 3 miles southeast of Maple Valley.  The 
broodstock collection facility would be located on the lower Cedar River, either within 
unincorporated King County or within the City of Renton. 

1.2.2 SPU Operations on the Cedar River 

SPU is a department of the City of Seattle that provides water supply, sewer, drainage, solid 
waste, and engineering services.  SPU’s water supply operations provide drinking water to over 
1.3 million customers in the greater Seattle metropolitan area.  Two-thirds of this supply comes 
from the Cedar River via a diversion dam and water supply intake at Landsburg.  Water supply 
facilities at Landsburg have been in operation since the early 1900s.  Water diverted at 
Landsburg is then delivered, via an aqueduct crossing the Cedar River and two large supply 
pipelines, to Lake Youngs, which serves as a water supply reservoir.  Since 2003, SPU has 
operated fish passage facilities to allow upstream and downstream passage of all fish species 
except sockeye. 

1.2.3 Cedar HCP and Agreements 

To help guide its water supply and hydroelectric facility operations and its land management 
activities in the Cedar River watershed, and to obtain incidental take permits under the federal 
Endangered Species Act, the City of Seattle developed and implemented the Cedar HCP.   

The City of Seattle, along with state and federal agencies, approved the Cedar HCP in April 
2000.  The City and federal and state agencies entered into three additional agreements related to 
the Cedar HCP:  

• The Landsburg Mitigation Agreement sets forth the City’s obligations for mitigating the 
effects of its facilities at Landsburg.   

• The Cedar River Instream Flow Agreement binds the City to provide certain flows 
downstream of Landsburg Diversion Dam.   

• The Implementation Agreement ensures implementation of the terms of the Cedar HCP; 
describes remedies and recourse should any party fail to perform its obligations as set 
forth in this agreement; and provides certainty that the City’s compliance with the terms 
of the Cedar HCP, the incidental take permit, and the Implementation Agreement will 
fully address the City’s potential legal obligations under the Endangered Species Act with 
respect to the covered activities and covered species. 
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The Cedar HCP is a 50-year comprehensive plan that addresses watershed management, 
instream flows, fish passage at Landsburg, and other issues related to protecting and enhancing 
habitat for threatened and endangered species, including Chinook salmon and bull trout.  The 
agreement includes the construction of a fish ladder to allow all salmon species except sockeye 
to spawn above Landsburg Diversion Dam.  Because sockeye salmon spawn in relatively large 
numbers, they would pose a risk to the City’s unfiltered drinking water supply if they were 
allowed above the dam.  Therefore the City, with the concurrence of state and federal regulators, 
has pursued the option of constructing a sockeye salmon hatchery instead of allowing sockeye 
salmon above Landsburg.  The Landsburg Mitigation Agreement memorializes the conditions 
agreed to by the City and the other governmental agencies with regulatory authority.  Parties to 
the Landsburg Mitigation Agreement include the City of Seattle, represented by SPU; the State 
of Washington, represented by Washington Department of Fish and Wildlife (WDFW); the 
National Marine Fisheries Service (now referred to as NOAA Fisheries); and the U.S.  Fish and 
Wildlife Service.   

Subsequent to approval of these agreements, NOAA Fisheries and the U.S.  Fish and Wildlife 
Service issued incidental take permits to the City.  The City has been implementing elements of 
the Cedar HCP and Landsburg Mitigation Agreement since that time.  The proposed hatchery, 
with a capacity to produce up to 34 million sockeye salmon fry annually, is one mitigation action 
prescribed by these agreements. 

1.2.4 Existing Interim Hatchery 

Prior to the Cedar HCP and Landsburg Mitigation Agreement, the Washington State legislature 
in 1989 passed Washington State Senate Bill 5156 (codified in RCW 77.100) that ultimately 
resulted inenabled the construction of a sockeye hatchery on the Cedar River.  A Cedar River 
Sockeye Policy Committee was authorized by RCW 77.100.110 and included members from 
WDFW, NOAA Fisheries, the Muckleshoot Indian Tribe, and SPU. King County was 
subsequently added to the committee. The committee decided to initiate an emergency sockeye 
supplementation effort to help address the decline of Lake Washington sockeye salmon 
populations, and to gather information to guide the development and implementation of an 
effective long-term sockeye mitigation program.   

In response to this directive and in cooperation with WDFW, SPU constructed an interim 
sockeye hatchery in 1991 immediately downstream of the Landsburg Diversion Dam.  The 
interim sockeye hatchery, managed by WDFW, has been operated on a seasonal basis since 
1991.  The interim sockeye hatchery uses a temporary weir at River Mile (RM) 6.5 for 
broodstock collection.  The interim sockeye hatchery has three main purposes: 

• To conduct prototype testing of recently developed sockeye culture techniques; 

• To provide additional fry to support sockeye returns to the Cedar River; and 

• To provide a source of marked sockeye fry to facilitate monitoring and life history 
research to evaluate factors related to the decline of sockeye stocks in the Cedar River. 
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The interim sockeye hatchery has a capacity to produce approximately 17 million fry per year.  
Sockeye fry production has been limited in some years by the inability to collect sufficient 
broodstock.  Fry production has ranged between 600,000 and 17 million fry annually.  The 
operation of the interim sockeye hatchery at Landsburg since 1991 has provided an opportunity 
to evaluate methods that are unique to sockeye culture and test their effectiveness.  Methods that 
were developed in Alaska to control a viral disease (IHN virus) that is common in sockeye 
populations have proven effective at the Landsburg site.  In addition, useful information on 
incubator performance, water supply, incidence of virus, development rates, emergence timing, 
and other parameters has been generated through the operation of the interim hatchery.   

While experience with the interim sockeye hatchery has been valuable in guiding design and 
program decisions for the proposed permanent replacement hatchery, the interim facility has 
operated past its design life.  Other limitations with the existing interim sockeye hatchery 
reinforce the need for a permanent facility.  The interim sockeye hatchery has a production 
capacity half of that agreed to through therequired by the Cedar HCP and Landsburg Mitigation 
Agreement, is at risk of damage from major floods, provides limited temperature control of the 
water supply that accelerates the development rate of sockeye eggs, and has no fry holding 
capacity.  The lack of temperature and holding capacity requires the release of sockeye fry into 
the river before they would otherwise emerge from spawning gravels under natural conditions.   

An additional limitation is that fish passage improvements downstream of the Landsburg 
Diversion Dam now allow adult sockeye to spawn close to the existing interim hatchery.  The 
presence of adult sockeye carcasses in the vicinity of the open water supply for the interim 
hatchery increases the risk of transmitting IHN virus.  IHN virus is present in the Cedar River 
sockeye population and could be transmitted to the hatchery by animals that come in contact 
with salmon carcasses and then the water supply. 

1.2.5 Sockeye Mitigation Requirements 

The proposed Cedar River Sockeye Hatchery would be capable of producing up to 34 million 
sockeye fry annually as called for in the Landsburg Mitigation Agreement and the Cedar HCP.  
The Landsburg Mitigation Agreement, which was enacted as part of the Cedar HCP, calls for a 
number of measures, including the proposed hatchery, to address the blockage of fish passage 
caused by the City of Seattle’s water supply diversion dam at Landsburg.   

The proposed hatchery project, along with certain investments in habitat, was selected for 
implementation after an environmental review for the Cedar HCP that considered several 
programmatic alternatives.  These programmatic alternatives included variations in the timing 
and size of a new hatchery, or relying solely on downstream habitat protection and restoration.  
In part based on that programmatic environmental review, the final Cedar HCP and Landsburg 
Mitigation Agreement call for implementation of a sockeye hatchery capable of providing up to 
34 million fry annually as well as investing $1.6 million (1996 dollars) in protecting and 
improving downstream habitat. 
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1.3 Project Objectives 

In addition to the overall purpose of producing up to 34 million sockeye fry per year, overall 
objectives identified in the FEIS (SPU, 2003) for the proposed project include: 

• Implement the Cedar HCP and Landsburg Mitigation Agreement commitments related to 
a biologically and environmentally sound long-term sockeye hatchery program that will 
help to provide for the recovery and persistence of a well-adapted, genetically diverse, 
healthy, harvestable population of Cedar River sockeye. 

• Avoid or reduce detrimental effects on the reproductive fitness and genetic diversity of 
naturally reproducing salmon populations in the Cedar River and the Lake Washington 
basin. 

• Monitor the performance and success of the hatchery program and use this information as 
the basis for evaluating and modifying operations.   

• Satisfy any mitigation obligations the City may have for the sockeye migration blockage 
created by the Landsburg Diversion Dam as defined in the Landsburg Mitigation 
Agreement, Senate Bill 5156, and other applicable state and federal laws. 

In addition to these overall objectives, the Cedar HCP and Landsburg Mitigation Agreement 
identified a number of project-specific objectives, as summarized in Table S-1 on page S-3 of the 
Final EIS (SPU, 2003).   

The proposed hatchery is expected to augment natural sockeye spawning in the Cedar River and 
to produce a greater and more consistent number of returning adult sockeye than would result 
without it.  This is expected to increase sport and tribal harvest opportunities of the Lake 
Washington sockeye salmon fishery. 

The objective of the proposed project is to implement a biologically and environmentally sound 
sockeye hatchery program.  The use of hatcheries to augment naturally produced fish stocks has 
been a controversial issue for many years.  Some of the controversy and confusion that has 
surrounded hatcheries is a result of not adequately separating the influences of fisheries 
management decisions from the inherent effects of artificial propagation (Brannon and Amend et 
al., 2004a).  Unlike some hatcheries, the goal of the proposed hatchery is to produce an 
integrated run.  The Hatchery Scientific Review Group (HSRG, 2004a) describes an integrated 
run as follows: 

A fundamental goal of an integrated [run] program is for the hatchery broodstock 
to be as similar genetically as possible to naturally spawning populations, in 
areas where fish are released and/or collected for broodstock.  The long-term 
goal is to maintain genetic characteristics of a local, natural population among 
hatchery-origin fish, by minimizing genetic changes resulting from artificial 
propagation and potential domestication.  In an idealized integrated program, 
natural-origin and hatchery-origin fish are genetically equal components of a 
common gene pool.   
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A hatchery supporting an integrated program can be viewed conceptually as an 
artificial extension of the natural environment where the population as a whole 
(hatchery + wild) is sustained at a much higher level of abundance than would 
occur without the hatchery.  A properly managed integrated broodstock can 
potentially serve as a genetic repository in the event of a major decline in the 
abundance of natural-origin fish. 

In another document the HSRG stated, “One goal of integrated hatchery programs is to minimize 
the genetic effects of domestication by allowing selection pressures in the natural environment to 
drive the genetic constitution and mean fitness of the population as a whole.” (HSRG, 2004b). 

1.4 Previous Environmental Review 

The environmental review of the proposed sockeye hatchery documented in this FSEIS is part of 
a phased environmental review process being conducted in accordance with the Washington 
State Environmental Policy Act (SEPA), RCW 43.21C, WAC 197-11, and the City’s SEPA 
ordinance, Chapter 25.05 of the Seattle Municipal Code.  As discussed in Section 1.3.3 of the 
FEIS, programmatic alternatives for the hatchery program were evaluated in the Final EA/EIS 
for the Cedar River Watershed Habitat Conservation Plan (1999). 

That programmatic analysis has been followed by evaluation of specific project alternatives for 
constructing and operating a hatchery.  SPU conducted scoping and public involvement activities 
for the project-level EIS during late 2001.  The Draft EIS for the Cedar River Sockeye Hatchery 
Project was issued on September 19, 2002.  SPU issued an FEIS for the project on March 20, 
2003.   

The FEIS (SPU, 2003) evaluated several alternatives for the construction of the hatchery and 
associated facilities, including: 

• Two hatchery sites; 

• Two design alternatives for springwater supply;  

• Four broodstock collection sites (with and without adult holding and spawning facilities); 
and 

• Three broodstock collection weir designs. 

The FEIS also evaluated a No Action Alternative and provided a review of information on 
project-specific biological effects of the proposed hatchery that updated the programmatic 
evaluation described in the Cedar HCP FEIS.  The purpose of this FSEIS is not to reevaluate 
these alternatives but to focus on the specific areas required in the Hearing Examiner’s decision, 
discussed in Section 1.1.1 of this chapter. 
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1.5 Adaptive Management Plan 

In early 2000 the City of Seattle assembled a special scientific advisory panel as called for in the 
Landsburg Mitigation Agreement (LMA).  The purpose of this panel was to advise the City and 
the other signatory Parties to the LMA in developing plans to implement an effective, 
comprehensive, and biologically sound artificial propagation program consistent with the Cedar 
HCP.  This panel was composed of experts in sockeye salmon biology, Lake Washington 
ecology, fish diseases, genetics, and recent hatchery reform initiatives.  The experts came from 
the University of Idaho, University of Washington, U.S.  Fish and Wildlife Service, National 
Marine Fisheries Service (NOAA Fisheries), and U.S.  Geological Survey.   

The experts who have advised SPU on hatchery operations reviewed the status and factors 
affecting sockeye in the Cedar/Lake Washington basin.  They suggested that, “The Cedar River 
hatchery is a supplementation program.  The natural population, therefore, establishes the 
template on which to guide hatchery operations.  Monitoring the population and making sure the 
hatchery program adapts to the natural changes occurring in the population, without initiating 
those changes, will be a serious undertaking” (Brannon et al., 2001).  Their report further 
described recommended monitoring and research needs.  To be responsive to these 
recommendations, and because an Adaptive Management Plan was required under the Landsburg 
Mitigation Agreement and the Cedar HCP, SPU undertook to develop an Adaptive Management 
Plan for the Cedar River Sockeye Hatchery. 

The Adaptive Management Plan will guide management decisions toward meeting the following 
objectives presented in the Cedar HCP (page 4.3-17): 

• The replacement sockeye hatchery should be designed with the capacity to produce up to 
34 million fry.   

• The program should be designed to produce fry that are similar in quality to those that are 
produced naturally. 

• The program should avoid or minimize detrimental impacts on the reproductive fitness 
and genetic diversity of naturally reproducing sockeye salmon populations in the Cedar 
River and Bear Creek basins. 

• The program should avoid or minimize detrimental ecological impacts on native 
salmonids throughout the watershed. 

The Adaptive Management Plan is also guided by a number of important provisions listed on 
page 4.3-17 of the Cedar HCP.  These include the need for project guidelines, recognition that 
future results could influence hatchery production levels, specification of funding commitments, 
confirmation of the role of the Parties to the Landsburg Mitigation Agreement in making 
decisions regarding monitoring and production, and a discussion of alternative mitigation.   

An Adaptive Management Plan can be helpful in an undertaking where the complexity of 
biological interactions leads to areas of potentially significant uncertainty in predicting impacts 
of, and responses to, management actions.  In his article “Adaptive Management and Ecological 
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Restoration,” David Marmorek suggests, “Adaptive Management is a problem solving 
environmental management approach … It involves synthesizing existing knowledge, exploring 
alternative actions, making explicit predictions of their outcomes, selecting one or more actions 
to implement, monitoring to determine whether outcomes match those predicted, and using these 
results to adjust future plans” (Murray and Marmorek, 2003). 

Implementation of adaptive management has had mixed results.  The concept has proven useful 
for providing a structure that allows people with differing perspectives to agree to allow 
controversial natural resource actions to proceed, while working together to develop a greater 
understanding of the results.  At the same time, adaptive management has been challenged to 
fully integrate scientific input into management decisions.  Some believe that adaptive 
management has failed to compel hard decisions by managers, in spite of scientific results that 
support these decisions.  Nonetheless, when compared with other options for mitigation of 
potential adverse environmental impacts, adaptive management is often preferred.  This is 
particularly the case when there are significant uncertainties surrounding potential impacts, 
whether the uncertainty relates to the nature of potential adverse impacts or to the extent and 
degree of anticipated adverse impacts.   

Where adverse impacts are more certain, efforts to minimize, avoid, or compensate for those 
impacts may be more easily identified and implemented.  Where the nature or likelihood of 
potential impacts is uncertain, however, identifying measures to effectively minimize or avoid 
them is likewise uncertain and more difficult.  One option in the face of a project’s uncertain 
impacts is to prescribe compensatory mitigation.  While compensatory mitigation may be certain 
to confer some environmental benefit in exchange for uncertain impacts, the benefits conferred 
by compensatory mitigation may have little or no relation to the project’s actual impacts and may 
not directly minimize or avoid those impacts.  Adaptive management, on the other hand, is 
designed to monitor, study, and identify the actual nature of a project’s adverse impacts and 
provide flexibility to address them directly through changes in the project.  Adaptive 
management also provides the flexibility to address issues that are not currently of concern but 
might arise in the future.   

Implementing an AMP, therefore, represents a more biologically responsive approach to 
mitigation than compensatory mitigation.  It is also consistent with hatchery reform initiatives 
that seek to ensure that hatchery programs are operated consistent with maintenance of naturally 
reproducing salmon populations and other watershed goals.   

The Landsburg Mitigation Agreement itself speaks to the uncertainties inherent in the operation 
of the hatchery and the need to manage it adaptively:  

The Parties also acknowledge that available information on certain complex 
ecological, genetic and demographic processes is not complete.  Therefore, the 
City, in cooperation with the other Parties, will sponsor and conduct certain 
studies, as specified in this section E, and act on the results as indicated to 
manage anadromous fish mitigation in an adaptive fashion.  (p.  13) 
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In order to develop an Adaptive Management Plan that takes advantage of the latest experience 
gained through other complex projects, SPU consulted with national experts on adaptive 
management and worked with local independent scientists to develop a plan and the processes 
needed to successfully administer it.  The implementation of the plan will be guided by a variety 
of stakeholders and independent scientists and will have avenues for public review and input.   

The Adaptive Management Plan for the Cedar River Sockeye Hatchery contains the elements 
that adaptive management experts recommend (Murray and Marmorek, 2003): 

• Identification of uncertainties related to the successful mitigation of potential impacts of 
the hatchery;  

• Development of hypotheses to guide the exploration of these uncertainties;  

• Design of a monitoring program that will observe key indices of change in the 
environment;  

• Design and implementation of studies to test the hypotheses; 

• A clear process for objective, scientific evaluation of the results of monitoring activities 
and studies; 

• Development of recommendations that are based on scientific evaluation regarding the 
actions and direction of the sockeye program (e.g., monitoring activities and production 
levels); and  

• Establishment of a decision-making structure that is guided by independent scientific 
input and meant to include a spectrum of stakeholders in a process that will make the 
deliberations transparent to the interested public. 

These elements combine to constitute an evolving feedback loop.  As monitoring results are 
examined and adjustments to operations are agreed upon, new hypotheses may be developed and 
new studies then designed to explore them.  These efforts, in turn, will generate additional 
information, which will be evaluated and used to generate the next set of recommended 
adjustments if monitoring results suggest that changes are needed.   

The sockeye hatchery and its Adaptive Management Plan are both specifications of the City of 
Seattle’s Cedar HCP.  As such they are both subject to Section 7.2 of that Implementation 
Agreement, which states: “Failure by the City to ensure adequate funding to implement the HCP 
may be grounds for suspension or partial suspension of the permit.”  The Landsburg Mitigation 
Agreement commits SPU to spending $3,473,000 (1996 dollars) to monitor the performance and 
potential impacts of the sockeye fry production program (Cedar HCP, p.  4.3-17).  Funding is 
designated for specific activities in specific years over the duration of the 50-year agreement.   

Details of the Adaptive Management Plan and its administrative processes are described in 
Chapter 2.   
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1.6 Worst Case Analysis 

1.6.1 What Constitutes a Worst Case Analysis? 

This FSEIS presents a reasonable worst case analysis focused on the issues noted in the decision 
of the Hearing Examiner.  Under Seattle Municipal Code (SMC) 25.05.080, a worst case analysis 
is required when “information relevant to adverse impacts is important to the decision and the 
means to obtain it are speculative or not known.”  Accordingly, the purpose of this FSEIS is to 
provide information regarding the severity of possible adverse impacts that may occur if the City 
decides to proceed in the face of uncertainty.  SMC 25.05.080 provides that the SEIS must 
“generally indicate … its worst case analysis and the likelihood of occurrence, to the extent this 
information can reasonably be developed.”  

Guidance on the preparation of a worst case analysis under SEPA is somewhat limited because 
40 CFR 1502.22, the federal NEPA regulation that served as the model for WAC 197-11-080 
and by extension SMC 25.05.080, no longer requires a worst case analysis.  The Council on 
Environmental Quality amended 40 CFR 1502.22 in 1986 to remove the worst case analysis 
requirement.  Moreover, there are notable differences between what was the NEPA worst case 
analysis requirement and the current SEPA requirement.  The NEPA regulation provided that: “If 
the agency proceeds, it shall include a worst case analysis and an indication of the probability or 
improbability of its occurrence,” whereas, the SEPA requirement reads: “If the agency proceeds, 
it shall generally indicate in the appropriate environmental documents its worst case analysis 
and the likelihood of occurrence, to the extent this information can reasonably be developed” 
(WAC 197-11-080 and SMC 25.05.080; emphasis added). 

The best guidance available on the proper interpretation of the SEPA/SMC worst case analysis 
requirement is found in the regulatory history of the SEPA rules, and this guidance draws 
attention to the same language emphasized above.  In 1983, the Washington State Commission 
on Environmental Policy, the agency responsible for drafting the SEPA regulations, issued its 
Final Report, entitled Ten Years’ Experience with SEPA.  This report provides the following 
guidance with respect to WAC 197-11-080: 

The rules use the phrase “generally indicate,” recognizing that it is difficult to be 
very specific at such a level of uncertainty.  The requirement for a worst case 
analysis means that a description is given of how bad things could reasonably be, 
recognizing that the nature and detail of this description will depend on the extent 
the information can reasonably be developed.  A worst case analysis is intended 
to be a reasonably probable worst case, and not be an analysis based on an 
extreme application of Murphy’s Law (whatever can go wrong will go wrong). 

Neither this section nor any other in these rules is intended to require as a matter 
of law either a strict numerical probability analysis or a formal risk analysis.  The 
appropriate methodology is intended to be governed by the rule of reason.  It 
should be stressed that the purpose of the SEPA procedures is to help make 
informed decisions about environmental consequences.  An environmental 
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document is meant to serve the difficult job of translating technical analysis, 
whether in the natural sciences or environmental design arts, into information 
which can reasonably be understood and used in the public policy arena.  
Environmental documents are not intended to [be] models of dissertations in 
predictive physical science, but, rather, an effective way to help public officials 
and citizens understand the significance of impacts, built upon relevant 
interdisciplinary analysis. 

Thus, in accordance with this guidance, the worst case analysis SPU has developed and presents 
in this FSEIS is a description of “how bad things could reasonably be … and not an analysis 
based on an extreme application of Murphy’s Law.”  Moreover, SPU has not attempted to 
generate “a strict numerical probability analysis or a formal risk analysis,” but has instead 
generally indicated a worst case analysis in a form that “can be reasonably understood and used 
in the public policy arena.”  SPU recognizes that the underlying purpose of SEPA and this worst 
case analysis is to present information in a useful form to assist decision-makers in making 
informed decisions about potential environmental consequences.   

1.6.2 Methods Used to Develop the FSEIS Worst Case Analysis 

Because there is limited information and published studies specific to the Cedar River Sockeye 
Hatchery relating to the issues identified by the Hearing Examiner for worst case analysis, SPU 
decided to employ a worst case methodology that brought regional and national fisheries experts 
together to discuss the issues in a workshop setting.  SPU invited 15 regional and national 
experts from universities and resource management agencies to a workshop designed to identify 
potential worst case scenarios for identified issues relating to the sockeye fisheries, to discuss the 
likelihood of occurrence for these worst case scenarios, and to discuss possible outcomes.  The 
workshop was held on April 29, 2004, and addressed specific topics identified in the Hearing 
Examiner’s decision.  Three workshop sessions were held concurrently:  

1) Genetics of sockeye salmon within the Cedar River and Lake Washington basin, 
including:  straying of hatchery produced salmon into other breeding populations in the 
basin, homogenization of sockeye salmon populations within the Cedar River system 
itself, and domestication selection. 

2) Predation and competition with other species or stocks for food supply in Lake 
Washington. 

3) Spawning ground competition between sockeye and Chinook, and superimposition of 
sockeye salmon redds onto Chinook salmon redds.   

Each workshop session was attended by four to six recognized experts in these topic areas.  One 
expert at each workshop was assigned to lead the discussion and develop the worst case analysis.  
The workshop sessions included a facilitator and recorder in addition to the session lead.  
Workshop participants had a range of experience that included specific knowledge of the Cedar 
River, knowledge of sockeye and Chinook salmon stocks from both the Cedar River and 
elsewhere, or similarly applicable knowledge from other basins or other species.  Appendix B 
includes a list of the workshop participants.  A summary of each workshop is also provided in 
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Appendix B.  In addition to the workshop participants, observers from interest groups, agencies, 
and other organizations attended but did not actively participate.   

The session co-leads for the genetics issues were Dr. Thomas Quinn from the University of 
Washington and Dr. Craig Busack of the Washington Department of Fish and Wildlife.  The 
session lead for the competition and predation session was Dr. David Beauchamp from the 
University of Washington and United States Geological Survey.  The session lead for the 
superimposition session was Dr. Ernest Brannon from the University of Idaho.   

1.6.2.1 Worst Case Assumptions 

Each workshop participant was provided relevant background materials prior to the workshop.  
The sessions began with background information about proposed hatchery operations and an 
introduction to the issues being discussed.  The workshop participants received a basic set of 
recommended general assumptions about the worst case scenario.  These assumptions, listed 
below, included assumptions related to the intended operation of the hatchery as well as 
assumptions meant to define a reasonable “worst case.  ” 

• It is expected that under normal return conditions, 10% to 20% of the sockeye entering 
the river would be used for hatchery broodstock.  For worst case conditions, it was 
assumed that up to 30% of the sockeye would be used.  This assumption allowed for the 
worst case in miscalculation of run strength and consequent excessive egg take. 

• During low returns, the egg take would be limited so that those returning fish spawned in  
the hatchery would not exceed 50% of the returning adults.  This assumption removed the 
variability that is proposed under the hatchery operating guidelines and maximized the 
impact of hatchery production for the competition and predation analysis.   

• To represent worst case conditions, it was assumed that the Adaptive Management Plan 
would be ineffective at detecting or reducing adverse impacts.  This assumption removed 
the ability to speculate about changes in hatchery management that would be assumed to 
occur in the context of adaptive management, leaving potentially undesirable situations to 
compound over time. 

• Project duration was assumed to be at least 50 years.  This assumption was based on the 
legal length of the HCP commitment, of which the sockeye hatchery is a part. 

• A mixture of natural-origin and hatchery-origin returning adults will spawn in the Cedar 
River, and a similar mixture of natural-origin and hatchery fish will be used as hatchery 
broodstock. 

• For worst case conditions, it was assumed that the escapement goal would be exceeded 
by 20%.  However the superimposition group chose to use 300,000, the current 
escapement goal.This assumption maximizes the impact of higher adult returns on 
superimposition and spawning ground competition, and on competition for food supply in 
the lake by the offspring. 
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Each workshop group also developed additional assumptions specific to its own worst case 
analysis; these are discussed as applicable to each topic in Chapter 3 of this FSEIS. 

1.6.2.2 Characterizing the Likelihood and Magnitude of Worst Case Impacts 

Once the assumptions were established, each workshop group then proceeded to predict likely 
changes that could result from the proposed project, based on their current knowledge of the 
Cedar River system, hatchery operations, and expertise with Chinook and sockeye salmon or 
other species. 

The first step in this process was for each workshop group to identify and agree upon the specific 
“response variables” or parameters that could be used to measure potential impacts of the 
proposed hatchery operations.  These parameters varied, depending on the topic being addressed.  
For example, the parameters for the genetics analysis were changes in fitness and genetic 
diversity; for the predation analysis, the parameter was the percentage change in survival of 
juvenile sockeye or Chinook salmon under worst case conditions compared to current baseline 
conditions.  Upon determining these parameters, the group then assessed (1) the likelihood of 
this type of impact occurring, and (2) the magnitude of the impact.  The scientists indicated their 
assessment based on literature review, personal experience in and understanding of the Cedar 
River system, and understanding of the worst case operating scenarios.  Individual workshop 
participants had the option of using previously prepared blank charts for each response parameter 
or developing their own assessment methods.  All the individuals provided estimates both related 
to the probability of impacts occurring and the magnitude of the impact.   

The likelihood of occurrence and magnitude of impact were typically estimated using ranges of 
percentages—for example, 0% to 10%, 10% to 20%, etc.  Thus, a conclusion about impacts 
might be “less than a 10% chance of a 20% to 30% reduction in survival over the life of the 
project.” Because there is a lack of empirical data, ranges of potential impacts were used.   

The assessments of individual scientists were discussed by the group, and participants could 
indicate adjustments in their evaluations based on those discussions.  Following the individual 
sessions, all participants convened together and the preliminary conclusions of each session were 
shared by the session leads with all participants and observers.  After the workshop, the session 
leads wrote summaries of the workshop and circulated these to the participants for comments.  
The session lead then incorporated the comments as appropriate to complete the summary of the 
workshop deliberations (Appendix B).  The workshop results then formed the basis of much of 
the worst case analysis presented in Chapter 3 of this FSEIS.   

1.7 Major Conclusions of FSEIS 

As noted earlier, this FSEIS focuses on issues identified in the Hearing Examiner’s decision of 
November 12, 2003.  The worst case analyses were developed in workshop sessions with groups 
of experts focused on each issue identified by the Hearing Examiner, including (1) potential 
genetics issues, specifically straying, domestication, and homogenization; (2) predation and 
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competition for food supply; and (3) competition for spawning sites and superimposition of 
redds.  Each workshop session was led by a qualified scientist.   

Workshop participants were provided with a common set of assumptions for a worst case 
scenario.  The groups developed specific evaluation parameters appropriate for their specific 
topics based on their experience and professional judgment.  The workshop participants for the 
issues related to genetics considered potential impacts to fitness and genetic diversity.  The 
workshop participants considering predation and competition for food supply described potential 
impacts in terms of overall fitness of the population, or potential impacts on long-term survival.  
The workshop participants considering competition for spawning areas and redd superimposition 
discussed the worst case evaluation in terms of potential for reduced Chinook salmon survival.  
Participants in each session discussed each parameter in relation to the worst case scenario, and 
the conclusions made during the workshop sessions were used by the session leads to develop 
the worst case evaluations.  The results of these worst case evaluations are summarized below; 
the detailed evaluations are provided in Chapter 3. 

1.7.1 Straying 

The potential worst case impacts of straying on naturally spawning Bear Creek and Lake 
Washington beach subpopulations were evaluated, as discussed below. 

Bear Creek Subpopulation.  The workshop participants concluded that under the worst case 
assumptions used for this analysis, there was a high likelihood that some straying from the Cedar 
River to Bear Creek would occur, but the group concluded that the overall percentage of straying  
from the Cedar River would be low.  The workshop participants also concluded that the expected 
levels of straying could result in a small reduction to the fitness and genetic diversity within the 
Bear Creek sockeye subpopulation, but the probability of a negative impact over the 50-year life 
of the hatchery project is low.  Some scientists in the workshop session expressed concern about 
potential impacts beyond the 50-year life of the hatchery project.   

Beach Spawning Subpopulation in Lake Washington.  The workshop participants concluded 
that under the worst case assumptions used for this analysis, straying from the Cedar River to 
beach spawning areas on Lake Washington is likely to occur, and likely to result in a reduction 
of fitness and genetic diversity within the beach spawning subpopulation.  Because the size of 
the beach spawning subpopulation is small, it could be more likely to show impacts from 
straying.  It is not likely that the beach spawning subpopulation would be eliminated by this 
process over the 50-year life of the hatchery project; however, it is possible that reductions in 
fitness could contribute to the decline of  beach spawners, particularly if other factors also 
adversely affect them.  Under the worst case scenario, the project could result in the loss of 
beach spawning sockeye as a reproducing, distinct subpopulation.  The workshop participants 
found it difficult to apply the “worst case” concept to this subpopulation because its current 
status and prospects for persistence into the future seem to be affected primarily by factors other 
than straying from the hatchery.   
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1.7.2 Homogenization 

Under the worst case assumptions used for this analysis, there is high probability that 
homogenization would occur as a result of hatchery operations, but there would be a low to 
moderate level of reduction in fitness of the Cedar River sockeye as a result.  Under the worst 
case outcome, there would be complete homogeneity within the Cedar River sockeye 
populations, with no genetically different subpopulations within the Cedar River system.  The 
workshop participants concluded that a moderate to low reduction in overall fitness of the Cedar 
River population could reduce the ability of the Cedar River population to react to future changes 
in environmental conditions.  There was no clear consensus among workshop participants about 
the potential impact to genetic diversity as a result of homogenization; however, most of the 
participants felt that the impact would be relatively minor. 

1.7.3 Domestication 

Under the worst case scenario, the workshop participants determined that some level of 
domestication was likely because the hatchery would unavoidably remove some natural selection 
pressures from the hatchery-produced component of the sockeye population.  The workshop 
participants concluded that under the worst case assumptions used for this analysis, some 
reduction in fitness related to domestication is likely.  Because of the operating parameters and 
protocols proposed for the hatchery, the participants concluded that while domestication is likely 
to occur, the reduction in fitness is expected to be low even under the worst case scenario. 

1.7.4 Predation 

Under the worst case assumptions used for this evaluation, there is a low likelihood of increased 
predation on juvenile Chinook in the Cedar River because of hatchery operations.  The workshop 
participants concluded that the hatchery was not likely to change the abundance of predators by 
stimulating increases in the predator population.  The workshop participants thought that there 
could be a slight alteration in spatial distribution of some predators, specifically to the mouth of 
the Cedar River and/or the Ship Canal, but that this would have, at worst, a minor effect on the 
survival of outmigrating Chinook.  Workshop participants generally concluded that the increase 
in the total number of sockeye in the river as a result of the hatchery would “buffer” predation on 
both naturally produced juvenile sockeye and Chinook because of the greater numbers of fry that 
could be targeted by approximately the same number of predators.  The workshop participants 
concluded that the hatchery project is highly likely to have neutral or minor effects on the 
survival of Chinook and sockeye, with a negligible chance of an adverse impact on the survival 
of populations of either naturally produced sockeye or Chinook as a result of the level of 
expected juvenile predation.   

1.7.5 Food Supply and Competition 

The workshop participants felt there is a low likelihood that increased competition for food 
supply by hatchery-produced salmon will affect other salmon in Lake Washington.  Juvenile 
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Chinook salmon in Lake Washington are unlikely to be affected by competition from the higher 
density of juvenile sockeye assumed under the worst case scenario because of differences in 
habitat use and diet between the species, the abundance of prey in the lake, the lack of evidence 
that the interim hatchery’s fry production has affected the food supply in the lake, and the rapid 
growth rate of Chinook in the lake during winter and spring in years when the interim hatchery 
operated.  Similarly, sockeye are unlikely to be affected because the abundance and composition 
of prey in the lake currently do not appear to limit their growth or survival in the lake.  Some 
workshop participants noted that these assumptions are based on current levels of abundance and 
current species composition of prey in the lake, and that factors unrelated to the proposed 
hatchery, such as global warming or the introduction of new exotic species, could change these 
parameters and the resulting conclusions.    

1.7.6 Spawning Ground Competition 

The workshop participants agreed that it is unlikely that spawning ground competition between 
Chinook and sockeye will occur at significant levels.  The workshop participants agreed that 
under the worst case assumptions used for this evaluation, the effect of increased sockeye density 
(leading to avoidance behavior by Chinook) on Chinook salmon selection of spawning sites is 
primarily a nuisance factor, and that the potential risk to Chinook survival from spawning ground 
competition by sockeye salmon is low.  Chinook appear to spend little energy in aggressive 
behavior toward sockeye, while such expense of energy is greater in Chinook-to-Chinook 
interactions.  Chinook may spawn in different areas than they otherwise might have due to the 
presence of sockeye, but this represents avoidance behavior rather than competition with 
attendant energy depletion.  The workshop participants felt that alternate spawning sites used by 
Chinook under these circumstances would likely be equally suitable to potential spawning sites 
occupied by sockeye.   

1.7.7 Redd Superimposition 

Some instances of redd superimposition have been observed in the Cedar River system under 
current conditions, and this is likely to continue under the worst case scenario.  However, the 
workshop participants concluded that even if all Chinook redds in the Cedar River were 
superimposed with spawning activity from sockeye, the likelihood of significant mortality of 
Chinook eggs is low.  This conclusion was based on the assumption that Chinook are known to 
be larger fish than sockeye and hence able to dig deeper redds and displace larger substrate than 
spawning sockeye.  The workshop participants felt that the potential impact to Chinook survival 
from sockeye superimposition under the worst case assumptions used for this analysis is low to 
non-existent.  These findings are consistent with WDFW preliminary data that suggest that a 
high superimposition rate did not result in low Chinook egg-to-fry survival.  It is not known to 
what extent other factors, such as favorable flow, affected overall survival, but the highest level 
of Chinook survival occurred in the year when the superimposition rate was also highest. 
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1.8 Areas of Controversy and Uncertainty 

Areas of controversy relating to this project include an ongoing debate about the appropriate role 
of hatcheries in fisheries management.  While this FSEIS provides new information and analysis 
about potential worst case impacts associated with the Cedar River Sockeye Hatchery, it is not 
likely to resolve the overall controversy relating to the Cedar River Sockeye Hatchery or 
hatcheries in general. 

As with any natural system, there are several areas of uncertainty associated with the analysis of 
the project’s effects on salmon in the Lake Washington system.  Some of the uncertainty is due 
to the emphasis on integrating hatchery and natural-origin components of the population instead 
of developing increasingly separate salmon runs.  This approach is unconventional and its ability 
to avoid or minimize hatchery effects is not known with certainty.  These uncertainties resulted 
in the preparation of a worst case analysis as required under WAC 197-11-080. 

There are several areas of uncertainty relating to potential genetic impacts to salmon in the Lake 
Washington system.  It is difficult to measure the specific effects of genetic changes because 
there are so many factors that affect fish survival in the natural environment.  Genetic changes 
often do not result in immediate or distinct consequences; therefore, there are uncertainties 
associated with how these changes are measured and over what time scales the effects are likely 
to occur.  There is uncertainty over whether the inherent differences between the hatchery and 
the natural environment will create sufficient selection pressure to significantly lower 
reproductive fitness in naturally spawning sockeye using the fish culture strategy associated with 
this program. 

There are also uncertainties relating to the ancestry of Lake Washington sockeye, and the extent 
to which discrete subpopulations exist in either the Cedar River or the larger Lake Washington 
basin.  Because of these uncertainties, the Adaptive Management Plan focuses on the 
measurement and evaluation of indicators of genetic effects.   

There is also uncertainty regarding predation and the competition for food supply in the Lake 
Washington system.  How predators respond to changes in the abundance of food supply is not 
fully understood.  The long-term trends of zooplankton dynamics in Lake Washington are also 
not well understood.  In the absence of direct information, theoretical knowledge and indirect 
measures have been used to assess the potential response of predators to changes in food 
abundance. 

There is limited information, and therefore accompanying uncertainty, regarding spawning 
ground competition and redd superimposition in the Cedar River.  The analysis in this FSEIS 
relied on data or observations in other basins, WDFW data on outmigrant Chinook, and 
observations from the Cedar River.   

The Adaptive Management Plan, which is focused on further understanding of these 
uncertainties, is described in the next chapter.  Specific application of the Adaptive Management 
Plan to each area of uncertainty is further explained in Chapter 3. 
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Chapter 2  
The Adaptive Management Plan 

2.1 What is an Adaptive Management Plan, and how does it 
apply to the Cedar River Sockeye Hatchery? 

An Adaptive Management Plan (AMP) is a framework that is designed to avoid, minimize, and 
mitigate potential adverse environmental effects of a project that may have significant 
uncertainties.  An AMP identifies areas of uncertainty and how project proponents would 
identify and respond to those uncertainties as the project progresses.  The Cedar River and Lake 
Washington are complex natural systems that are also affected by diverse human activities, and 
the ecological interactions that could occur as a result of the proposed hatchery project cannot be 
entirely known even when the hatchery is operational.  The proposed Cedar River Sockeye 
(replacement) Hatchery Project includes areas of uncertainty that warrant development and 
implementation of an AMP.  Therefore, SPU has proposed an AMP based on input from a 
comprehensive range of experts in fisheries research and management.   

Adaptive management is a requirement of the Cedar River Habitat Conservation Plan (Cedar 
HCP) and the Landsburg Mitigation Agreement (LMA).  In early 2000, the City of Seattle 
assembled a special scientific advisory panel that reviewed the status and factors affecting 
sockeye in the Cedar/Lake Washington basin and recommended monitoring, evaluation, and 
research needs.  Their findings and conclusions serve as the guiding principles for The Cedar 
River Sockeye Salmon Hatchery Plan.  The scientific advisory panel is discussed in detail in 
Section 2.2.1.  The AMP is responsive to the recommendations of the scientific advisory panel 
and the recommendations included in other program documents that were developed subsequent 
to the publication of The Cedar River Sockeye Salmon Hatchery Plan. 

The Cedar River Sockeye Hatchery AMP identifies the current state of knowledge about key 
areas of uncertainty, possible hatchery impacts, specific questions or hypotheses to be addressed 
by research and monitoring, possible results, threshold levels that signify potential problems, and 
possible responses.  It defines the decision-making process as well as the roles of the various 
groups that participate in the scientific evaluation and management of the hatchery program.  
The AMP also describes project information that will be accessible to the public and describes 
how the public can provide input to the decision-making process.   

The goal of the Cedar River Sockeye Hatchery AMP is to help the hatchery project meet its 
sockeye mitigation goals while ensuring that risks of long-term adverse impacts to other sockeye 
populations and other anadromous species are minimized through effective monitoring and 
management.  Specific objectives of the AMP that support this goal include: 
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• Addressing the primary technical uncertainties with respect to performance and effects of 
the hatchery program; 

• Promoting a high standard for scientific work so that results are credible; 

• Effectively communicating scientific results to managers; 

• Providing public access to scientific data; 

• Providing opportunity for public input to the decision-making process; 

• Promoting public understanding of decisions; and 

• Utilizing monitoring resources effectively and efficiently. 

The Cedar River Sockeye Hatchery AMP is included in full as Appendix A of this SEIS.  This 
chapter summarizes the following major aspects of the AMP: 

• How the AMP was developed; 

• Goals and objectives of the AMP; 

• Implementation schedule; 

• The uncertainties that the AMP proposes to address; 

• Funding mechanisms; 

• Who participates in the AMP decision-making process; 

• How the AMP process will be made accessible to the public; and 

• The limitations of the AMP. 

The AMP is intended to be flexible and to be adjusted over time as necessary to reflect the most 
current understanding of the Cedar/Lake Washington system.  The AMP is not fixed or rigid but 
is flexible by design and adaptive by definition.  As such, the proposed AMP described in the 
SEIS has been revised from the document described in the FEIS, reflecting additional analyses, 
new information, and other refinements. 

2.2 What process did SPU follow to develop an AMP for the 
Cedar River Sockeye Hatchery? 

2.2.1 Development of Scientific Advisory Panel 

In early 2000 the City of Seattle assembled a special scientific advisory panel as called for in the 
Landsburg Mitigation Agreement (LMA).  The purpose of this panel was to advise the City and 
the other signatory Parties to the LMA in developing plans to implement an effective, 
comprehensive, and biologically sound artificial propagation program consistent with the Cedar 
HCP.  This panel was composed of experts in sockeye salmon biology, Lake Washington 
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ecology, fish diseases, genetics, and recent hatchery reform initiatives.  The experts came from 
the University of Idaho, University of Washington, U.S.  Fish and Wildlife Service, National 
Marine Fisheries Service (NOAA Fisheries), and U.S.  Geological Survey.   

The scientific advisory panel reviewed the status and factors affecting sockeye in the Cedar/Lake 
Washington basin.  Their findings and conclusions serve as the guiding principles for The Cedar 
River Sockeye Salmon Hatchery Plan (Brannon et al., 2001).  The panel’s findings and 
conclusions were accompanied by recommendations for monitoring and research activities that 
they felt would be necessary to address gaps in the science identified during the course of their 
review.  The recommendations from this plan have been used in developing further program 
documents, including the AMP.   

2.2.2 Review of Other AMPs 

The development of the proposed AMP for the sockeye hatchery continued with research into 
past and current efforts by others to implement adaptive management.  No examples of the 
detailed application of adaptive management to hatchery operations were found in the literature; 
however, there were examples of the use of adaptive management in other natural resource 
applications.  In addition to information gathered from this literature review, the Cedar River 
Sockeye Hatchery AMP relies on information gathered from two adaptive management 
workshops sponsored by SPU and Washington Trout in 2001 and 2002.  Regional and national 
experts were brought together to discuss the challenges and lessons learned from previous efforts 
to develop and implement adaptive management programs.  This exchange of ideas and 
experiences provided guidance concerning how the AMP decision-making process should be 
structured to promote open and informed decision-making. 

2.2.3 Writing and Review of the AMP 

The AMP for the Cedar River Sockeye Hatchery was developed by a group of scientists led by 
Dr. Thomas Quinn of the University of Washington with senior technical review provided by 
James Lichatowich1.  The AMP was reviewed by the Cedar River Anadromous Fish Committee 
(AFC)2, which is an advisory committee established in the LMA and composed of scientists and 
stakeholders to provide advice and consultation to the City concerning the implementation of the 
LMA.  Comments from AFC members were reviewed by the authors of the AMP.  These 
comments included questions regarding the level of certainty associated with the effects of 
domestication selection, assumptions about fry survival rates, how future production levels 
would be established, whether measurements of fry-to-adult survival were meaningful 

                                                 
1 Mr.  James Lichatowich is a fisheries biologist whose work has focused on salmon management and research in 
the Northwest.  In 1999 he authored Salmon Without Rivers, a book that provides a critical assessment of salmon 
hatchery programs. 
2 AFC membership currently includes representatives from the City of Seattle, WDFW, NOAA Fisheries, U.S.  Fish 
and Wildlife Service, Muckleshoot Indian Tribe, Trout Unlimited, Puget Sound Anglers, Washington Trout, King 
County, Long Live the Kings, and the public at large. 
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assessments of fitness, and whether there is a need to establish clear thresholds and responses.  
SPU has also sought comment on the draft AMP from the Parties to the LMA and from an 
adaptive management expert, Dr. Barry Gold3, and SPU provided the draft to the Hatchery 
Scientific Review Group4 for their review of the Cedar River Sockeye Hatchery.   

As established in the LMA (Section D.2.d), the Parties to the LMA will agree to the AMP after 
the environmental review process for the hatchery is concluded.   

2.3 What are the goals for the AMP? 

The primary purpose of the AMP is to help the hatchery program meets its two primary goals of 
(1) providing sockeye fry to replace those that could otherwise be produced in habitat above 
Landsburg Diversion Dam, while (2) minimizing long-term adverse impacts to naturally 
spawned sockeye and other species in the Cedar/Lake Washington system.  (See HCP 4.3-12 and 
4.3-17.) 

The AMP will accomplish this by establishing: 

• A starting point for initiating the required research and monitoring of the ecosystem; and 

• A decision-making process informed by scientists that effectively addresses the full range 
of issues that must be considered. 

Because scientific resources are not unlimited, it is necessary to prioritize the studies that are 
needed to address specific areas of uncertainty.  The AMP provides a way to strategically 
coordinate use of resources to derive the maximum benefit.  In addition, the AMP calls for a 
well-managed and timely process to analyze the data and to store the results so that they are 
consistent and retrievable.  The AMP also calls for establishing statistical criteria to be used with 
the various findings, and thresholds of variation that can trigger changes in hatchery operations.  
The AMP also identifies how the monitoring program will be funded and the schedule that 
would be implemented to ensure that information is available so that hatchery managers and 
decision-makers can respond in an informed manner.   

                                                 
3 Dr. Barry Gold is a recognized expert in adaptive management.  Dr. Gold led the adaptive management program 
for the Glenn Canyon Dam Project.   
4 Members of the Hatchery Scientific Review Group (HSRG) are:  John Barr, NWIFC (HSRG Vice Chair); Lee 
Blankenship, Northwest Marine Technology (HSRG Vice Chair); Donald Campton, Ph.D., USFWS; Trevor Evelyn, 
Ph.D., Department of Fisheries and Oceans Canada (retired); Conrad Mahnken, Ph.D., NOAA Fisheries, Manchester 
Research Station (retired); Lars Mobrand, Ph.D., Mobrand Biometrics (HSRG Chair); Lisa Seeb, Ph.D., Alaska 
Department of Fish and Game; Paul Seidel, WDFW; William Smoker, Ph.D., University of Alaska; Thomas Flagg, 
NOAA Fisheries (alternate).  The HSRG was established by Congress in FY2000 to ensure that hatchery reform 
programs in Puget Sound and Coastal Washington are scientifically founded and evaluated; that independent 
scientists interact with agency and tribal scientists to provide direction and operational guidelines; and that the 
system as a whole is evaluated for compliance with scientific recommendations.  Further information on members of 
the group can be obtained at http://www.longlivethekings.org/HRP_HSRG.html. 



July 14, 2005 

Cedar River Sockeye Hatchery Project – Final Supplemental EIS Seattle Public Utilities 
Chapter 2 – Adaptive Management Plan  

2-5 

2.3.1 How will the AMP help the hatchery meet its dual goals of 
increased adult returns and minimal impact to the 
naturally produced fish population? 

An important focus of the AMP is the collection and analysis of monitoring information needed 
for decision-makers and advisory groups when establishing annual production levels.  This is 
important because a specific objective of the hatchery is that naturally produced sockeye should 
compose at least 50% of the total return, on average, over time.  Maintaining this level of 
naturally produced sockeye will maintain natural selection pressures on the Cedar River sockeye 
population as a whole.  Achieving this objective will require hatchery managers to adjust egg 
collection goals over time.  Thus, if natural productivity declines, hatchery production would 
decline as well.  The connection between hatchery and natural production is intended to avoid 
the replacement of naturally produced sockeye with hatchery returns and to highlight the 
importance of maintaining habitat quality and biological viability.  The AMP establishes the 
decision-making framework that will guide the setting of annual production goals.   

A second focus of the AMP is to help the hatchery project meet its mitigation goals by ensuring 
that risks of long-term adverse impacts are minimized through effective monitoring and 
management.  The AMP describes several objectives to direct future research and monitoring 
and suggests how to utilize limited monitoring and research resources effectively and efficiently.  
The AMP identifies technical uncertainties with respect to performance and effects of the 
hatchery program.  The AMP is intended to promote a high standard for scientific work so that 
results are credible and are effectively communicated to decision-makers.  The AMP describes 
how results and the decision-making process will be accessible to the public and describes 
opportunities for public input to the decision-making process.   

2.4 What is the implementation schedule for the AMP? 

While the Cedar River Sockeye Hatchery is not scheduled to be completed and operating until 
2007, the AMP implementation schedule calls for beginning implementation steps in 2005 
following the assumed completion of the environmental review process.  The schedule for AMP 
implementation is described in Table 2-1. 
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Table 2-1.  Adaptive Management Plan Implementation Schedule 

Activity Date 

Final drafts of AMP, capacity analysis, and operating protocols submitted 
to Anadromous Fish Committee for recommendation 

May 2005  August 2005 

Parties to the Landsburg Mitigation Agreement make decision to proceed 
with the AMP 

June 2005 – September 2005 

Parties to the Landsburg Mitigation Agreement approve membership and 
operating guidelines for Technical Work Group (TWG) and Adaptive 
Management Work Group (AMWG) 

June 2006 

Monitoring and Research Parties (MRP), TWG, Independent Scientific 
Advisors (ISA), and AMWG review AMP and operating protocols and 
recommend any changes to refine/modify criteria and thresholds 

July 2006 - January 2007 

Development of data management and monitoring protocols (TWG, ISA, 
AMWG, Parties to the LMA) 

January 2007 

Establish data management system March 2007 

TWG review annual report on hatchery program and provide comments to 
AMWG 

Annually beginning in 2007 

TWG recommend priorities for adaptive management by reviewing 
existing uncertainties and hypotheses and adjusting as needed to provide 
direction for the monitoring program 

Annually beginning in 2007 

TWG review and recommend modifications, if needed, to criteria, 
thresholds, and responses 

Annually beginning in 2007 

Annual operating plan submitted by TWG to AMWG for review and 
approval by Parties to the LMA 

Annually beginning in 2007 

Review monitoring protocols Every 5 years 

2.4.1 What is the first step in implementing the AMP? 

Once the various groups involved in AMP decision-making are formed, an early step in 
implementing the AMP will be to review the AMP.  This review will occur during the year prior 
to beginning operations of the new hatchery.  The primary purpose of this review will be to 
ensure that the people involved with the implementation of the AMP and who are new to the 
process have an opportunity to provide input.   

Several groups, discussed in detail in Section 2.7, will be involved in AMP decision-making and 
will participate in reviewing the AMP before it is implemented.  In particular, prior to AMP 
implementation, the Technical Work Group and the Adaptive Management Work Group will be 
asked to evaluate the list of uncertainties, identify or confirm specific hypotheses for testing, 
review the monitoring program, and review and confirm (or further develop or confirm) criteria, 
thresholds, and possible responses.   
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Adjustments to the AMP are expected during this review as those who will be working on this 
program apply their knowledge and expertise.  For example, the AMP proposes statistical criteria 
to be used with the various research findings, along with thresholds of variation that can trigger 
changes in hatchery operations.  Setting thresholds for specific criteria helps to provide greater 
assurance of response if these thresholds are exceeded.  The Technical Work Group, in 
consultation with the Monitoring and Research Parties, will review these proposed thresholds 
and either confirm them or propose adjustments as appropriate.  These recommendations will be 
reviewed by the Independent Scientific Advisors.  Subsequently they will be reviewed by the 
Adaptive Management Work Group and forwarded to the Parties to the LMA for approval.   

2.5 What uncertainties will be addressed by the AMP? 

A technical team led by Dr. Thomas Quinn identified specific areas of uncertainty that should be 
addressed by the AMP.  They based their analysis on The Cedar River Sockeye Salmon Hatchery 
Plan recommendations (Brannon et al., 2001), comments to the Final EA/EIS for the Cedar 
River HCP, and their own research and professional experience.  In the AMP these areas of 
uncertainty are addressed as “null hypotheses,” following accepted scientific protocol (this is 
explained further in Section 2.5.1).  The areas of uncertainty that the AMP addresses include: 

• The comparability of hatchery-produced and naturally produced sockeye salmon fry; 

• The effects of the project on the reproductive fitness of naturally spawning sockeye; 

• The effects of the project on sockeye populations outside the Cedar River; 

• The effects of the project on Cedar River Chinook salmon; and 

• The effects of the project on the aquatic community in Lake Washington. 

There is sufficient experience with hatcheries elsewhere to justify concern about these effects, 
though it is not certain that they will occur.  The AMP defines key areas of uncertainty so that 
hypotheses can be constructed and tested through monitoring and evaluation.  Information 
generated from this process will provide a basis for scientific evaluation and ultimately serve as 
the basis for changing the program to better meet project goals.  Uncertainties and hypotheses are 
expected to change over time as questions are answered and new ones emerge. 

Chapter 3 of this document includes details about how the AMP will address potential effects of 
the hatchery as reflected in these initial hypotheses.  The discussion here is meant to provide a 
general understanding of the AMP approach and process. 

2.5.1 What is a “null hypothesis” and how is it used in the 
context of the AMP? 

The AMP provides a framework to guide future monitoring and scientific study.  The AMP 
identifies specific questions or hypotheses that need to be addressed through scientific research.  
The AMP presents these questions in the form of direct statements that will be tested using 
targeted scientific studies.  Following scientific convention, these statements are made assuming 
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that there is no relationship among the variables to be studied.  This type of “no relationship” 
statement is known as a “null hypothesis.”  Statistical tests are designed to falsify such null 
hypotheses with stated levels of probability of error.  5 

For example, to address potential differences in fry size between hatchery and naturally produced 
sockeye salmon fry, the AMP includes the following null hypothesis: “At the time of emergence, 
there is no difference in size of hatchery and naturally produced fry.”  This null hypothesis 
assumes that there would be no difference between the size of hatchery-produced fry and 
naturally produced fry.  The next step in the process would be to develop the scientific study plan 
to test this null hypothesis.  The study plan would include detailed sampling procedures and 
sample sizes.  Power analyses would be used to determine how many samples are needed to have 
confidence in the results.  Statistical analysis of the data generated from the sampling would 
determine if there is a significant difference in size between hatchery and naturally produced fry 
(thus disproving the null hypothesis) or if there is no difference in the fry size (thus failing to 
reject the null hypothesis). 

The scientific experts developed several null hypotheses to serve as the basis for a research and 
monitoring program.  The full text of the null hypothesis discussion is included in the AMP 
(Appendix A).  These null hypotheses are summarized in the following sections.  For simplicity, 
the hypotheses are presented here as questions rather than in a null hypothesis format.   

2.5.2 How will the AMP determine whether hatchery-produced 
and naturally produced sockeye salmon fry are 
comparable? 

Until 1991, the Cedar River sockeye population was composed of naturally spawning sockeye 
salmon (after the initial introductions earlier in the century).  Since operation of the interim 
hatchery began, the population has been composed of both hatchery and naturally produced 
sockeye.  The Parties to the LMA intend the hatchery program to maintain the natural attributes 
of this composite population so that all fish can successfully reproduce.  In keeping with this 
intent, one objective of the hatchery program is to keep naturally produced and hatchery-
produced fry “comparable.”  Differences could be important if hatchery fry exhibited a handicap 
or an advantage compared with natural fry that could lead to shifts in the composite nature of the 
sockeye population and ultimately affect the fitness of sockeye that spawn in the river.  The 
AMP directs that answers to the following questions should be pursued through valid scientific 

                                                 

5 Statistical analysis of data from sampling may lead to rejection of the null hypothesis (i.e., to a conclusion that 
there is a difference where the null hypothesis called for no difference).  We recognize that this conclusion, based on 
samples, is not infallible.  Statistical tables allow an estimate of the probability that we have rejected the null 
hypothesis when in fact that null hypothesis is true.  It is common practice among scientists to consider anything 
more than a 5% chance of this kind of error unacceptable, though there are reasons why more or less stringent levels 
of confidence might be called for.  For the purposes of this document, use of terms such as “differences” and 
“different” in a statistical context implies a less than 5% chance of this kind of error, though the actual levels will be 
set through the AMP process. 



July 14, 2005 

Cedar River Sockeye Hatchery Project – Final Supplemental EIS Seattle Public Utilities 
Chapter 2 – Adaptive Management Plan  

2-9 

studies to establish whether hatchery-produced and naturally produced sockeye salmon fry are 
comparable: 

• Is there a difference in migration timing between hatchery and naturally produced fry? 

• At the time of emergence, is there a difference in size of hatchery and naturally produced 
fry? 

• Does the proportion of hatchery-origin pre-smolts correlate with the proportion of 
hatchery-origin fry entering the lake? 

• Is there a significant difference in size of hatchery and naturally produced fry at the time 
of pre-smolt surveys? 

• At the time of pre-smolt surveys, is there a difference in the proportions of hatchery and 
naturally produced sockeye compared to the proportions entering the lake as fry?  

2.5.3 How will the AMP be used to determine if the project is 
having an impact on reproductive fitness in naturally 
spawning sockeye? 

Reproductive fitness is represented by the number of offspring produced per adult that survive to 
reproduce themselves.  There are several factors that contribute to reproductive fitness, including 
the competence of females in selecting, preparing, and defending breeding sites, the number and 
size of eggs produced by females, and the survival of offspring after emergence.  A reduction in 
reproductive success of the naturally produced fish would reduce the overall productivity of the 
system and might cause or contribute to the decline of the naturally spawning population.  The 
AMP directs that answers to the following questions should be pursued through valid scientific 
studies to establish whether hatchery operations are reducing the reproductive fitness of naturally 
spawning sockeye in the Cedar River: 

• Have the size and age composition of the Cedar River sockeye population at maturity 
remained constant? 

• Have the relationships between body size, fecundity, and egg size of female sockeye in 
the Cedar River remained constant? 

• Has the spatial and temporal distribution of spawning sockeye remained constant over 
time? 

• Are there differences in reproductive success between hatchery and naturally produced 
sockeye that spawn naturally in the Cedar River?  

• Has the overall reproductive success of naturally spawning sockeye remained constant 
over time? 

• Has the genetic composition of the Cedar River sockeye population changed over time? 
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2.5.4 How will the AMP be used to determine if the project is 
having an impact on sockeye populations in the Lake 
Washington basin beyond the Cedar River? 

The Lake Washington basin includes other populations of sockeye salmon and kokanee (the non-
anadromous form of sockeye).  Sockeye and kokanee spawn in Bear Creek, Issaquah Creek, and 
other tributary streams, and sockeye also spawn  on some beaches of Lake Washington.  These 
populations contribute to the basin’s biodiversity and the overall production of the species.  The 
AMP directs that answers to the following questions should be pursued through valid scientific 
studies to establish whether hatchery operations are impacting sockeye beyond the Cedar River: 

• Are sockeye from populations other than the Cedar River being harvested in Lake 
Washington at unsustainable levels?  

• Is there a significant rate of straying by Cedar River hatchery sockeye into other 
populations? 

2.5.5 How will the AMP be used to determine if the project is 
having an impact on Chinook salmon in the Cedar River? 

The sockeye salmon hatchery program is designed to minimize or avoid impacts to other 
salmonids in the Cedar River.  The Cedar River Chinook salmon population, one of the other 
salmonid species in the basin, is part of the Puget Sound Chinook Evolutionarily Significant Unit 
that is listed as threatened under the Endangered Species Act.  Chinook and sockeye salmon 
characteristically use somewhat different spawning habitats, but their spawning habitats  overlap 
in the Cedar River.  The AMP directs that answers to the following questions should be pursued 
through valid scientific studies to establish whether hatchery operations are adversely impacting 
Chinook in the Cedar River: 

• Have broodstock collection facilities changed or delayed Chinook migration? 

• Have broodstock collection facilities changed the Chinook spawning distribution? 

• Has the digging activity of sockeye salmon in the Cedar River damaged incubating 
Chinook eggs? 

• Have the additional spawning sockeye in the Cedar River resulted in reduced Chinook 
reproductive success through some other process?  

2.5.6 How will the AMP be used to determine if the project is 
having an impact on the aquatic community in Lake 
Washington? 

Lake Washington serves as the nursery lake for Cedar River sockeye.  The lake is a critical 
rearing and transition habitat between the incubation grounds in the Cedar River (and other 
tributaries) and ocean feeding grounds.  Hatchery production is expected to increase the number 
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of juvenile sockeye salmon in the lake and this may affect the lake’s community.  These effects 
might have ramifications for the hatchery population, naturally reproducing sockeye salmon 
populations in the basin, and other organisms in the lake.  These kinds of effects are difficult to 
predict because of the complex interactions in the food web, uncertainty about the interactions 
among various prey and predators, factors controlling the abundance of various components of 
the community, and uncertainty about the future trends in physical factors that might affect the 
ecosystem.  The AMP directs that answers to the following questions should be pursued through 
valid scientific studies to establish whether hatchery operations are impacting the aquatic 
community in Lake Washington: 

• Is there a relationship between sockeye abundance and sockeye growth in Lake 
Washington? 

• Is there a relationship between sockeye abundance and the survival rate of salmon in 
Lake Washington?  

• Is there a relationship between sockeye abundance and the abundance of other 
planktivorous fishes in Lake Washington? 

2.6 How is the AMP funded? 

The requirement for adaptive management is part of the implementation of the Cedar HCP, 
which represents a long-term commitment by the City of Seattle.  The City funds the Cedar HCP 
primarily from utility rates charged to utility customers or through funds from bond issues which 
are repaid through utility rate revenues.  Section 7.2 of the Implementation Agreement for the 
Cedar HCP states:  “Failure by the City to ensure adequate funding to implement the HCP may 
be grounds for suspension or partial suspension of the [incidental take] permit.”   

The Implementation Agreement specifically references funding commitments for the Cedar 
River Sockeye Hatchery and its Adaptive Management Plan.  Both the Cedar HCP and the LMA 
specify the City’s financial commitments to monitor and adaptively manage the sockeye 
hatchery program to avoid and minimize potential adverse effects to naturally reproducing 
sockeye populations and populations of other salmonids.  (See HCP 4.5-12 and Table 4.5-1 at 
4.5-14.)  Under the terms of the LMA, the City is committed to providing up to $7,678,000 
(1996 dollars) for the design, permitting (including construction mitigation), construction, and 
operation of the new hatchery to replace the interim hatchery (LMA Section D.2.a).  In addition, 
the Cedar HCP and the LMA commit the City to spending $3,473,000 (1996 dollars) on 
monitoring and research to help ensure the success of the mitigation program and to evaluate the 
performance and potential impacts of the sockeye fry production program (see HCP 4.3-16 and 
LMA Section E.3.d). 

In addition, the City of Seattle provides funding to support HCP implementation that 
supplements these amounts. 
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2.7 Who participates in Adaptive Management? 

The adaptive management process involves scientists who conduct research and analyze results, 
policymakers who make decisions about adjustments to the program, and the interested public 
who can provide input in a variety of ways.  The AMP lays out an organizational structure and a 
decision-making process that is meant to make the implementation of the AMP open and 
transparent. 

2.7.1 Who are the decision-makers and what decisions will 
they make? 

Administration of the AMP will require decision-making on a range of issues, including 
allocating funding for research and monitoring; setting annual production levels; and changing 
hatchery management protocols and operations, including ceasing hatchery operations, based on 
the results of monitoring and research activities.  These decisions must be made with the best 
scientific advice and with a transparent process that seeks review from the scientific community, 
agencies, and the public.  The AMP formalizes the decision-making process to involve 
appropriate groups in making recommendations to the Parties to the LMA.   

In accordance with the Cedar HCP and the LMA, the AMP will place ultimate decision-making 
authority in the hands of the Parties to the LMA (WDFW, USFWS, NOAA Fisheries, and City 
of Seattle).  This means that the City of Seattle will not be the only entity responsible for making 
important decisions regarding hatchery operations.  The other Parties to the LMA are the three 
principal federal and state resource agencies with legal responsibility and authority for protecting 
endangered species and fisheries and with knowledge, interest, and expertise regarding potential 
adverse impacts that may be attributable to hatchery operations.  The Parties will exercise direct 
authority over hatchery management and operations.  Should these Parties determine that 
hatchery operations are adversely affecting protected species or otherwise threatening the health 
of the ecosystem, they have the statutory and regulatory authority, in addition to the authority 
they wield as Parties to the LMA and decision-makers under the AMP, to take appropriate action 
to address those impacts (e.g., by imposing restrictions on hatchery operations or by shutting 
down the hatchery altogether). 

2.7.2 Who advises the decision-makers? 

The decision-making structure of the AMP is important in ensuring that the results of scientific 
studies and monitoring are properly reviewed and translated into appropriate management 
responses.  While the Parties to the LMA (listed in Figure 2-1) are the ultimate decision-makers, 
they are supported by a number of groups so that sound science underlies the Parties’ decisions.  
Figure 2-1 conceptually illustrates the interaction between the different groups involved in 
decision-making for the hatchery.  These groups are described below.   
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Figure 2-1.   Groups Involved in Decision-Making for  
Cedar River Sockeye Hatchery  
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who have the qualifications needed to review scientific and technical aspects of the AMP 
activities.  Nominations for appointment to this group will also be solicited from the stakeholder 
groups and the public at large.  Individuals such as college professors and scientists associated 
with state, federal, or tribal organizations or in private practice are anticipated to form the pool of 
specialists from which to recruit.  The Parties to the LMA will select the names of the advisors, 
after soliciting advice from the AMWG.  Products from the ISA will be available for public 
review. 

Monitoring and Research Parties (MRP) would be composed of the individuals carrying out 
the research and monitoring activities.  These individuals would be expected to publish their 
results in peer-reviewed literature and to provide interpretations of their findings in conferences 
and at meetings of AMP committees.  Their functions would include: (1) taking input from the 
TWG, AMWG, and ISA in developing and implementing monitoring and research activities; (2) 
developing and implementing monitoring and research plans that respond to identified technical 
and management needs; (3) participating in review processes to ensure the quality and 
independence of the work; and (4) providing the results and data from their studies in a timely 
manner. 

Hatchery Management consists of the managers who are responsible for the day-to-day 
operations of the hatchery.  This group would focus on applying scientific knowledge to the 
operations and management of the hatchery through the guidance provided by the AMWG and 
Parties to the LMA.  This entity would be responsible for implementing actions as directed by 
the AMWG and Parties to the LMA, for implementing activities under its own authority 
(personnel matters, cost savings management), and for developing recommendations regarding 
changes in operations, policy, or management actions to the AMWG.  Annual management 
reports will be available for public review. 

2.7.3 How will the Parties to the LMA ensure that the scientific 
information and the decision-making process are 
accessible to the public?  

Public involvement plays a critical role in providing extended review of scientific findings and of 
recommendations made by the AMWG to the Parties to the LMA.  The public will have access 
to information and recommendations, the opportunity to listen to committee deliberations, and 
the chance to provide comments to committees and decision-makers.  A transparent, predictable, 
and reliable decision-making process will help to ensure that the AMP is effective and that the 
information collected is used by decision-makers to guide operational decisions.  The AMP 
includes the following guiding principles to ensure that both the data collected and the decision-
making process are accessible to the public: 

• The design and results of monitoring and research programs should be independently 
reviewed by qualified peer reviewers. 

• Interested parties would be provided access to available information as well as to the 
process for full and timely participation in proposals and recommendations. 
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• The Parties to the LMA will seek consensus opinions when evaluating the biological 
results and when decisions are made. 

• If a consensus opinion cannot be reached in the technical groups or in the AMWG, then 
recommendations will include both the majority and minority opinions. 

2.8 What are the limitations of the AMP? 

The Parties to the LMA consider the AMP to be an effective tool to assist the Parties in 
achieving the dual objectives of promoting the recovery and enhancement of the Cedar River 
sockeye population while avoiding and minimizing adverse effects.  However, decision-makers 
and the public should recognize that the AMP cannot guarantee that adverse effects will be 
detected or fairly attributed to the operations of the new hatchery.  The use of adaptive 
management, in contrast to traditional mitigation approaches, is intended to directly address 
adverse impacts in the face of the uncertainties of a complex biological system.  Still, there is no 
guarantee that adverse effects that could occur can be effectively reversed or otherwise 
ameliorated by adjustments to operations of the new hatchery.  Hence, the option of ceasing 
operations of the hatchery must remain among the options available to the Parties to the LMA.  
Adaptive management is becoming widely recognized as an important part of natural resource 
management.  The implementation of the Cedar River Sockeye Hatchery AMP is expected to be 
closely monitored by the federal, state, and local governments that are bound by legal 
agreements to implement it.  The public will have access to information and the adaptive 
management process to allow them to monitor the project as well. 
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Chapter 3  
Worst Case Analysis 

3.1 Introduction 

The November 12, 2003 decision by a City of Seattle Hearing Examiner directed that an SEIS be 
prepared to provide a worst case analysis for potential significant impacts from operation of the 
hatchery on native fish stock.  The following areas were included in these analyses:  

• Genetics, including straying, homogenization, and domestication;  

• Predation;  

• Competition with other species for food supply;  

• Competition for spawning areas; and  

• Superimposition of sockeye redds on Chinook redds.    

The worst case analyses were developed from discussions among scientists at a workshop 
conducted in early 2004.  Refer to Section 1.6.2 in Chapter 1 for a description of the workshop 
process.  The workshop summaries are included as Appendix B of this SEISFSEIS. 

This portion of the SEISFSEIS supplements the FEIS for the Cedar River Sockeye Hatchery 
Project (SPU, 2003) and does not repeat information included in the FEIS, except where such 
information is necessary to provide a context for new information presented in the SEISFSEIS.  
The remainder of this chapter is organized mainly in a question and answer format.  For each 
topic identified by the Hearing Examiner for worst case analysis, the following questions are 
addressed: 

• What parameters were used to evaluate worst case impacts? 

• What worst case assumptions were used in the analysis? 

• Why is this topic a concern for the project? 

• What did the workshop participants conclude related to this topic? 

• What is the likelihood that this worst case impact will occur? 

• What is the potential magnitude of the worst case impact? 

• What can be concluded about the worst case scenario?   
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Following the questions and answers, each section then addresses the primary areas of 
uncertainty related to the topic, followed by a discussion of how the Adaptive Management Plan 
(described in Chapter 2) may be applied to reduce or mitigate the potential worst case impact.  
The chapter concludes with a description of potential cumulative impacts. 

3.2 Genetic Impacts  
(Straying, Homogenization, Domestication) 

3.2.1 Context/Background of Potential Impacts 

3.2.1.1 What parameters were used to evaluate worst case impacts related to 
genetics? 

Before evaluating potential genetic impacts, the workshop participants identified what 
parameters (measurable outcomes) would be most appropriate to use as a measure of potential 
impacts.  The group discussed several possible parameters, but after considering such factors as 
the size and structure of the Lake Washington sockeye salmon population, they determined that 
fitness and genetic diversity would be the most appropriate parameters to use in measuring 
genetic impacts.  These parameters are defined below: 

Reduction in reproductive fitness.  The term fitness has many definitions.  The workshop 
participants defined fitness as the ability of naturally spawning fish to produce offspring that 
survive to successfully reproduce.  In the context of genetics, different traits are known to 
contribute to the overall fitness of a population.  For example, traits such as the date of breeding 
and size of eggs can affect the survival of young salmon and are under partial genetic control.  
However, it is important to consider that many factors affect the production of offspring by 
salmon.  Climate-related factors such as flooding, water temperature, and survival at sea can 
result in mortality that affects the total number of fish that return to spawn, and this affects the 
numbers of fry produced in the next generation.  The density of spawning adults can also affect 
the production of juveniles.  For the purpose of isolating potential worst case genetic impacts, 
fitness as applied in this context was defined by the workshop participants as being independent 
of these non-genetic environmental factors.  The assumption was that if environmental factors 
could be controlled (at least in a statistical sense), observed declines in productivity over 
successive generations of fish (i.e., fitness) could reasonably be attributed to genetic factors.  
Specific experiments demonstrating such reduction in fitness have not been conducted for Lake 
Washington sockeye salmon, but this approach was assumed to be based on sound scientific 
principles. 

As noted above, there are many sources of variation in survival in Lake Washington and the 
marine environments through which sockeye salmon migrate.  Consequently, the workshop 
participants recommended using the per capita production of downstream-migrating fry as the 
index of fitness rather than returning adults.  They assumed that the factors hypothesized to 
decrease the fitness of naturally spawning salmon would affect the production of fry per female.  
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Subsequent life history stages were believed to introduce more variation (hence hindering the 
detection of effects) but not to affect the fundamental productivity of the spawning adults.  The 
workshop participants therefore recommended that fitness be quantified as the number of 
sockeye salmon fry produced, divided by the number of spawning adults, after adjustment for the 
effects of environmental and density-dependent factors shown to affect fry production.  For 
example, a 10% reduction in fitness would be defined as a 10% reduction in the number of 
salmon produced per female sockeye salmon, after adjustment for the effects of environmental 
and density-dependent factors. 

Reduction in genetic diversity.  Unlike fitness, genetic diversity is not specifically a measure of 
reproductive success.  Genetic diversity is a broader concept that describes the overall variation 
of genes that are possible within an entire population at a given time, commonly referred to as 
the “gene pool.”  The more genetic variation there is in a population, the better the chance that at 
least some individuals will have a trait that would allow them to survive and reproduce under a 
stressful condition in the future.  Temperature increases as a result of climate change or the 
advent of new diseases are two examples of potential future stresses.  The workshop participants 
agreed that reductions in genetic diversity do not necessarily mean that reductions in fitness will 
follow; in fact, under stable environmental conditions a population with less diversity might have 
greater overall fitness.  There is no unequivocal link between genetic diversity and specific levels 
of fitness.  However, genetic diversity was included in the worst case assessment because of the 
potential for future changes to the environment, and the belief by workshop participants that 
higher levels of genetic diversity will better equip the population as a whole to persist through 
such changes.     

One way in which genetic diversity is estimated is through levels of variation in genes that are 
not known to be influenced by selection pressure.  Many genes occur in a number of variant 
forms, and possession of one form or the other appears to confer neither advantage nor handicap 
under present conditions.  Populations with high levels of variation in these “selectively neutral” 
traits are assumed to have higher levels of diversity in traits related to fitness as well.  A decline 
in the level of variation in these genes might signal a decline in overall genetic diversity.1   

The workshop participants identified that both of these parameters (reductions in fitness and 
genetic diversity) contain some uncertainty given our current understanding of genetics.  
However, the group concluded that the use of these parameters as indicators of potential impacts 
was valid based on sound scientific principles.  The uncertainty related to these parameters is 
summarized in Section 3.2.5 and discussed in more detail in the workshop summary in 
Appendix B.   

                                                 
1 Although the term “gene frequency” was used during the genetics workshop, for the purposes of this discussion, 
the more general term “genetic diversity” is used.  See the workshop summary in Appendix B for additional details.   
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3.2.1.2 What assumptions were used in the worst case analysis of genetic 
impacts? 

In addition to the general assumptions for worst case outlined in Chapter 1, Section 1.6.2, the 
following assumptions were used in the analysis of genetic impacts: 

• Adult sockeye (broodstock) would be collected at a location as far downstream as 
possible on the lower Cedar River.     

• Hatchery protocols will result in a running average of no more than 50% of the adults 
returning to spawn being of hatchery origin.   

• No more than 50% of the total return of sockeye would be taken for hatchery 
broodstock, and at least 10% of the broodstock would be non-hatchery adults in any 
given year. 

• The impacts of straying, homogenization, and domestication can each be evaluated 
using the same parameters: (1) fitness, and (2) genetic diversity.   

The following “worst case” assumption was used for genetic impacts: 

• The number of spawning sockeye might exceed the current escapement goal of 
300,000 by 20% due to imprecision in managing harvest.  This assumption was to 
establish a worst case for the number of adults returning to the Cedar River. 

Additional assumptions specific to each of the genetics topics are provided in the following 
sections where applicable. 

3.2.2 Worst Case Analysis for Straying 

3.2.2.1 Why is straying a concern for this project? 

Straying occurs when individual sockeye salmon returning from the ocean to spawn do not return 
to the stream or river in which they reared (their natal stream) but rather enter and spawn in a 
different stream, river, or other spawning area.   

Sockeye in the Lake Washington basin spawn in discrete locations.  These include the Cedar 
River, certain Lake Washington beaches, Bear Creek, Issaquah Creek, and other smaller 
tributaries.  For example, a sockeye that was spawned in the Cedar River would be considered a 
stray if it returned not to the Cedar River but to Bear Creek to spawn.  While most salmon return 
to spawn in their home streams, straying is a behavior that occurs naturally in salmon 
populations and is the mechanism that allows salmon to colonize new habitats.   

Increased straying is sometimes attributed simply to hatchery production.  However, the 
scientific evidence is equivocal on the subject of whether hatchery rearing per se increases the 
tendency of salmon to stray.  It is known that straying is associated with specific practices used 
in releasing hatchery fish.  Some hatchery management practices that can increase levels of 
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straying include releasing fish into streams from hatcheries that are not located in the same basin, 
or releasing them at times of the year that are not natural for that population or where adults have 
difficulty accessing home systems.  For the proposed hatchery, release location, release timing, 
and access to spawning areas would not be expected to increase straying because of management 
protocols expected to be in place.  Nevertheless, some straying of Cedar River sockeye including 
those from the hatchery would be expected because this is in the nature of all salmon. 

Sockeye breeding in the Cedar River, in Bear Creek and other tributaries, and on the Lake 
Washington beaches exhibit different traits that may have evolved as a result of natural selection 
pressures within the distinct breeding subpopulations.  These traits include differences in use of 
habitat, in the timing of spawning, hatching, and emergence, in fry size at emergence, and in 
body size and/or shape.  Participants in the workshop noted that because of the relatively recent 
introduction of sockeye, this species may still be evolving toward a suite of locally adapted traits.  
For the purpose of the worst case evaluation, it was assumed that these differences do exist and 
are meaningful.   

The NOAA Fisheries status review of sockeye (Gustafson et al., 1997) found that Bear Creek 
sockeye may represent an indigenous Lake Washington sockeye population (sockeye that 
occurred within the Lake Washington basin before the construction of the Hiram Chittenden 
Locks and the introduction of non-indigenous sockeye salmon).  However, the definitive 
existence of such a population has not been established, and there have not been direct studies of 
the genetic similarities between Bear Creek sockeye and a potentially indigenous Lake 
Washington sockeye.   

Some studies have found that sockeye in Bear Creek differ genetically from other Lake 
Washington sockeye.  Historical references from the early 1900s report relatively large numbers 
of kokanee salmon in Bear Creek and reference an apparent lack of sockeye salmon.  (Jordan and 
Starks, 1895; State Division of Fisheries Report, 1932; Royal and Seymour, 1940).  Some 
research suggests that sockeye in the Cedar River, Issaquah Creek, and beach spawners may be 
more closely related to each other and to sockeye from populations that are known to have been 
introduced into the basin (notably Baker Lake, in the Skagit River system) than they are to Bear 
Creek sockeye (e.g., Hendry et al., 1996).  However, Spies (2002) concluded that all sockeye 
populations in the Lake Washington basin are likely derived from Baker Lake stock.   

Thus, there are differing scientific views on the origin and differences between sockeye 
populations in the Lake Washington basin.  Even with this uncertainty as to the level of 
differentiation among various populations, it is likely that, over time, reproductive isolation 
would allow the populations to develop some genetic differences related to the traits that give 
them a reproductive advantage in each of these geographic areas.   

An important factor related to straying is the relative size of the various subpopulations.  Based 
on current population levels, Bear Creek and beach spawning adults represent a small component 
of the larger Lake Washington sockeye population, ranging from a low of approximately 1% in 
1989 up to approximately 17% in 2000 for Bear Creek, and from a low of less than 1% in 1991 
to approximately 3% for Lake Washington beach spawners.  Accurate counts for Lake 
Washington beach spawners are not available (S.  Foley, WDFW, personal communication, 
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2004).  So, if even a relatively small proportion of Cedar River-origin fish strayed, they could 
represent a relatively large proportion of the total number of spawners in either of the smaller 
Bear Creek or beach spawning subpopulations.   

Therefore, straying is a concern for this project for two main reasons: 

First, the Bear Creek sockeye might represent a distinct subpopulation within the Lake 
Washington basin.  This is important because NOAA Fisheries provisionally determined the 
Bear Creek population to be distinct for purposes of Endangered Species Act protection, 
although it is not believed to be presently in danger of extinction and not likely to become 
endangered in the foreseeable future if present conditions continue (Federal Register, Vol.  63, 
No.  46, pp.  11749-11771).  The beach spawning sockeye are apparently of non-native origin 
and genetically similar to Cedar River-origin sockeye; however, they exhibit physical and 
behavioral traits that indicate they are diverging into a unique subpopulation.  Sockeye in Bear 
Creek are presumably better suited to spawning and incubation conditions in Bear Creek, and 
sockeye from the beach spawning subpopulation are presumably better suited to spawning and 
incubation in habitats along the Lake Washington shoreline.  Cedar River sockeye presumably 
are less suited for breeding in other streams (such as Bear Creek) or on the beaches of Lake 
Washington.  Therefore, significant straying of sockeye from the Cedar River that results in 
interbreeding could reduce the fitness of sockeye in the Bear Creek or beach spawning 
subpopulations.  This reduction in fitness does not specifically depend on changes in the Cedar 
River population that might arise from the hatchery (though such changes might exacerbate the 
matter).  Rather, the basic concern is that the Cedar River fish are presumably better adapted for 
the Cedar River than they are for Bear Creek, and so by breeding in Bear Creek or by 
interbreeding with Bear Creek fish they would reduce the average fitness of fish in Bear Creek.   

A reduction in fitness could occur in a variety of ways.  For example, Cedar River female 
sockeye are generally larger than Bear Creek female sockeye (Hendry and Quinn, 1997).  One 
hypothesis is that in the Cedar River, larger body size may be an advantage in being able to build 
a nest in the larger substrates of the river bottom.  This same trait of larger size could be a 
disadvantage in Bear Creek because it may reduce access to suitable spawning areas or increase 
mortality as a result of stranding in the shallower water of the smaller stream. 

Second, straying of sockeye from the Cedar River could also reduce the genetic diversity of 
subpopulations in other Lake Washington tributary streams or beaches.  Hypothetically, rampant 
straying might cause all subpopulations within the basin to be genetically similar, and the loss of 
diversity within any component might reduce the capacity of that component (hence the system 
as a whole) to resist some environmental adversity in the future.  As stated earlier, genetic 
diversity may not be directly related to fitness.  However, genetic diversity may affect the ability 
of a population to adapt to future challenges, such as new diseases or changes in climate.  
Genetic variation improves the chance that at least some individuals will be able to survive and 
reproduce under future conditions.  For example, Bear Creek fish may have genes that result in a 
trait that does not provide a specific benefit at this time, but may be beneficial at some time in 
the future.  The presumption is that genes introduced from straying Cedar River-origin adults 
that interbreed with Bear Creek-origin adults or beach spawning adults could result in offspring 
that are genetically more similar to their Cedar River parents than their Bear Creek or beach 
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spawning parents.  This decrease in diversity could, someday, manifest itself in a reduced ability 
of the Bear Creek or beach spawning sockeye subpopulation to respond to some future 
environmental challenge. 

There is a paradox surrounding the effects of straying between populations.  The more distinct 
the populations are in their adaptive traits, the more we might worry about the consequences of 
straying.  However, the more distinct the populations, the less likely it is for strays to 
successfully reproduce, and indeed straying may be less common between more discrete 
populations, so in this way straying is less likely to affect the genetic makeup of the populations. 

3.2.2.2 What did the workshop participants conclude related to straying?  

The workshop participants reached several key conclusions related to the worst case analysis for 
straying (below).  See the workshop summaries in Appendix B for additional details. 

Rates of straying from the Cedar River to Bear Creek under the operation of the interim 
sockeye salmon hatchery are low.  Some level of straying is expected in salmon populations.  
However, evidence indicates that the rates of straying by hatchery-produced fish from the Cedar 
River to Bear Creek (and by extension, other tributaries at the north end of the lake) are very 
low.  WDFW examined otoliths from 1,219 Bear Creek sockeye salmon from 1998, 1999, and 
2000 and did not find a single fish with the distinctive marking patterns that would have 
identified it as a hatchery fish from the Cedar River (Fresh et al., 2001).  The marking technique 
and ability to detect marks are not in question, so the conclusion is that Cedar River hatchery fish 
must have composed, at most, a very small proportion of the spawners in Bear Creek in those 
years.  The workshop participants felt that a few strays may have been missed by chance, so the 
true level of straying from the Cedar River to Bear Creek was not assumed to be zero for worst 
case conditions, but it is probably on the order of 1% or less.   

On average, the Cedar River produces about 10 times as many adult sockeye salmon as does 
Bear Creek.  Thus if 1% of the Cedar River sockeye strayed, they would constitute on the order 
of 10% of the sockeye in Bear Creek.  Such straying levels, if they were occurring, would likely 
have resulted in recovery of marked hatchery strays.  After the workshop concluded, a more 
extensive evaluation was conducted by Dr. Thomas Quinn, based on WDFW data provided by 
Steve Foley to SPU including counts of adult salmon in the Cedar River and Bear Creek.  Dr.  
Quinn attempted to refine the estimate of the straying rate of sockeye salmon from the Cedar 
River into Bear Creek based on monitoring results.  Dr. Quinn’s analysis of this issue, included 
in Appendix B, determined that a straying rate of up to 0.2% is appropriate, based on evaluation 
of the estimated survival rate of hatchery fish and observed straying in Bear Creek. 

Rates of straying to beaches may be higher.  A higher rate of sockeye straying is anticipated 
from the Cedar River to the Lake Washington beaches because the beaches are closer to the 
mouth of the river.  Examination of natural variation in otolith banding patterns (which is less 
reliable than use of marked otoliths for determining the origin of individual fish) by Quinn et al.  
(1999) revealed fish on the Pleasure Point beach that had apparently strayed from the Cedar 
River.  However, the authors did not quantify the proportion of Cedar River fish that these 
apparent strays might have constituted.  In addition, the beach subpopulations have fewer 
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spawners than Bear Creek (in recent years), so a given percent of strays from the Cedar River 
would constitute a higher percent of the fish in the beach subpopulation than it would in the Bear 
Creek subpopulation. 

Hatchery-produced sockeye salmon might have a greater tendency to stray than naturally 
produced Cedar River sockeye salmon, though data are mixed.  Limited data are available, 
but study results do not agree about the effects of routine hatchery practices on straying.  
McIsaac (1990) concluded that hatchery practices increased straying by Lewis River Chinook 
salmon, whereas Labelle (1992) concluded that straying of coho did not increase as a result of 
hatchery practices on Vancouver Island.  Off-site releases can increase straying behavior (Quinn 
1993), and abnormal timing of release (i.e., at an unnatural time of the year) can also elevate 
straying (e.g., Unwin and Quinn 1993).  Thus, increased straying rates may be attributed to 
specific hatchery practices but it is unclear whether hatchery rearing necessarily increases 
straying.  An increased tendency of hatchery-produced fish to stray has not been demonstrated 
during the operation of the interim hatchery (Fresh et al., 2001).  However, it is unknown if the 
tendency to stray could change under the proposed hatchery management plan because the 
proposed hatchery will have facilities for short-term rearing, and both broodstock collection and 
hatchery release practices will be somewhat different than they are with the current interim 
hatchery.  The workshop participants also discussed the possibility that future, currently 
unplanned hatchery management decisions could increase straying rates.  Particularly, if sockeye 
fry from the hatchery are released at or near the mouth of the Cedar River, returning adults might 
be more likely to stray because they may not imprint strongly enough on the Cedar River to 
return there to spawn.  Because of these uncertainties, a rate of straying above the 0% observed 
by Fresh et al.  (2001) was assumed to be likely under the worst case scenario.   

Greater numbers of returning sockeye could increase the total numbers of straying fish.  
Straying could increase as a result of higher numbers of adult spawners resulting from the 
proposed hatchery.  While the intent is that increased numbers of returning adults would be 
offset by higher numbers taken by the recreational and tribal fisheries in Lake Washington, the 
assumption under the worst case scenario is that 20% more adults could return above current 
escapement goals.  Assuming that the straying rate is not density-dependent (that is, the overall 
rate of straying remains constant as the total numbers of spawning sockeye salmon in the Cedar 
River increase as a result of hatchery production), and accounting for the worst case assumption 
that straying rates from the Cedar River to Bear Creek could be as high as 0.2%, the overall total 
number of strays could increase simply as a result of having more fish in the system. 

3.2.2.3 What is the likelihood that straying will occur? 

There are no data to suggest that Cedar River hatchery returns stray into Bear Creek.  However, 
as stated above, the level of straying from the Cedar River to Bear Creek may not be zero but 
statistical analysis suggests that, at worst, it is probably not greater than 0.2% under existing 
conditions.  Rates of straying to Lake Washington beaches may be higher than in Bear Creek.  
The workshop participants concluded that the total number of straying fish may increase as a 
result of increased adult returns to the river.  The workshop participants also identified the 
potential that increased rates of straying could occur in the future as a result of management 
decisions that deviate from current planned operations.  Therefore, the consensus among the 
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workshop participants was that, under the worst case assumptions, an increased number of strays 
between the Cedar River and Bear Creek and/or the beach spawning subpopulations has a high 
likelihood of occurring as a result of the proposed sockeye salmon hatchery.   

3.2.2.4 What is the potential magnitude of impact from straying? 

The following sections address the magnitude of worst case impacts resulting from straying to 
Bear Creek and to Lake Washington beaches.  The discussion addresses the number of strays, 
impacts to fitness, and impacts to genetic diversity for these two subpopulations of sockeye.  The 
workshop participants expressed a range of opinions about the potential magnitude of impacts.  
There was a greater range of opinions expressed about the potential magnitude of impacts from 
straying compared with the opinions relative to the likelihood that straying would occur.  The 
potential impacts to fitness were defined as potential percentages of fitness reduction (i.e., 
reductions in the future production of offspring by naturally spawning salmon).  Because of the 
range of opinions expressed by the workshop participants, the results are expressed as the 
median of the values identified by the participants, and the extremes on both ends of the 
spectrum are indicated.  Because these values are shown as medians, they do not necessarily add 
up to 100%.  Medians were reported rather than means because the values were not normally 
distributed (i.e., not the classic “bell-shaped,” symmetrical distribution). 

Overall, the level of concern about straying from the Cedar River hatchery into tributary 
populations in the basin was low.  The lack of concern stemmed mainly from (1) the empirical 
evidence from WDFW research indicating an exceedingly low occurrence of strays into Bear 
Creek (undetected in 1,219 fish examined), (2) the geographical isolation of the Cedar River 
from the other main spawning sites, (3) a sense that significant straying by sockeye salmon is 
generally uncommon, and (4) a sense that a low level of straying occurs naturally and probably 
causes little or no harm.   

3.2.2.5 Bear Creek Subpopulation 

Number of strays.  The workshop group concluded that some straying of sockeye to Bear Creek 
occurs at low levels (up to 1%) based on current data and general assumptions about the role of 
straying in salmon life histories.  Further analysis done for this worst case analysis refined this 
estimate to 0.2% or less (Appendix B).  Assuming an adult sockeye return to the Lake 
Washington basin of 360,0002 adults (mixed hatchery and naturally spawned), a 0.2% rate of 
straying would result in up to 720 strays from the Cedar River annually.  Using a worst case 
assumption that all of these strays move to Bear Creek and that they all are of hatchery origin, 
this would result in 720 total Cedar River strays per year entering Bear Creek.  Based on an 
average of 17,600 adult sockeye returning to Bear Creek each year (average 1982 to 2000; 
WDFW unpublished data), a 0.2% stray rate of Cedar River sockeye would therefore result in 
strays composing 4.1% of the Bear Creek sockeye subpopulation annually.  However, it is likely 

                                                 
2 This number is based on the worst case assumption that returns could be 20% higher than anticipated due to 
imprecision in managing harvest.  See Section 3.2.1.2. 
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that only a portion of these strays would actually be hatchery-origin strays, and only a portion of 
those would be a result of increased hatchery production.  Some of these strays would likely 
come from naturally produced sockeye and some would come from the level of hatchery 
production that currently exists. 

Impacts to fitness.  The workshop participants concluded that a level of straying up to 1% 
would be anticipated to result in a high likelihood (median value of 95% chance of occurrence) 
that the Bear Creek sockeye subpopulation would experience less than a 10% drop in 
reproductive fitness over the 50-year assessment period.  (The more refined worst case 
assumption of 0.2% Cedar River strays, even assuming all strays are from the hatchery, would 
likely result in a substantially lower level of impact.)  The chance of a 10 to 20% reduction in 
fitness was estimated by the workshop participants at a median value of 5%.  The estimates made 
by the individual workshop participants varied, depending upon the assumptions made, but five 
of the six scientists performing the evaluation noted that there was at least a 90% probability that 
the reduction in fitness would be between zero and 10%.  The sixth scientist expressed a higher 
level of concern; however, he assumed that releases would be made to the lower river or the 
mouth of the river, and that the straying rate from the Cedar River would increase to 5% to 10% 
of the population within 5 to 10 generations. 

Impacts to genetic diversity.  A straying level of up to 1% was anticipated to result in a high 
likelihood (estimated at a median 90% chance of occurrence) that the Bear Creek sockeye 
subpopulation would experience less than a 10% reduction in genetic diversity.  The chance of a 
10% to 20% reduction in genetic diversity was estimated at a median value of 8%; the chance of 
a 20% to 30% reduction was estimated at a median value of 5%.  These estimates do not indicate 
that equivalent reductions in fitness would follow, given that there is no unequivocal link 
between measures of genetic diversity and quantifiable measures of fitness such as number of 
offspring.   

3.2.2.6 What can be concluded about the impact to the naturally spawning Bear 
Creek sockeye subpopulation from straying? 

Under the worst case assumptions, the workshop panel estimated that straying from the Cedar 
River is likely to result in a small reduction of fitness and genetic diversity within the Bear Creek 
sockeye subpopulation.  However, this reduction is not anticipated to result in the loss of this 
group as a distinct subpopulation.  This conclusion is based on the following factors: 

• Empirical evidence shows that straying from the interim Cedar River hatchery has 
been low (Fresh et al., 2001). 

• Low levels of straying are assumed to occur naturally in these populations. 

• The new hatchery is not anticipated to result in higher straying rates than those that 
occur with operation of the interim hatchery if the new hatchery follows proposed 
operating protocols.   

• Some increase in the number of strays as a result of increased numbers of fish from 
the Cedar River would likely occur regardless of whether the fish were from a 
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hatchery or naturally produced.  Increases in quality habitat (resulting from Cedar 
HCP investments and investments by others) and higher hatchery returns are expected 
to contribute to increased numbers of naturally spawning sockeye, and thus more 
strays. 

• While it is likely that, under worst case assumptions, there will be some decrease in 
fitness and genetic diversity in the Bear Creek subpopulation, there is only a small 
chance that it would be significant.  The more significant the differences between 
Bear Creek and Cedar River fish, the more resistant the Bear Creek population will be 
to influence by strays.   

In summary, there is a high probability that a minimal level of straying will occur, and indeed 
such straying is probably occurring at present, as it is assumed to be common among salmon 
populations.  However, even under worst case assumptions, the anticipated rate is so low that the 
probability of a negative impact is low over the 50-year life of the hatchery project.  Therefore, 
both the probability of a significant increase in occurrence and level of impact are considered to 
be low.  Some scientists in the workshop group expressed concern about the potential for impacts 
beyond 50 years.  It is difficult to project the impact of straying relative to other factors, such as 
watershed development, global warming, and others.  Therefore, this worst case analysis is 
limited to the anticipated design-life of the facility.   

3.2.2.7 Beach Spawning Subpopulation 

As stated earlier, a higher rate of straying to beach spawning areas from the Cedar River is 
anticipated because the beaches are closer to the river mouth than is Bear Creek.  Also, impacts 
to sockeye fitness and genetic diversity are anticipated to be higher for the beach subpopulation 
because of its smaller size and because beach spawning fish appear to have more adaptive traits 
that affect their fitness.  Beach spawners tend to spawn later than most river spawners, and they 
differ in average size and shape.  These traits may be linked to fitness relative to environmental 
factors within the beach spawning subpopulation that are not present in other populations. 

Number of strays.  There are no data to support specific straying rates from the hatchery into 
Lake Washington beach sites.  Quinn et al.  (1999) provided evidence for straying to Lake 
Washington beaches but did not establish a straying rate.  The assumption under the worst case 
scenario is that straying of sockeye to spawning beaches currently occurs and that the rate of 
straying is currently higher than that to Bear Creek, because the beach is closer to the Cedar 
River.  It is also assumed under the worst case scenario that beach spawners would experience a 
higher total number of strays if straying were to increase as a result of density-dependent or 
density-independent factors in the Cedar River.  Moreover, the beach spawning population is 
presently smaller than that in Bear Creek, so a similar number of strays would constitute a larger 
percentage of the beach subpopulation (hence perhaps a larger effect) than it would in Bear 
Creek.  Information on abundance of lake spawners is of limited accuracy; however, previous 
WDFW estimates have indicated that between 1982 and 2000, beach spawners represented 1.7% 
of the total sockeye in the Lake Washington basin (range 0.6% to 5.1%).  Beach spawners are 
thought to currently represent a small fraction of the sockeye returns each year.  (S.  Foley, 
WDFW, personal communication.) 
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However, it is also possible that the number of strays actually spawning on the lake beaches 
would not increase in proportion to the increase in the total number of strays because the lake 
beaches provide a much different spawning habitat than Cedar River fish have become adapted 
to exploit.  Because of habitat differences, not all fish that stray to the lake beaches necessarily 
spawn there.  Because of the high level of uncertainty, the scientists at the workshop did not 
predict a specific rate of straying to beach spawning areas.  There is insufficient information to 
estimate the straying levels as was done for Bear Creek. 

Impacts to fitness.  The estimates of the effects of straying on the beach subpopulation were 
more varied among the scientists than were the estimates of effects on Bear Creek.  Considering 
that there was more uncertainty around the total number of strays to the beach spawning 
subpopulation, and other factors, the workshop group concluded that, under worst case 
assumptions, there could be a 50% chance that the beach spawning subpopulation would 
experience less than a 10% reduction in fitness.  The chance of a 10% to 20% reduction in fitness 
was estimated at 30%; the chance of a 20% to 30% reduction in fitness was estimated at 20%.  
Individual scientists rated the potential reduction as being higher than 30%.  There was some 
discussion that the beach subpopulation may be at a higher risk of extinction from factors 
unrelated to the proposed hatchery, such as shoreline habitat modification and existing levels of 
fishing, and may also be at risk from hatchery-related processes other than genetics (notably 
increased fishing pressure in Lake Washington as a result of the anticipated increase in the 
number of adult returns).   

Impacts to genetic diversity.  Straying was anticipated to result in a 35% chance that the beach 
spawning subpopulation would experience less than a 10% reduction in genetic diversity.  The 
chance of a 10% to 20% reduction in genetic diversity was estimated at 20%; the chance of a 
20% to 30% reduction was estimated at 14%; the chance of a 30% to 40% reduction was 
estimated at 6%; the chance of a 40% to 50% reduction was estimated at 3%; and the chance of a 
50% to 60% reduction was estimated at 1%.  Similar to the estimates for loss of fitness, there 
was considerable variability among the scientists regarding the effects of straying on genetic 
diversity in the beach subpopulation.   

3.2.2.8 What can be concluded about the impact of straying upon the beach 
spawning subpopulation in Lake Washington?  

Under worst case assumptions, straying from the Cedar River to the beach spawning 
subpopulation is likely to result in a reduction of fitness and genetic diversity within the beach 
spawning subpopulation.  The impact of straying on the beach spawning sockeye is anticipated 
to be greater than on the Bear Creek sockeye.  The assumption is that because of the small size of 
the beach subpopulation and its proximity to the Cedar River, it would be more susceptible to 
straying impacts since even a small number of strays from the Cedar River could represent a 
higher percentage of the adult spawners at the beach.  Also, because there are fewer individuals 
in the beach subpopulation, even small reductions in fitness over successive generations could 
result in a decline.  It is not likely that the beach subpopulation would be driven to extinction as a 
result of genetic impacts to fitness within the 50-year time period of this assessment; however, it 
is possible that reductions in fitness could result in a population that could not sustain itself over 
a longer term.  While there may still continue to be fish present in beach habitats as a result of 
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straying from the Cedar River stock or other populations, there is greater risk that the project 
could contribute to the loss of the beach spawning sockeye as a reproducing, distinct 
subpopulation under the worse case scenario.  This conclusion is based on the following factors: 

• The likelihood of straying is higher for the beach subpopulation because of the 
proximity of the beach spawning sites to the mouth of the Cedar River.   

• The beach spawning subpopulation is smaller than the Bear Creek subpopulation, so 
even a few strays would likely result in a larger impact. 

• Since the introduction of Baker Lake sockeye, beach spawning sockeye appear to 
have developed specific traits that differ from Cedar River sockeye.  These traits may 
favor reproductive fitness for the unique spawning habitat on the beaches.  As a 
result, the offspring of beach spawners are more likely to have a greater reduction in 
fitness and genetic diversity as a result of interbreeding with sockeye straying from 
the Cedar River. 

The estimates of the effects of straying on the beach subpopulation were much less consistent 
among the scientists than were the estimates for effects on Bear Creek.  Some of the scientists 
did not think that this subpopulation was vulnerable, some felt it was at risk from the effects of 
Cedar River strays, while others felt it was significantly at risk from factors unrelated to the 
hatchery such as shoreline and habitat degradation. 

When considering long-term impacts to the beach spawning subpopulation, the scientists pointed 
out that it is also important to consider: 

• Impacts to the beach spawning subpopulation may be inevitable if the Cedar River 
produces more sockeye, regardless of whether these additional sockeye are from a 
hatchery or naturally spawned. 

• It is likely that there will be a decrease in fitness and genetic diversity, but a relatively 
small chance that this reduction could be significant to the overall sockeye population 
in the Lake Washington basin, even though it may be significant to beach spawners. 

• Beach spawners were probably derived from the same parental stock as Cedar River 
sockeye, and differences have evolved relatively recently in terms of evolutionary 
time (since the late 1930s or 1940s). 

• The beach spawning subpopulation has apparently been able to diverge from the 
Cedar River sockeye population and to maintain itself despite relatively high sockeye 
return levels to the Cedar River that occurred historically, and despite the straying 
that would have occurred at these levels.   

• Other factors, particularly fishing pressure and impacts to habitat from shoreline 
development, may be more immediate threats to beach spawning sockeye than 
potential genetic impacts from hatchery fish.  However, it is important to note that the 
existing beach spawning subpopulation has maintained itself during the operation of 
the interim hatchery that has produced returns since 1995. 
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In summary, the probability of straying to Lake Washington beaches, under the worst case 
assumptions, is low to medium, but the level of impact may be medium to high for the Lake 
Washington beach spawning subpopulation.   

3.2.3 Worst Case Analysis for Homogenization 

3.2.3.1 Why is homogenization a concern for this project? 

Homogenization occurs when individuals from one subpopulation or reproductively isolated 
group interbreed with other groups to the extent that adaptive traits of the previously isolated 
groups are compromised.  The effects of homogenization are similar to the effects of straying, 
but they may occur within the various subpopulations or distinct reproducing groups of a single 
river or stream system (such as the Cedar River) rather than being spread across an entire basin 
(such as the Lake Washington basin).  Homogenization is a concern in those systems where 
reproductively isolated subpopulations exist.  It is not known whether or not the Cedar River has 
such subpopulations.  However, Fresh et al. (2003) found that hatchery returns differed in their 
spatial distribution within the river compared to natural origin spawners. 

As with straying, some degree of interbreeding between subpopulations is expected as a natural 
process.  When hatchery returns interbreed with naturally produced fish, the genetic structure of 
naturally occurring subpopulations that may exist within a river can be modified.  
Homogenization can result from hatchery-produced fish interbreeding with naturally produced 
fish, or naturally produced fish from different subpopulations interbreeding with each other.  
This may occur either as a result of broodstock collection practices (where both hatchery and 
naturally produced fish from a variety of subpopulations are all collected and spawned together) 
or as a result of hatchery-origin fish being allowed to reproduce naturally in the river where they 
could interbreed with naturally produced fish.  Within this context, homogenization would occur 
if, for example, sockeye destined to spawn in a tributary of the Cedar River were bred in the 
hatchery and so were lost to the tributary subpopulation, and fish from different reaches of the 
Cedar River were bred together although under natural conditions they would have segregated.  
The result could be the loss over time of traits that distinguish groups of naturally produced fish 
as unique subpopulations within the river.   

Homogenization is therefore a concern for this project because: 

• If Cedar River sockeye salmon are currently composed of several distinct 
subpopulations, sockeye within each subpopulation would have traits that presumably 
allow those fish to have higher fitness relative to their specific spawning and rearing 
environments than fish from other subpopulations.  Interbreeding between fish from 
distinct subpopulations or breeding hatchery returns with natural returns could reduce 
the fitness of the overall Cedar River sockeye population.   

• As with straying, homogenization could reduce the genetic differences between 
potential subpopulations within the Cedar River as a result of the interbreeding 
between hatchery-produced and naturally produced sockeye, and between naturally 
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produced sockeye from different subpopulations.  Over time, this could result in the 
loss of genes that could provide higher levels of fitness in the event of some future 
environmental change. 

• Even if the current population of sockeye in the Cedar River lacks distinct 
subpopulations or other distinct reproductive groups with traits that increase their 
fitness, the project, which does assume interbreeding between hatchery and naturally 
spawning sockeye both in the hatchery and on the spawning grounds, could reduce 
the tendency of the population to develop genetically distinct subgroups in the future. 

3.2.3.2 What did the workshop participants conclude related to homogenization? 

The workshop participants reached several key conclusions related to the worst case analysis for 
homogenization (below).  See the workshop summaries in Appendix B for additional details. 

Information that would show whether distinct spawning subpopulations have actually 
formed in the Cedar River is mixed.  Observations that support the existence of a relatively 
complex population structure in the Cedar River include: 

• Spawning sockeye in the Cedar River vary in how they are distributed over space and 
time.  Early returning sockeye seem to spawn mainly in the upper reaches of the river, 
while later returning sockeye tend to spawn in the lower reaches.  There is, however, 
overlap in spawning times and locations.  Some off-channel spawning areas are used 
significantly later in the season than the population as a whole, though again there is 
overlap.  As specific examples, peak spawning throughout the river mainstem occurs 
in late September through November.  Peak spawning occurs in Wetland 79 (an off-
channel site located 28 km upriver from Lake Washington) in late November through 
early December.  Spawning peaks in Cavanaugh Pond (located 10 km upriver from 
Lake Washington) in December and January (Hall and Wissmar, 2004). 

• One preliminary study concluded that there could be genetic differences between 
early and late spawners in the Cedar River (Bentzen and Spies, 2000).   

• WDFW data show that adult sockeye tend to return to the reaches of the river where 
they were released as fry instead of randomly redistributing throughout the river 
system.  (Schroder, personal communication, 2004). 

On the other hand, factors that point to a Cedar River sockeye population that is currently more 
homogenous include: 

• The entire population of sockeye in the Cedar River is apparently the result of 
stocking in the 1930s.  This recent origin might argue against the development of a 
complex population structure. 

• Patterns of spatial and temporal habitat use may be attributed to non-genetic factors 
such as access to spawning areas, temperatures, or density of spawning sockeye. 
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• A relatively low proportion (estimated at 5% to 10%) of sockeye returning to the 
Cedar River are thought to spawn in tributaries, side channels, or other areas outside 
of the main river channel.  The numerical dominance of the mainstem Cedar River 
subpopulation means that if even a small proportion of mainstem spawners stray into 
tributaries or side channels, these strays would represent a high proportion of 
spawners in the tributaries.  This high proportion of mainstem strays would reduce the 
tendency for local adaptations to evolve in tributaries and side channels.   

• There is evidence of sockeye colonizing new spawning areas within the river.  For 
example, sockeye used a new spawning channel constructed in Ron Regis Park at 
high densities the first year the channel was available.  This suggests that the sockeye 
have less fidelity to natal areas and spawn more opportunistically than would be the 
case if there were subpopulations that had evolved to spawn only in specific areas. 

• Hundreds of natural-origin sockeye were collected in the fish ladder at Landsburg 
during the first season of the operation of the fish passage facilities (2003).  These 
fish were trying to migrate above the dam and most would likely have spawned there, 
if given the opportunity to do so, based on observations of the behavior of coho and 
Chinook.  This may provide evidence that some number of sockeye in the Cedar 
River do not return to their natal areas to spawn, since the area above the fish ladder 
was not previously available for spawning.  The hypothesis is that a strong tendency 
to return to natal areas would be necessary for the development of distinct 
subpopulations within the river.  Since this does not appear to be the case, the Cedar 
River population presently may have a tendency to be spatially homogenous. 

The workshop group concluded that whether or not a complex population structure exists in the 
river now, over time it would tend to evolve without other intervention.   

Homogenization could occur through two main mechanisms of impact.  First, an increased 
number of hatchery-produced fish returning to the Cedar River system would increase the 
likelihood of hatchery-produced fish spawning with naturally produced fish.  Second, the 
methods used to collect broodstock for the hatchery and to release juveniles could result in 
homogenization.  Specifically:  

• Adults that would otherwise be reproductively isolated in different parts of the river 
could be collected together at the single broodstock collection weir and then be 
interbred at the hatchery.  The one fixed weir location is downstream of most sockeye 
spawning activity.  This would increase the likelihood that individuals from distinct 
spatial spawning subpopulations would be collected and bred together.  Distinct 
temporal subpopulations would still tend to remain segregated. 

• Juvenile fish would be released within the river at various locations regardless of 
where they would have naturally emerged had their parents returned to their natal 
areas to spawn.  This could result in an individual sockeye with traits that might favor 
survival in a particular reach or tributary returning to spawn instead in a different part 
of the river system where its traits do not increase its fitness.   
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3.2.3.3 What additional assumptions were used in the worst case analysis of 
homogenization? 

Additional worst case assumptions used in the analysis for homogenization include: 

• The workshop participants did not come to a conclusion about whether distinct 
subpopulations of sockeye currently exist in the Cedar River.  For the purpose of the 
worst case assessment, the workshop group assumed that some degree of complex 
population structure occurs in the Cedar River, and subpopulations have developed 
that have traits that increase their fitness.   

• Regardless of whether or not there are distinct subpopulations now, over time and in 
the absence of a hatchery, sockeye in the Cedar River could segregate into distinct 
subpopulations with specific genetically related traits that would increase their 
fitness.   

In addition, the following general assumptions were important to the worst case analysis: 

• Harvest rates for hatchery and natural-origin sockeye are roughly equal. 

• The collection facility would collect proportions of hatchery-produced and naturally 
produced broodstock that are consistent with those in the overall return. 

3.2.3.4 What is the likelihood that homogenization will occur? 

Homogenization has a high possibility of occurring under the worst case scenario.  The goal for 
the management of this hatchery differs from many other hatcheries.  The proposed hatchery 
would be managed to maximize the mixing of hatchery-produced and naturally produced fish 
each year to the extent possible through the design of the broodstock collection program.  A 
fundamental goal of the proposed hatchery program is to produce an integrated run in the Cedar 
River.  This is consistent with the principles and recommendations of the Hatchery Scientific 
Review Group (HSRG, 2004).  To achieve this goal, the hatchery would collect both naturally 
produced and hatchery-produced adults at the downstream weir.  Because it will not be possible 
to discriminate between hatchery-produced fish and naturally produced fish before spawning 
(since identification requires dissection of the fish), this will result in the random interbreeding 
of fish based on origin.  It is inevitable that some hatchery fish will be bred with naturally 
produced fish, and interbreeding of naturally produced fish that originated from tributaries or 
distinctly different portions of the river will also occur.  This is in contrast to the management at 
many other hatcheries that has resulted in a segregated run where the goal is to develop and 
maintain separation between hatchery and naturally produced stocks.   

In addition, hatchery fry will be released at various points within the river so that they will tend 
to return to those portions of river to spawn and approximate the natural spawning distribution 
throughout the river.  These practices have been intentionally proposed to produce an integrated 
run in the Cedar River; however, they also promote homogeneity within the overall population.   
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3.2.3.5 What is the potential magnitude of the worst case impact for 
homogenization? 

The magnitude of the worst case impact is discussed below in terms of the impacts to fitness and 
genetic diversity. 

Impacts to fitness.  There was debate among the scientists at the workshop about whether a 
complex sockeye population structure currently exists in the Cedar River, and how much 
biological significance it has (whether the population expresses a range of traits due to 
reproductive isolation that increases fitness for members of those isolated groups).  The general 
consensus was that because of the relatively short timeframe that this stock of sockeye has 
existed in the Cedar River (approximately 70 years), distinct subpopulations have not had time to 
develop; however, there are no specific data available to confirm this. 

The discussion concluded that there is a 60% chance (median value) that homogenization would 
result in less than a 10% reduction in fitness.  The chance of a 10% to 20% reduction in fitness 
was estimated at a median value of approximately 30%, and the chance of a 20% to 30% 
reduction was estimated at a median value of 10%.  There was some variation among individual 
scientists about the anticipated impact and the assumptions used.  Estimates varied depending 
upon factors such as where the adult collection site and fry release points would be located.   

Impacts to genetic diversity.  The workshop group estimated median values of  a 10% chance 
of less than a 10% reduction in genetic diversity; a 15% chance of a 10% to 20% reduction in 
diversity; and a 10% chance of a 20% to 30% reduction in genetic diversity.  The variation 
among the five participating scientists in their assessment of impacts to genetic diversity was 
higher than the variation on any of the other workshop topics.  This was primarily a result of 
differences in opinion relative to the likelihood that a complex population structure currently 
exists, or could develop, within the Cedar River.  The workshop participants also varied on what 
specific assumptions were key to the analysis.  One scientist estimated a very low potential that 
an effect would be observed based on his assumption that there is little, if any, existing 
population structure.  However, this scientist estimated that the proposed project would be highly 
likely to have a small effect if a diverse population structure did exist (one of the worst case 
scenario assumptions).  Another scientist predicted a low level of effect but noted that 
homogenization would likely occur over the next 50 years (about 12 generations).  One scientist 
felt that genetic diversity among possible subpopulations within the Cedar River would decrease 
substantially (70% to 80%) as a result of hatchery operations, but that the impact to the fitness of 
the population as a whole would be very low because the level of genetic differentiation is low. 

3.2.3.6 What can be concluded about impacts to the naturally spawning Cedar 
River sockeye population from homogenization? 

Using the worst case scenario assumption that a complex population structure exists and it has a 
positive influence on the fitness of the larger sockeye salmon population within the Cedar River, 
there is a high probability that some level of homogenization would occur as a result of hatchery 
operations, and that there would be a low level of reduction in fitness of the Cedar River sockeye 
population as a result.  The workshop group felt that there is a 90% chance of a reduction in 
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fitness of less than 20%, and a 10% chance that the reduction in fitness could range between 20% 
and 30%.  There was no clear consensus among the workshop group about the potential impacts 
to genetic diversity from homogenization resulting from hatchery operations.  Under a worst case 
outcome, there would be complete homogeneity within the Cedar River sockeye population, with 
no discernable subpopulations of adult spawners.  The result would be the elimination of 
genetically different subpopulations within the Cedar River assuming that they currently exist.  
While this was anticipated to result in a moderate to low (less than 20%) reduction in overall 
fitness, it could reduce the ability of the Cedar River population to react to future changes in 
environmental conditions.  The group reflected much more uncertainty in the assessment of the 
likely reduction in genetic diversity.  There was really no consensus within the group as to this 
effect.   

Since the Worst Case Analysis Workshop was held, WDFW released the final report by Fresh et 
al. (2003) that included information comparing hatchery and natural origin Cedar River sockeye 
during the period of 1995-2000. The authors found several differences between hatchery and 
natural origin sockeye, including differences in the size of females of the same age, spatial 
spawning distribution, and the timing of broodstock collection relative to overall run timing. No 
differences were found between hatchery and natural origin returns in age at maturity or run 
timing. Differences in spatial distribution would likely contribute to homogenization by changing 
where sockeye would have otherwise spawned. While the authors propose ways of addressing 
these spatial differences between hatchery and natural origin returns, it is not certain how 
effective these changes would be or if they are feasible. Since the number of fry produced per 
natural spawner from the study years was at or above pre-hatchery return levels, the findings in 
the Fresh et al. (2003) report do not change the conclusion that homogenization is likely, but that 
the impact on fitness would likely be moderate to low.  This issue will continue to be monitored 
through the Adaptive Management Plan. 

3.2.4 Worst Case Analysis for Domestication 

3.2.4.1 Why is domestication a concern for this project? 

Domestication occurs when hatchery operations or management decisions result in the 
production of fish that have traits that make them more adapted to a hatchery environment, but 
less adapted to the natural environment.  This is because there are different selection pressures in 
the hatchery environment versus the natural environment.  For instance, in a traditional hatchery 
where the fry are fed and released after they have grown considerably, they may become used to 
going to the surface to find food that has been thrown in to them rather than feeding further down 
in the water column.  Those that orient to the surface may grow larger than those that do not.  
Ultimately, if this trait is at least partly hereditary, the survival rate of juveniles from hatchery 
parents would be reduced in the natural environment because such behavior would make them 
more vulnerable to predators.  These same fish may have a more difficult time foraging for food 
on their own once they are released into the river. 
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However, it is important to realize that there are two types of factors affecting domestication that 
are often confused: (1) inherent and unavoidable factors associated with artificial production, and 
(2) management decisions that are made in artificial production programs.    

Hatchery production has intrinsic effects on the genetics of fish produced in the facility.  These 
effects occur as a result of removing selection pressures during the spawning and egg incubation 
phases of the salmon’s life history.  Hatchery staff cannot simulate natural processes associated 
with mate selection.  Eggs placed in incubators are not subject to the same selection pressures 
that affect those deposited in the streambed.  These effects cannot be avoided; in fact, the 
primary purpose of hatcheries is to improve survival rates over those in the natural environment 
and this amounts to the removal of some of the selection pressures during these stages.  Some 
genetically influenced traits, like body size, age at return, and time of return, are readily 
observable by hatchery managers.  Hatchery managers can decide to interbreed adult fish based 
on these traits in order to achieve the desired management outcome relative to the establishment 
of integrated or segregated runs.  Such decisions may produce results that are sometimes 
unintentional, such as advancing the run timing of a hatchery return by relying on fish from the 
early and middle portions of the run to ensure that broodstock goals are met.  While no 
difference in run timing has been demonstrated during interim hatchery operations (Fresh et al. 
2003), this remains a concern. 

Artificial breeding also eliminates natural selection pressures related to males competing for 
females and the female choice in mate selection.  There are many other traits that are not 
expressed physically and cannot be considered by hatchery managers when choosing broodstock.   

Some phenotypic traits are known to affect fitness.  For example, the ability of female sockeye to 
choose suitable nest sites is very important and is innate (not learned).  In the river system, 
selection of a poor nest site can reduce the survival of embryos.  Therefore, females that select 
poor nest sites are likely to produce fewer offspring than females that select good nest sites.  The 
hypothesis is that, over time, this selection pressure would favor individuals that have the gene or 
genes that relate to good nest site selection, making these individuals more fit.  It is not possible 
at the time of broodstock selection for hatchery managers to distinguish which females would be 
most adept at choosing the best nest sites.  Therefore, hatchery management is likely to 
inadvertently allow females with poor nest selection traits to successfully produce offspring at 
the same level as females with good nest selection traits.  For the fish that are spawned in the 
hatchery program, this removes the selection pressure relative to choosing nest sites, and these 
fish may subsequently contribute to an overall reduction in fitness of the sockeye population by 
choosing lower quality spawning sites.     

Domestication impacts also result from management decisions that are not an intrinsic result of 
hatchery production.  These decisions may be deliberate or unintentional.  Selecting for specific 
traits has been a deliberate practice in some hatcheries in order to produce a segregated hatchery 
run to facilitate management of the hatchery stock.  For example, hatchery managers might 
choose to deliberately select early arriving fish for breeding to advance run timing and allow 
higher harvest rates on hatchery returns compared to the natural run.  Changes in run timing have 
also been the result of hatchery management decisions as explained above.  Either way, 
management decisions can result in a fairly rapid change in the average date of return of the 
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hatchery population.  Historically, segregated hatchery runs were thought to be beneficial from a 
resource management perspective because they allow a distinct temporal separation between 
hatchery-origin and naturally produced fish.  This can allow fishing to be targeted primarily 
toward hatchery-origin fish since they might return to spawn much earlier than wild or naturally 
produced fish.  While this practice may have benefits from a fisheries management standpoint, it 
can also significantly impact the population of naturally produced fish when hatchery fish 
interact with the natural population.  High levels of natural spawning by hatchery-origin fish 
from a segregated hatchery management program can impose potentially unacceptable risks to 
natural populations (HSRG, 2004a).  In most cases, it is difficult to maintain separation between 
hatchery and natural populations in a segregated hatchery management program because of 
unpredictable factors, from weather to harvest levels to natural variability of return timing in the 
naturally produced population.  Such factors make it difficult to ensure that all hatchery-
produced fish are either caught by fishermen or collected for broodstock.  The proposed hatchery 
operating protocols have been specifically designed to ensure an integrated run and avoid, to the 
extent possible, domestication pressures that are solely related to management decisions.   

In summary, domestication is a concern for this project because: 

• Breeding sockeye in the hatchery could relax the selection pressure for certain traits 
that would be selected against in the wild.  (For example, choosing poor nest sites as 
described above.)  Because hatchery production does not select against these 
unfavorable traits, there is an equal likelihood of either negative or positive traits 
being passed on to the next generation.  These hatchery-produced fish may return and 
spawn naturally and could have lower fitness as a result.    

• Sockeye with hatchery-selected traits could interbreed with naturally produced 
sockeye, thereby passing genetically based hatchery-selected traits to their offspring.   

• As with homogenization and straying, domestication could result in a reduction in 
fitness of subsequent generations of Cedar River sockeye. 

3.2.4.2 What specific assumptions were used in the worst case analysis of 
domestication? 

Additional assumptions used in the worst case analysis for domestication include: 

• Domestication can occur as a result of selection pressures present during either the 
juvenile or adult phases of the sockeye life cycle.   

• No more than 50%, calculated on a long-term average, of the adult sockeye returning 
to the Cedar River would be of hatchery origin. 

• Rearing and feeding of fry at the hatchery would be limited, occurring for no longer 
than 2 weeks.  (The longer fry are held at the hatchery, the more likely it is for 
artificial selection to occur.) 
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3.2.4.3 What is the likelihood that domestication will occur? 

The proposed hatchery will be operated to reduce or eliminate domestication resulting from 
management decisions such as selecting only early returning fish for broodstock or simply 
breeding the largest fish with the largest fish.  However, domestication is inevitable in any 
hatchery population because of the relaxation of some natural selection pressures.  It is expected 
that the proposed Cedar River Sockeye Hatchery will result in domestication as a result of the 
inherent hatchery management effects discussed earlier.  The risks and magnitude of hatchery 
effects are thought to be somewhat proportionate to the time spent in the artificial environment 
and the number of generations that a stock has been isolated in the hatchery.  Assessments of 
hatchery impacts on fitness have not included programs like that being implemented for the 
Cedar River in terms of key factors thought to affect fitness: local stock, broodstock collection 
protocol, breeding protocol, release of fry soon after emergence, rate of naturalization and 
species.  The existing literature focuses mostly on programs using hatchery stocks of steelhead, 
coho, and Chinook using extended freshwater rearing.  With few exceptions, where fitness has 
been measured in these programs there has generally been a decline in fitness, with substantial 
variability among various assessments.  Reisenbichler and Rubin (1999) reviewed several studies 
and concluded that substantial change in fitness results from traditional artificial propagation of 
anadromous salmonids held in captivity for one-quarter or more of their life. They noted that “to 
date almost no comparable data are available for species or populations that are held in captivity 
for shorter portions of their life: … [including] some sockeye populations.”  It is apparent from 
the literature that there is a need for further research into the effectiveness of various hatchery 
reform measures and to assess fitness in programs such as that being proposed for the Cedar 
River sockeye. 

Even though the literature has not dealt directly with programs like the proposed replacement 
hatchery, the literature is helpful in identifying what monitoring is needed and in establishing 
factors that influence fitness.  For example, there is evidence that the potential for genetic and 
phenotypic change is proportional to time spent in the hatchery.  There is additional evidence 
that the use of local stock results in higher fitness in hatchery releases.  Genetic principles 
suggest that random breeding and high male-to-female spawning ratios will help to avoid genetic 
change.  The culture strategy for the proposed replacement hatchery has been developed with the 
benefit of this knowledge and has considered how to incorporate approaches that are thought to 
minimize the risk of genetic effects.  Nevertheless, it is not possible to eliminate such risks.  
Thus, the question of how unavoidable domestication selection will affect fitness will need to be 
addressed through evaluation guided by the Adaptive Management Plan. The potential 
consequences, case-specific variability in hatchery practices, species and environmental factors 
and the limited understanding of the effects of naturalization underscore the importance of 
monitoring and being responsive to information as it becomes available.  See Appendix C in this 
document for further review of information on this topic. 

3.2.4.4 What is the magnitude of potential impact from domestication resulting 
from hatchery operations?  

The workshop group concluded that the impacts to fitness of naturally spawning sockeye salmon 
over a 50-year period resulting from domestication closely parallel those for homogenization.  
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Under the worst case assumptions, the chance of less than a 10% reduction in fitness as a result 
of domestication was estimated to have a median value of 65% as a result of the worst case 
scenario.  The chance of a 10% to 20% reduction in fitness was estimated at a median value of 
29%, and the chance of a 20% to 30% reduction was estimated at 3%.   

Some of the factors that affect domestication can be controlled through hatchery operations, and 
some cannot be controlled.  The hatchery broodstock includes a high proportion of natural-origin 
fish that have been subject to natural selection pressures, as well as fish that are offspring of fish 
spawned in the hatchery.  Fry will be released soon after emergence from the incubators, to 
minimize hatchery influences and approximate natural conditions as closely as possible.   

Experience with the current sockeye salmon hatchery provides some insight into the short-term 
effects of domestication.  In brood year 1995, nearly all natural eggs in the Cedar River were 
eliminated by scour caused by high flows, and this resulted in an unusually high proportion of 
hatchery fry leaving the Cedar River in 1996.  Subsequent returns from this brood year and the 
subsequent brood year (1999) reproduced successfully in the river.  While many factors 
influence survival, these progeny, from a group primarily composed of hatchery-origin fish, 
appear to have returned and spawned successfully and themselves produced progeny that were 
able to survive and reproduce (Seiler and Kishimoto, 1997; Seiler et al., 2002; S.  Schroder, 
WDFW, personal communication). Many factors affect sockeye fry production in the Cedar 
River: some are biological while others are physical or environmental (e.g. high flows, 
substrate). Nevertheless, comparing data on annual fry production from natural spawners from a 
baseline period prior to hatchery returns with that since the interim hatchery began contributing 
adult spawners can provide some indication of whether the interim hatchery is having a large 
adverse impact on population fitness. During the time that the hatchery has contributed to 
returns, the level of natural fry production has risen, both in absolute terms and in the rate of 
production (fry per spawner).  Fry trapping and estimation began with the outmigration year of 
1992, and the interim hatchery began to contribute to natural production in 1996. From 1992-
1995, when all spawners were produced in the River (no hatchery influence), sockeye fry 
production from natural spawners averaged 15.9 million per year. From 1996 through 2005, 
sockeye fry production from natural spawners (comprised of natural and hatchery origin returns) 
averaged 24.4 million per year. Average productivity (fry per natural spawner) was 179 from 
1992-1995 and was 233 for 1996-2004 (data source: annual WDFW reports by Seiler et al.). 
While favorable environmental factors could mask reduced fitness, the data available to date do 
not indicate that a downward trend in productivity is occurring during operation of the interim 
hatchery. 

3.2.4.5 What can be concluded about impacts to the Cedar River sockeye 
population from domestication?  

The scientists agreed that some level of domestication is likely, if not inevitable, especially 
regarding adult traits associated with reproduction.  It is difficult to determine how much these 
changes would actually affect the fitness of the population.  However, based upon the 
interpretation of models, general knowledge of salmonid biology and genetics, and the limited 
available studies on the subject, the workshop group concluded that the worst case reduction in 
fitness would most likely be low, at less than 20%.  The environment for embryo development 
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and emergence will differ from a natural one, but protocols developed for this hatchery will 
likely reduce domestication compared to most hatcheries.  Some differences include taking a 
high percentage of natural-origin returns as broodstock and releasing fry soon after emergence.  
Prolonged rearing in the hatchery would likely increase the likelihood that domestication would 
affect the fitness of the population, but prolonged rearing is not part of the proposed operating 
protocols. 

Since the Worst Case Analysis Workshop was held, WDFW released the final report by Fresh et 
al. (2003) that included information comparing hatchery and natural origin Cedar River sockeye 
during the period 1995-2000. The authors found several differences between hatchery and 
natural origin sockeye, including differences in the size of females of the same age, spatial 
spawning distribution and the timing of broodstock collection relative to overall run timing. No 
differences were found between hatchery and natural origin returns in age at maturity or run 
timing. Most comparisons of females of the same age indicated that hatchery returns were 
significantly smaller than those of natural origin. The authors indicated that the cause of these 
differences was unknown and offered two hypotheses to explain the differences. Based on the 
following, the findings in the Fresh et al. (2003) report do not change the conclusion that 
domestication is likely, but that the impact on fitness would likely be low: 

• The authors conclude that the cause of this reduction is not known (see discussion in 
Appendix C).   

•  Size reduction is not consistently observed as a hatchery effect (see Appendix C).  

• It is not known whether changes in spatial distribution would affect fitness.  

•  Size differences were small enough to not cause changes in age at maturity. 

• There were no detected changes in run timing. 

• The number of fry produced per natural spawner from the study years was at or exceeded 
pre-hatchery return levels. 

This issue will continue to be monitored through the Adaptive Management Plan.   

In summary, while domestication is likely to occur, under worst case conditions the reduction in 
fitness is anticipated to be low.   

3.2.5 Primary Areas of Uncertainty Related to this Assessment 

There are several areas of uncertainty relating to potential genetic impacts that will require 
continued investigation.  Sockeye salmon in the Lake Washington basin exist in a constantly 
changing, complex system.  It is uncertain whether straying rates might be influenced by 
potential future modifications of hatchery management practices.  There are also uncertainties 
relating to the ancestry of Lake Washington sockeye.  The extent to which discrete 
subpopulations exist in either the Cedar River or larger Lake Washington basin is not completely 
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understood.  In addition, how to measure the effects of homogenization and domestication 
relative to other factors in the environment is unclear.  It is also unclear how long it takes for 
these genetic changes to affect fitness.  There are so many sources of variation in survival in 
Lake Washington and the marine environments through which the sockeye salmon migrate that it 
would be exceedingly difficult to detect a decrease in production by, for example, 10%, at the 
adult stage.   

In addition to uncertainty as a result of data gaps, there are also issues of uncertainty that arise 
from how genetic impacts would be measured.  The primary challenge is that genetic changes 
may not rapidly result in distinct consequences.  Factors like reductions in fitness and in genetic 
diversity may or may not result in reduced productivity that can be identified and measured 
before it becomes significant.  A true effect could be undetected because of high variation, a 
small number of independent samples, a small intrinsic effect, or a combination of these factors.  
Also, factors unrelated to genetic effects (such as habitat degradation) could reduce the per capita 
production of fry, and this could then be mistakenly attributed to a genetically based reduction in 
fitness. 

The workshop group concluded that a study to try to directly measure changes in fitness related 
to genetic impacts from the proposed hatchery would probably be inconclusive because of the 
number of environmental variables that would have to be considered and the types of errors that 
are known to occur during stock assessment studies.  The difficult nature of quantifying adults 
and fry would be combined with high levels of natural variation, and current uncertainty 
regarding the true relationships between density, flow, and fry production.  These factors would 
probably make it difficult to detect any but the most dramatic reductions in fitness.  Although 
easier to study from a statistical standpoint, genetic diversity is also an imperfect measure of 
impacts because the number of different types of genes in a population at a given time does not 
by itself directly indicate a change that reduces the ability of the population to persist.  It is likely 
that by the time such changes could be directly observed, significant alteration to Bear Creek 
sockeye (in relation to straying) or Cedar River sockeye subpopulations (in relation to 
homogenization) would have already occurred. 

Because of these uncertainties, genetic effects is an area of focus in the Adaptive Management 
Plan (AMP) as discussed below. 

3.2.6 Monitoring and Adaptive Management 

3.2.6.1 Will genetic impacts be monitored? 

Straying.  All hatchery fish would be marked to facilitate monitoring for straying.  For the Bear 
Creek sockeye subpopulation, straying studies would be conducted periodically to evaluate 
whether numbers of strays are changing with increased returns.  The results of straying studies 
would be reported in annual summaries of research results.  No monitoring is planned for 
straying to other sockeye subpopulations in the Lake Washington basin. 

Homogenization/Domestication.  It is difficult to monitor homogenization and domestication 
directly.  However, the AMP establishes several monitoring programs to detect changes in the 
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size, growth, and migration timing of hatchery and naturally produced fry and to track trends 
over time.  Productivity, as measured by the numbers of naturally produced fry per adult, will be 
monitored, as will peak flows that influence the extent of scour-induced mortality.  Data on 
fecundity, egg size, and age at maturation for hatchery and natural-origin adults will be analyzed 
within each year and over time to detect trends.  Significant trends that indicate divergence of 
these two groups or reductions in natural productivity will need to be examined and management 
adjustments may need to be made.  Differences would be important if hatchery fry exhibited a 
handicap or an advantage compared with natural fry that could lead to shifts in the composite 
nature of the sockeye population and, ultimately, affect the fitness of fish that spawn in the river.  
This issue is further discussed in Section 2 of the AMP. 

Initial monitoring proposed in the AMP includes: 

• Migration timing will be monitored through fry trapping at the mouth of the river.  
This monitoring is initially proposed for up to 16 years during the life of the Cedar 
HCP. 

• Population composition and abundance of outmigrant fry will be estimated. 

• Pre-smolt surveys will allow comparisons of size and survival between hatchery and 
naturally produced fry, identified by otoliths or other markings.  These surveys will 
also be used to determine pre-smolt population composition.   

• Adult returns will be monitored for changes in size and age at maturity by recovering 
otoliths from returning adults.  At the same time the spawning date and location of the 
returning adults will be monitored to expose any changes over time. 

• Fecundity and egg size will be monitored as well as reproductive success. 

• The AMP also recommends that genetic samples be analyzed at intervals to determine 
if changes are occurring in the genetic composition of the population.   

The frequency of monitoring and the study plans will be reviewed to ensure that the resulting 
data will be useful to detect differences that may emerge.  Study results will be reviewed 
carefully and adjustments to studies may be suggested or additional studies may be required. 

3.2.6.2 How will the Adaptive Management Plan respond to monitoring results? 

The results of monitoring and research will be summarized and analyzed in reports that will be 
publicly available.  The data on which the reports are based will also be publicly available.  The 
Technical Work Group (TWG) will review reports as they become available, and independent 
scientists will be asked to review reports that are of particular importance in the evaluation of the 
project.  The implications of the results will be considered in the adaptive management 
framework by the TWG and the Adaptive Management Work Group (AMWG) and by 
independent scientists when appropriate.  Recommendations from these groups will be provided 
to the Parties to the LMA for consideration.  The AMWG will consider scientific 
recommendations and public input in forming their recommendations to the Parties as to whether 
hatchery operations or the monitoring program need to change.  The public will have an 
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opportunity to see data, reports, and recommendations and to comment to the AMWG and 
Parties.   

If monitoring results suggest that straying or a divergence between hatchery and naturally 
produced fry (as indicated by the parameters discussed above) exceeds the specified threshold, 
the Parties will have to address the issue, relying on the advisory committees, independent 
scientists, and the public for input.  A significant step in the evaluation will be to determine to 
what extent hatchery practices or production are influencing the observed results.  Where 
hatchery operations appear to be influencing observed results, the AMP suggests several possible 
corrective actions.  Actual corrective actions taken will be determined with input from the 
scientific panel, taking into account a wide variety of factors that may be influencing the results. 

Greater detail regarding initial thresholds, corrective actions, and measures of success or failure 
for each genetic concern is provided in Section 2 of the AMP.  As an example, if migration 
timing of hatchery fry is diverging from that of naturally spawning Cedar River sockeye, one 
option is to adjust the temperature regime used in the hatchery, which will affect emergence 
timing.  If straying to Bear Creek appears to be increasing, production levels at the hatchery 
could be reduced or stopped, or release practices could be modified.   

3.2.6.3 What other research and monitoring efforts will support the evaluation of 
genetic impacts? 

Information gathered by others will be used to evaluate sockeye productivity over time.  WDFW 
and the Muckleshoot Indian Tribe estimate sockeye abundance in the Lake Washington basin as 
well as tributaries, including the Cedar River.  The Tribe estimates sockeye numbers as the fish 
pass the Hiram Chittenden Locks.  WDFW and Tribal staff, in collaboration with King County 
and City of Seattle staff, conduct stream surveys to estimate the numbers of spawners.  In the 
Cedar River, these data are collected by reach.  WDFW crews conduct Lake Washington beach 
surveys annually.  WDFW staff analyze otolith samples and record the origin of sockeye, which 
allows comparisons between hatchery and natural-origin sockeye. 

It is also important to document environmental influences that can significantly affect 
productivity.  The U.S.  Geological Survey (USGS) provides publicly accessible provisional and 
final streamflow data for several gauging stations in the Cedar River, and these data would be 
used in calculations of redd scour flows.  The data will help to account for variability in river 
production. 
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3.3 Predation 

3.3.1 Context/Background of Potential Impacts 

3.3.1.1 What parameters were used to evaluate worst case impacts for predation? 

The parameter considered by the workshop participants to be the most appropriate for evaluating 
predation impacts from the hatchery operations, based on biological relevance to the population, 
conceptual clarity, and measurability, was the percentage change in survival of juvenile sockeye 
or Chinook salmon under worst case conditions, compared to current baseline conditions.   

3.3.1.2 What assumptions were used in the worst case analysis for predation? 

The following assumptions were used in the worst case analysis for predation in addition to the 
general assumptions given in Section 1.6.2.   

• For Chinook salmon juveniles and smolts, the predation impacts addressed in the 
worst case analysis included (1) predation in the Ship Canal during February through 
July, and (2) predation in the Cedar River.3 For sockeye salmon, the analysis includes 
(1) predation in Lake Washington throughout the year, and (2) predation on naturally 
produced sockeye fry in the Cedar River. 

• Key predators considered in the analysis include: 

− Lake Washington:  cutthroat trout, northern pikeminnow, bass, and other 
piscivores (fish eaters) including sculpin. 

− Cedar River:  rainbow trout, cutthroat trout, and sculpin. 

• Under rare circumstances, natural fry production could be 25% greater than the 
highest production level to date, resulting in up to 85 million fry total (both hatchery 
and wild). 

• The peak of hatchery releases would be later in the year than they currently occur, in 
order to more closely match the peak of naturally spawned fish. 

• Low numbers of threespine sticklebacks and age-1 longfin smelt might occur in Lake 
Washington over the winter and over the subsequent year, providing fewer alternative 
prey. 

• The timing and abundance of Chinook and coho salmon released from the Issaquah 
Hatchery would not differ from current patterns and levels. 

                                                 
3 Predation in Lake Washington was considered but the panel found that the influence of additional sockeye fry 
would have an insignificant effect. 
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3.3.2 Worst Case Analysis for Predation 

3.3.2.1 Why is predation a concern for this project? 

Predation refers to the consumption of juvenile sockeye or Chinook salmon by other fish species 
in Lake Washington or the Cedar River.  Predation is a concern for this project because it could 
reduce the survival rate of juvenile salmon.  If more juvenile salmon are available, the population 
of predators may increase opportunistically. 

On the other hand, increased production of hatchery fish could have a beneficial effect by 
“buffering” juvenile salmon from predation (i.e., having more juvenile fish present because of 
the hatchery would allow more juveniles to survive predation). 

3.3.2.2 What did the workshop participants conclude related to predation? 

The workshop participants reached several key conclusions related to the worst case analysis for 
predation (below).  See the workshop summaries in Appendix B for additional details. 

The change in survival of juvenile salmon cannot be measured directly but can be 
measured indirectly using several indicators.  First, survival for both Chinook and sockeye in 
the Cedar River can be estimated by dividing the abundance of juvenile salmon at the outmigrant 
trap by either the estimated egg deposition (the fry/egg ratio) or the number of spawners (the 
fry/spawner ratio).  Second, the survival of sockeye in Lake Washington can be estimated by 
dividing the number of fry entering the lake (known from outmigrant trapping) by the abundance 
of pre-smolts (estimated from annual hydroacoustic-midwater trawl surveys).  No method 
currently exists for estimating the survival of Cedar River Chinook salmon in Lake Washington.   

The presence of hatchery-produced sockeye salmon is not anticipated to result in a 
significant change in the number or size of predators in Lake Washington.  The workshop 
group concluded that the additional sockeye salmon juveniles would not increase the forage base 
for predators enough to increase predator populations in Lake Washington.  Sockeye salmon 
currently contribute 10% to 20% of the annual prey biomass to predatory fishes in the lake and 
the Cedar River (Mazur, 2004).  The panel concluded that even the anticipated doubling of 
sockeye salmon fry under assumed worst case conditions would not likely result in an increase in 
predator abundance or biomass.   

The presence of hatchery-produced fry could increase predation through three main 
pathways.  These include:  (1) by attracting more predators, (2) by increasing the focus of 
predators on juvenile salmon as a food source, or (3) by concentrating the current population of 
predators at key interception points.  The locations where this is most likely to occur include the 
mouth of the Cedar River, in the immediate nearshore areas of Lake Washington, and within the 
Ship Canal.  The workshop group believed that the concentration of predators in these areas was 
the most plausible response to increased hatchery production of sockeye fry.  However, the 
group identified that these three pathways are interdependent and cannot be considered 
independently in assessing impacts. 
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The new hatchery would increase buffering for sockeye fry in the river.  The releases of 
sockeye fry from the new hatchery would be timed to more closely match the natural 
outmigration of sockeye fry from the Cedar River.  This would result in higher numbers of 
sockeye in the river and would focus the peak of total sockeye outmigration closer to the peak of 
natural sockeye outmigration (currently the downstream migration of sockeye produced in the 
interim hatchery peaks earlier than the peak of naturally produced sockeye).  Greater numbers of 
hatchery salmon released to coincide with the peak outmigration of naturally produced sockeye 
could “buffer” or absorb some of the predation pressure (Peterman and Gatto, 1978).  Higher 
predation on naturally produced fry would be anticipated if no hatchery was operating, compared 
to either the current interim hatchery or the new hatchery.   

The current timing in the release of sockeye from the interim hatchery is assumed to have a 
buffering effect on predation of Chinook fry4 in the Cedar River.  The buffering effect on 
Chinook predation would be reduced if hatchery releases occur later in the year.  Under 
current conditions, sockeye juveniles are released from the interim hatchery earlier in the season, 
before the peak of naturally produced sockeye.  This release timing coincides more closely with 
the peak for natural Chinook fry outmigration in the Cedar River (Seiler et al., 2001; Seiler et al., 
2003).  Therefore, the release of hatchery sockeye is believed to have a buffering effect on 
predation of Chinook fry because of the larger total number of salmon in the river at the same 
time.  Most Chinook smolts5 leave the Cedar River in May and June, and predation losses of 
smolts are not expected to be influenced by adjustments in the release timing of hatchery-origin 
fry.  With the new hatchery, sockeye would be released later in order to mimic the peak of 
naturally spawned sockeye.  This could result in increased predation on the early peak of 
migrating Chinook juveniles in the river.  However, lower numbers of sockeye salmon early in 
the year compared to current baseline conditions with the interim hatchery may reduce the 
number of predators gathering within the lower river. 

A potential decline in survival of Chinook salmon fry due to a reduction in predation 
buffering might be moderated by both biological and environmental factors.  Despite the 
shift to later peak migration in the Cedar River by hatchery sockeye, increased hatchery 
production would still increase the abundance of the earliest portion of the hatchery run, 
coinciding with the early emerging naturally produced sockeye fry.  The impact of less predation 
buffering would also be dampened by the higher stream flows and low temperatures during 
February.  Lower temperatures reduce predation by reducing the activity and metabolic demands 
of predators, while higher flows reduce the efficiency of predators in feeding on fry in the Cedar 
River (Tabor et al., 1998, 2004; Seiler et al., 2001).   

                                                 
4 Most Chinook leave the river as fry in late February to early March, soon after they swim up from the gravel.  
These fish generally grow for several months in Lake Washington until they are ready to enter salt water.   
5 Sockeye fry leave the Cedar River before Chinook smolts begin their outmigration; therefore, the predation 
buffering expected for Chinook fry would not be expected for Chinook smolts. 
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3.3.2.3 What is the likelihood that increased predation will occur? 

The workshop group concluded that increased predation has a very low likelihood of occurring 
because of hatchery operations, using worst case assumptions.   

3.3.2.4 What is the potential magnitude of the worst case impact of increased 
predation? 

The workshop participants agreed that the project is highly likely to have neutral or minor effects 
on the survival of Chinook and sockeye, with a negligible chance (less than 5%) of an adverse 
impact on survival. 

The consensus of the workshop group was that impacts to Chinook in the Cedar River would 
consist of a less than 10% shift (either positive or negative) from current fry survival rates, 
resulting from the interplay between reduced buffering by sockeye and other factors that would 
inhibit predation.  Sockeye survival in the river is anticipated to increase slightly as a result of 
increased buffering by hatchery fish.  The panel predicted a neutral or minor reduction (less than 
5%) in survival of both Chinook and sockeye salmon during lake rearing and migration.  This 
level of change likely falls within the natural level of variation, and would not likely be detected 
in the population. 

3.3.2.5 What can be concluded about the impact to salmon from increased 
predation? 

Although the shift in releases of hatchery fish would reduce the buffering effect of predation on 
juvenile Chinook in the river, the magnitude of this impact could be moderated by both 
biological and environmental factors.  The primary potential for increased predation on Chinook 
is a result of the change in operation of the hatchery.  These changes are intended to make the 
hatchery-origin fry as similar as possible to natural-origin fry.  Impacts of predation as a result of 
the shift in timing of releases are anticipated to be no worse than if no hatchery is present (i.e., 
with only natural production of sockeye in the Cedar River) because there would be more fry in 
the river.   

The increase in hatchery sockeye in the river would provide greater buffering for sockeye against 
predation throughout the outmigration period, leading to a minor improvement in survival of 
sockeye fry. 

The workshop panelists felt that the neutral or minor reduction in survival of both Chinook and 
sockeye salmon during lake rearing and migration may not even be measurable given other 
factors.  For example, fluctuations in the abundance of longfin smelt are anticipated to have a 
much higher impact on predation than increased numbers of sockeye.  Longfin smelt are a 
primary prey item in the lake (Beauchamp et al., 1994; Nowak et al., 2004), with significantly 
more biomass than sockeye, even considering a 25% to 100% increase in fry.  Also, during the 
period when greater numbers of outmigrant sockeye smolts could attract predators in the Ship 
Canal, millions of coho and Chinook smolts released from the Issaquah Hatchery would also be 
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present in the Ship Canal, resulting in increased predator attraction potential but also increased 
buffering. 

3.3.3 Primary Areas of Uncertainty Related to this Assessment 

How predators respond to changes in the abundance of the food supply is not fully understood.  
While there have been no direct studies, theoretical knowledge and indirect measures have been 
used to assess the potential responses of predators to changes in food abundance.  This is an area 
that will continue to be evaluated as new information becomes available. 

3.3.4 Monitoring and Adaptive Management 

3.3.4.1 Will predation be monitored? 

Ongoing assessments of the numbers of sockeye and Chinook fry entering Lake Washington and 
the numbers of pre-smolt sockeye remaining after one year in the lake will provide some 
information on mortality rates.  Most of this mortality is assumed to be from predation.  These 
results are expected to be published annually.  Whether predation will be studied in greater depth 
depends on the level of uncertainty associated with this effect, and that will be determined 
through the adaptive management process of setting priorities for monitoring.  There currently is 
a placeholder in the AMP for studies of predator abundance; however, these studies will be 
carried out only if studies of survival indicate a need for increased investigation or if additional 
resources can be found.   

3.3.4.2 How will the Adaptive Management Plan respond to monitoring results? 

The AMP recognizes the possibility that predation may become an issue and includes discussion 
of this factor.  However because the risk, even in a worst case analysis, is considered to be quite 
low, no specific studies are planned.  If other studies indicate that there are issues related to fry 
survival that need to be addressed, discussions would occur through the normal AMP decision-
making process and resources could be directed at studies of predator abundance.  The results of 
these studies could suggest changes in production levels or release strategies at the hatchery. 

3.3.4.3 What other research and monitoring efforts will support the evaluation of 
predation? 

Funding has been available in recent years to support the insertion and detection of passive 
integrated transponder (PIT) tags in sockeye, Chinook, and coho.  Tagged fish have been 
released from the Cedar River, Bear Creek Issaquah Hatchery, and within Lake Washington.  
This research has provided some indication of the losses of larger juvenile salmon that occur in 
Lake Washington.  Most of these losses are presumed to be due to predation.   
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3.4 Food Supply and Competition Impacts 

3.4.1 Context/Background of Potential Impacts 

3.4.1.1 What parameters were used to evaluate worst case impacts for food 
supply and competition? 

The impacts of competition for food supply can be measured directly as a reduction in the 
growth of juvenile Chinook or sockeye salmon in Lake Washington.  If there were insufficient 
food to sustain Chinook and/or sockeye as they rear in Lake Washington, then their growth rates 
would reflect that deficit.   

For Chinook salmon, the impact of competition was assessed for rearing juveniles and smolts in 
Lake Washington.  For sockeye salmon, competition impacts were also assessed for juveniles 
and smolts in Lake Washington.   

3.4.1.2 What worst case assumptions were used in the analysis of food supply 
and competition? 

The following assumptions were used in the worst case analysis for food supply and competition 
in addition to the general assumptions discussed in Section 1.6.2: 

• The current prey base for Chinook and sockeye during the time that these species 
overlap in Lake Washington will remain the same as presently occurs.  Chinook feed 
primarily on chironomid (midge) pupae.  Sockeye feed primarily on cyclopoid 
copepods (a type of small crustacean) offshore but also feed on chironomid pupae in 
nearshore areas (Beauchamp et al., 2004) during winter through spring, then feed 
predominantly on Daphnia from mid-May through December.    

• Variations in zooplankton densities will be unchanged from current conditions. 

• Food is not presently a limiting condition for sockeye.  This is based on the fact that 
(1) sockeye are currently thought to consume less than 20% of the available and 
exploitable biomass of prey in the lake; and (2) there has been no evidence of a 
reduction in growth of sockeye fry or smolts despite a five-fold increase in fry 
abundance in the lake over the past decade (10 million to 52 million fry) during 
operation of the interim hatchery (Beauchamp et al., 2004). 
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3.4.2 Worst Case Analysis for Food Supply and Competition 

3.4.2.1 Why are food supply and competition a concern for this project? 

Increased hatchery production of sockeye salmon fry would increase the consumption of 
zooplankton or other shared food resources in Lake Washington.  If food supply became limiting 
as a result, then the new hatchery could create negative impacts on growth and hence the survival 
of fry in the lake through competition. 

3.4.2.2 What did the workshop participants conclude related to food supply and 
competition? 

The workshop participants reached several key conclusions related to the worst case analysis for 
food supply and competition (below).  See the workshop summaries in Appendix B for 
additional details. 

Competition for food could have direct or indirect effects.  Competition could potentially 
increase the mortality of salmon directly (through starvation) or indirectly (by increasing 
vulnerability to predation because of reduced growth/smaller body size or debilitated condition). 

Chinook and sockeye salmon have different but overlapping feeding habits in the lake.  In 
Lake Washington, juvenile Chinook salmon feed almost exclusively on chironomid pupae from 
February until mid-May (Koehler, 2002), and grow more rapidly than either Chinook in stream 
habitats or sockeye in the lake during this period.  Juvenile sockeye salmon feed primarily on 
cyclopoid copepods during winter and early spring, but a relatively small segment of the juvenile 
sockeye population also eats chironomid pupae when captured in nearshore habitats (Beauchamp 
et al., 2004).  Therefore, an increased number of sockeye salmon in the lake could increase the 
demand on chironomid pupae in nearshore habitats where Chinook occur from February through 
mid-May.   

The supply of zooplankton in Lake Washington exceeds the demand by species that feed on 
zooplankton.  Zooplankton densities in the southern half of the lake decline dramatically in mid-
March through early April.  Despite this seasonal decline in food, the largest recorded population 
of sockeye fry consumed less than 20% of the biomass of exploitable zooplankton available in 
the southern regions of the lake, where most planktivorous species were distributed during winter 
and early spring.  When the population of Daphnia (a type of small crustacean) increases in mid-
May or early June, most planktivorous species switch to this abundant food source, and both 
sockeye and Chinook salmon feed heavily on Daphnia in offshore waters.  As the seasons 
progress, other species consume as much or more zooplankton than juvenile sockeye.  Yet 
despite the increased demand, the combined planktivore community consumes less than 5% of 
the average monthly biomass of Daphnia during the May-November growing season 
(Beauchamp, 1996, and unpublished data).   
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3.4.2.3 What is the likelihood of increased food competition affecting salmon in 
Lake Washington?  

The workshop panelists felt that the likelihood of increased competition affecting salmon in Lake 
Washington is low.  Juvenile Chinook salmon in the lake are unlikely to be affected by 
competition from the higher density of juvenile sockeye assumed under the worst case scenario.  
This is because of (1) the difference in habitat use and diet between juvenile Chinook and 
sockeye and thus the limited opportunities for competition, (2) the rapid growth rate of Chinook 
salmon in the lake during winter and spring, (3) the abundance of prey in the lake, and (4) the 
lack of evidence of reduced sockeye salmon growth in the lake with operation of the interim 
hatchery.  In addition, other factors such as releases of Chinook from the Issaquah Hatchery are 
more likely to result in direct competition for food with naturally spawned Chinook fry. 

3.4.2.4 What is the potential magnitude of the impact of increased food supply 
and competition on salmon in Lake Washington? 

The project is expected to have a neutral effect on Chinook and sockeye salmon through 
increased competition in Lake Washington, resulting in a less than a 5% reduction in survival. 

Similar to Chinook salmon, sockeye are unlikely to be significantly affected by competition due 
to the abundance and composition of prey in the lake.  Because sockeye salmon consume a 
relatively small fraction of the zooplankton forage base throughout the year, even a doubling of 
the number of sockeye salmon from current hatchery levels is not anticipated to significantly 
reduce the overall availability of food in the lake.  There is no evidence of reduced sockeye 
salmon growth in the lake during the operation of the interim hatchery despite substantial 
variability in the numbers of sockeye fry that enter the lake (Beauchamp et al., 2004).  Other 
factors such as the abundance of longfin smelt are more likely to influence competition for food 
in the lake (Beauchamp et al., 2004). 

3.4.2.5 What can be concluded about the impact to salmon in Lake Washington 
from food supply and competition? 

Due to the difference in habitat use and diet between juvenile Chinook and sockeye, and the 
rapid growth rate of Chinook salmon in the lake during winter and spring, juvenile Chinook 
salmon in the lake are unlikely to be affected by competition from the higher density of juvenile 
sockeye assumed under the worst case scenario.  Because the forage base for sockeye does not 
appear to presently limit growth, and because the proposed hatchery is not anticipated to create a 
condition whereby food would become limiting to sockeye, sockeye salmon are also not likely to 
be affected by increased competition as a result of the hatchery.  Some workshop participants 
noted that these assumptions are based on current levels of abundance and current species 
composition of prey in the lake, and that factors unrelated to the proposed hatchery, such as 
global warming or the introduction of new exotic species, could change these parameters and the 
resulting conclusions.    
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3.4.3 Primary Areas of Uncertainty Related to this Assessment 

The long-term trends of zooplankton dynamics are not entirely understood.  A warming trend has 
been recorded in Lake Washington that could influence zooplankton species composition and 
abundance.  Changes in nutrients could result from increased development around the lake and 
could continue to influence zooplankton populations. 

3.4.4 Monitoring and Adaptive Management 

3.4.4.1 Will food supply and competition be monitored?  

The growth of sockeye juveniles and other species will be monitored through March sampling 
each year.  Additional data will be collected in October in some years.  These data will be 
examined for trends as a function of planktivore abundance or biomass.  Zooplankton levels will 
be monitored in the spring to evaluate early feeding conditions for sockeye fry.  Reductions in 
growth could indicate that there is a problem with sufficient food resources in Lake Washington.  
Results will be reported annually.   

3.4.4.2 How will the Adaptive Management Plan respond to monitoring results? 

If monitoring suggests that salmonid growth rates are declining with increased abundance of 
sockeye, the AMP calls for an evaluation of the effects on adult returns and, if warranted, 
evaluating the cause of the decline.  The committees and Parties of the adaptive management 
process would assess zooplankton abundance over time and other available information on 
biological and physical parameters to determine the appropriate response.  The AMWG could 
recommend reducing or halting hatchery production, implementing additional studies to better 
understand the role of food resources in the detected reduction in growth rates, or other 
appropriate response strategies.  If it is apparent that growth rates are influenced by sockeye 
abundance, then hatchery production levels would likely be capped or reduced, depending on the 
committee recommendations and decision by the Parties to the LMA. 

3.4.4.3 What other research and monitoring efforts will support the evaluation of 
food supply and competition? 

The University of Washington had funding to collect zooplankton data in Lake Washington 
through 2004.  A long-term database exists for Lake Washington, allowing comparisons between 
years and detection of trends over decades.  These baseline data could be used to better 
understand if changes in sockeye production affect sockeye prey abundance and species 
composition.   
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3.5 Spawning Ground Competition Impacts 

3.5.1 Context/Background of Potential Impacts 

3.5.1.1 What parameters were used to evaluate worst case impacts related to 
spawning ground competition? 

The overall parameter considered for spawning ground competition between Chinook and 
sockeye salmon was reduced Chinook egg-to-fry survival.  Survival could be affected by: 

• The amount of energy expended by Chinook in defending their redds against sockeye; 

• Selection of spawning sites by Chinook in the presence of sockeye; and 

• Distribution of Chinook along the river as a function of the density of sockeye. 

3.5.1.2 What assumptions were used in the worst case analysis of spawning 
ground competition? 

Some of the general assumptions discussed in Section 1.6.2 were not applicable to this particular 
analysis.  Spawning ground competition is a result of increases in adult returns to the Cedar 
River, not increased production at the hatchery.  This analysis assumed that the adult returns to 
the river would increase by 50%, from approximately 200,000 adults to 300,000 sockeye 
(including hatchery fish) that might return with the proposed hatchery in operation.  The 
hatchery co-managers have established a target goal of 300,000 sockeye spawning in the Cedar 
River.   

3.5.2 Worst Case Analysis for Spawning Ground Competition  

3.5.2.1 Why is spawning ground competition a concern for this project? 

Spawning ground competition refers to competition between fish for spawning areas.  Spawning 
ground competition is a concern for this project because Cedar River Chinook salmon, which are 
listed as threatened under the Endangered Species Act, spawn in the Cedar River at about the 
same time as Cedar River sockeye.  Hypothetically: 

• An abundance of sockeye could displace Chinook to spawning sites of lesser quality 
or force Chinook to move farther upstream to spawn. 

• Chinook might need to expend more energy to guard their redds against sockeye, thus 
leading to earlier death of spawning Chinook and less time spent guarding their redds.   
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3.5.2.2 What did the workshop participants conclude related to spawning ground 
competition? 

The workshop participants reached several key conclusions related to the worst case analysis for 
spawning ground competition (below).  See the workshop summaries in Appendix B for 
additional details. 

Workshop participants agreed that Chinook salmon dominate on the spawning grounds 
and are not displaced by aggressive sockeye.  General observations confirm that sockeye tend 
to avoid Chinook.  Chinook do not appear to expend large amounts of energy in aggressive 
behavior toward sockeye.  Female Chinook are more assertive than males in defending spawning 
sites.  However, competition is primarily between salmon of the same species, except perhaps if 
disturbance is caused by sheer numbers of fish around the redd site of the Chinook.  The energy 
expended by Chinook in defending a female or a redd site from sockeye was considered minor 
compared with the interaction between Chinook.  Some scientists have observed that pink, chum 
and sockeye females do attack those of other species.  However, this was in a spawning channel 
where strong spatial segregation could not occur (T.  Quinn, personal communication, 2005).   

Observations in the Cedar River also indicate that Chinook may move to secondary areas 
where sockeye are not present, but these secondary sites are no less effective for spawning.  
Chinook appear to select different sites when sockeye are numerous than in years when sockeye 
are less abundant.  As stated above, this is not the result of aggressive behavior by sockeye, but 
rather it may indicate that Chinook are simply avoiding the annoyance of a large number of 
sockeye by moving to sites sockeye are not able to occupy.  Chinook generally spawn in areas 
that have greater depth and velocity than the areas where sockeye spawn.  Chinook can avoid 
sockeye by moving to such locations without difficulty, and without greater risk to the survival 
of Chinook eggs because of the size of gravel and depth of their redds in the favorable 
intergravel flows associated with deeper water.   

An abundance of sockeye is unlikely to cause Chinook to move substantial distances 
upstream or downstream.  Deeper or faster water is more likely to be the alternative selected 
by Chinook for spawning than areas farther upstream.  The timing and location of spawning are 
related to water temperature; for example, fish spawn at different locations early in the season 
than later spawning fish.  This suggests that Chinook maywould move to deeper or faster water 
in the same general area to avoid an abundance of sockeye, rather than moving upstream or 
downstream for any substantial distance (Brannon and Powell et al., 2004b).   

3.5.2.3 What is the likelihood that spawning ground competition will occur? 

While Chinook may spawn in different areas due to the presence of sockeye, this represents 
avoidance behavior as opposed to competition.  When there is avoidance behavior, Chinook may 
alter their spawning locations in response to the presence of sockeye, but their new choice would 
be equally as suitable as that now occupied by sockeye.  In contrast, competition presumes that 
the alternative spawning location chosen by Chinook would be less suitable than the location 
now occupied by sockeye.  The workshop panelists agreed that the likelihood that spawning 
ground competition will occur is low. 



July 14, 2005 

Cedar River Sockeye Hatchery Project – Final Supplemental EIS Seattle Public Utilities 
Chapter 3 – Worst Case Analysis 

3-39 

3.5.2.4 What is the magnitude of the potential impact from spawning ground 
competition on Chinook salmon? 

Under the worst case scenario, increased adult returns of sockeye would result in an insignificant 
reduction in the energy available for spawning by Chinook.  This would translate into a low 
probability of a minor reduction in survival of Chinook (estimated at a 100% chance of reducing 
Chinook egg-to-fry survival by less than 10%).   

The workshop panelists also agreed that displacement of Chinook from preferred spawning sites 
as a result of high densities of sockeye would also have a low impact, although there was slightly 
more variation in their conclusions than in the previous discussion.  The possibility that Chinook 
would experience higher egg mortality if they were displaced is estimated at a 50% to 100% 
probability of a less than 10% impact on Chinook survival, and a 25% to 50% probability of a 
10% to 20% impact on Chinook survival.  This implies that under what would be considered 
typical conditions (with little interactive behavior), Chinook salmon egg-to-fry survival would 
not be influenced. 

3.5.2.5 What can be concluded about the impacts to Chinook survival from 
spawning ground competition? 

The potential effect of increased sockeye density on Chinook salmon selection of spawning sites 
appears to be primarily a nuisance factor.  Chinook are not displaced to poor-quality sites 
because of aggressive interference from sockeye.  Chinook may move to secondary areas to 
avoid large numbers of sockeye, but these secondary areas are probably as effective for 
spawning.  An abundance of sockeye is unlikely to cause Chinook to move substantial distances 
upstream or downstream.  The workshop group generally agreed that the potential risk to 
Chinook survival from spawning ground competition by sockeye salmon is low.    

3.5.3 Primary Areas of Uncertainty Related to this Assessment 

There is limited information regarding the frequency of occurrence or the magnitude of impact as 
a result of spawning ground competition in the Cedar River.  Most of the conclusions reached 
were extrapolated from data or observations in other basins and/or relative to other species.  
Information on Chinook and sockeye interactions in the Cedar River is largely anecdotal.      

3.5.4 Monitoring and Adaptive Management 

3.5.4.1 Will spawning ground competition be monitored? 

The data needed to calculate fry production per spawner are currently collected and will 
continue.  This overall assessment is affected by many factors, but is intended to detect trends 
over time.  Spawning ground competition could be one of many factors that could affect the 
survival rate.  Annual redd surveys will continue to note Chinook/sockeye interactions on the 
spawning grounds. 
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3.5.4.2 How will the Adaptive Management Plan respond to monitoring results? 

Data on survival rates of Chinook will be evaluated in the adaptive management process.  If an 
unusual decline in Chinook incubation survival rate occurs, an evaluation will be made of 
whether additional research into the underlying causes or some other change is warranted.  
Among the actions which could be recommended by the AMWG would be altering release 
locations, reducing or stopping hatchery production, or modifying harvest to reduce the 
escapement goal. 

3.5.4.3 What other research and monitoring efforts will support the evaluation of 
spawning ground competition? 

The Chinook redd surveys are currently funded by the King Conservation District.  The 
occurrence of redds is used to establish an alternative estimate of Chinook spawning in the Cedar 
River. 

3.6 Superimposition Impacts 

3.6.1 Context/Background of Potential Impacts 

3.6.1.1 What parameters were used to evaluate worst case impacts from 
superimposition? 

The overall parameter considered for superimposition impacts between Chinook and sockeye 
salmon was reduced Chinook salmon survival.  For superimposition, survival could be affected 
by: 

• The percent of surface overlap between sockeye redds and Chinook redds; 

• The percent of sockeye females large enough to penetrate Chinook egg pockets; and 

• Increased siltation associated with redd formation and spawning activity. 

After further discussion, workshop participants dismissed siltation from the analysis because 
they felt that it was a minor influence on the incubation process.  Siltation in Chinook redds 
could result from the combination of silt effects from the bedload as well as disturbance of the 
substrate by spawning sockeye.  The Cedar River was thought to carry a relatively low level of 
silt in its bedload.  The participants referred to research on the effect of siltation in other river 
systems (Bjornn and Reiser, 1991).  That work suggests that the projected increase in adult 
sockeye mobilizing silt in the Cedar River environment would not have a significant effect on 
the survival of eggs in Chinook redds in the Cedar River.   
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3.6.1.2 What assumptions were used in the worst case analysis for 
superimposition? 

The following assumptions were used for the worst case analysis for superimposition of redds: 

• The workshop group assumed that only 5% of the sockeye females would be large 
enough to be able to modify the large substrates in the egg pocket of a Chinook redd.   

• A sockeye redd in the Cedar River will overlap about 10% to 15% of the area 
occupied by a Chinook redd (K.  Burton, personal communication, 2004). 

• The worst case would be two to three sockeye redds superimposed on all Chinook 
redds.  This would result in an estimated 20% to 45% of the Chinook redd surface 
area being impacted by spawning sockeye.   

3.6.2 Worst Case Analysis for Superimposition 

3.6.2.1 Why is superimposition a concern for this project? 

Superimposition occurs when a salmon digs a redd that overlaps into the existing redd of another 
salmon.  For this project, the issue is the superimposition of sockeye redds on top of existing 
Chinook redds.  As mentioned previously, Cedar River Chinook salmon are listed as threatened 
under the Endangered Species Act.  Superimposition is a concern because: 

• Digging by sockeye into a Chinook redd could damage or dislodge Chinook eggs or 
alevins. 

• Digging by sockeye could cause silt to settle around and smother Chinook eggs if the 
alevin stage is not reached or the alevin is not mobile enough to escape.   

3.6.2.2 What did the workshop participants conclude related to superimposition? 

The workshop participants reached several key conclusions related to the worst case analysis for 
redd superimposition (below).  See the workshop summaries in Appendix B for additional 
details. 

Chinook redds are deeper than sockeye redds and contain larger substrate (Crisp and 
Carling, 1989; Devries, 1997; Steen and Quinn, 1999).  While species differences exist in 
average redd depth, the primary factor responsible for spawning depth is fish size.  Chinook 
redds are deeper than sockeye redds because Chinook are larger.  The cobble that defines the 
nest pocket of a Chinook redd is too large for most sockeye to move easily and thus provides a 
protective barrier against sockeye digging activity.   

The potential risk for disturbing Chinook eggs is limited to the largest sockeye (assumed to 
represent only 5% of the sockeye females).  Based on size data for Chinook and sockeye 
salmon provided by workshop participants (WDFW unpublished data), there is very little overlap 



July 14, 2005 

Cedar River Sockeye Hatchery Project – Final Supplemental EIS Seattle Public Utilities 
Chapter 3 – Worst Case Analysis  

3-42 

in size between the smallest Chinook females and the largest sockeye females.  For purposes of 
this discussion an overlap of 5% was assumed.  Size was considered important because the depth 
of redd digging by female salmon is affected by the salmon’s size.  Therefore, the potential 
impact of superimposition is mainly limited to only the largest sockeye.   

The timing of female Chinook guarding behavior would limit impacts to Chinook eggs.  
Sockeye have been observed to move onto Chinook redds as soon as the redds are vacated, but 
Chinook eggs are not as susceptible to mechanical disturbance after 10 days of development as 
they are earlier in their development.  Chinook females live in the stream for most or all of that 
period, which means that during most of the sensitive embryo development stage, the eggs are 
protected by the female guarding the redd.  Once the female vacates the redd, mortality of eggs 
after that 10-day period would have to be from excavation rather than shock abuse.  Eyed eggs 
are susceptible to predation once they are excavated from the nest pocket, but alevins tend to 
burrow in the gravel and remain hidden when disturbed by excavation.   

3.6.2.3 What is the likelihood that superimposition will occur? 

Existing data demonstrate that high rates of superimposition do occur in some years.  However, 
even if all Chinook redds are superimposed with spawning activity from sockeye, the likelihood 
of significant mortality is low.  As stated above, the area of a Chinook redd that could be 
superimposed by a single sockeye redd is 10% to 15%.  More importantly, the sockeye would 
have to remove the larger substrate in which the Chinook eggs are nested.  As Chinook dig their 
nests, the large cobble sinks to the bottom of the excavation because the Chinook cannot remove 
it out of the nest pocket.  Even if sockeye females could dig deep enough to reach the Chinook 
eggs, they would be expected to have difficulty moving the cobble that defines the nest pocket 
that protects the Chinook eggs. 

3.6.2.4 What is the magnitude of potential impacts to Chinook survival from 
superimposition? 

Under the worst case assumptions identified above, including an abnormally large proportion of 
sockeye females capable of digging as deep as Chinook salmon, 1.5% of all Chinook eggs could 
die prior to hatching.   

This calculation was based on the following assumptions:  (1) Every Chinook redd has, on 
average, three sockeye redds superimposed on it (100% superimposition); (2) each sockeye redd 
is independent of the other and each covers 10% of the Chinook redd (30% of the area of all 
Chinook redds are therefore subject to superimposition); and (3) 5% of the sockeye are large 
enough to dig deeply enough to affect Chinook eggs in the redd (all Chinook eggs affected by 
these large sockeye are assumed to die).  The result of making these worst case assumptions is 
the loss of 1.5% of the Chinook eggs that are deposited in the river. 

If one used the higher figure of 15% for the area of superimposition by individual sockeye 
females, the final calculation would be a 2.25% loss of Chinook eggs in the river.  Thus, even 
assuming 100% superimposition, a large surface disturbance, and mortality of all of the eggs in 
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each area of superimposition, only a small proportion of the egg population would be affected 
under worst case assumptions.  Therefore, the workshop panelists felt the potential magnitude of 
impact is low to non-existent.   

This conclusion of impact is supported by the information collected by WDFW on Chinook fry 
production in the Cedar River.  Dave Seiler of WDFW referred to data at the workshop that 
showed estimates of survival for Chinook from the egg to fry stages for 5 years.  In brood year 
2002, the highest documented superimposition rate (88%) (Burton et al., 2003) corresponded to 
the highest Chinook survival rate since brood year 1998, when Chinook estimates were first 
made.  If superimposition were having a substantial impact, the results from brood year 2002 
would be very unlikely. 

3.6.2.5 What can be concluded about the potential impacts to Chinook survival 
from superimposition? 

The workshop group concluded that the impact from redd superimposition would be minor, with 
the probability for a reduction in survival of less than 10%.  This was the lowest range of impact 
that the group could have chosen in its analysis.   

3.6.2.6 Primary Areas of Uncertainty Related to this Assessment 

There is limited information regarding the frequency of occurrence or the magnitude of impact as 
a result of redd superimposition in the Cedar River.  Most of the conclusions reached were 
extrapolated from data or observations in other basins and/or relative to other species.  
Information on Chinook and sockeye interactions in the Cedar River is largely anecdotal. 

In addition, the exact length of time that female Chinook salmon guard their redds is uncertain, 
as is the precise burial depth of eggs.  It is unknown if sockeye activity on or near Chinook redds 
early during incubation would create additional mortality directly, through movement of the 
eggs, or indirectly, by creating additional water turbulence.  It is also unknown how redd depth 
might change if two or more sockeye redds overlap and what the corresponding effect would be 
if this occurred within a Chinook redd.   

3.6.3 Monitoring and Adaptive Management 

3.6.3.1 Will superimposition be monitored? 

The fry trapping operation near the mouth of the Cedar River will continue to assess annual 
Chinook production from the river.  Adult surveys funded by non-project sources are collecting 
data on Chinook abundance and redd superimposition.  The average number of Chinook 
produced per spawner (adjusted for flow) will be compared with the superimposition rate to see 
if a significant relationship is detected over time. 



July 14, 2005 

Cedar River Sockeye Hatchery Project – Final Supplemental EIS Seattle Public Utilities 
Chapter 3 – Worst Case Analysis  

3-44 

3.6.3.2 How will the Adaptive Management Plan respond to monitoring results?  

Data from surveys and fry trapping will be evaluated in the adaptive management process.  Data 
from all years will be evaluated to see if there is evidence for a relationship between the 
superimposition rate and Chinook egg-to-fry survival rates after accounting for environmental 
variables.  If there is evidence for a relationship, the TWG will assess the potential causes and 
make recommendations for an appropriate response.  This information will be forwarded to the 
Parties to the LMA and/or the hatchery co-managers.  Possible responses would include 
reduction or cessation of hatchery production or increases in harvest to lower the number of 
sockeye spawning in the river. 

3.6.3.3 What other research and monitoring efforts will support the evaluation of 
superimposition? 

Cedar River adult Chinook surveys are supported by King Conservation District, WDFW, King 
County, and the City of Seattle.  While continued funding of these surveys is not guaranteed, 
these surveys are expected to continue for some time due to the importance of the data to 
monitoring and managing a population listed under the Endangered Species Act. 

The USGS records river flow data that is needed to account for the effects of scour on survival 
during incubation. 

3.7 Cumulative Impacts 

Numerous factors may affect the long-term potential for a self-sustaining sockeye population in 
the Lake Washington basin.  These include the gradual warming of Lake Washington, effects of 
urbanization including altered flow regimes, increased nutrient and pollutant loads, increased 
levels of sedimentation, loss of riparian habitat, and increased fishing pressure.  These factors 
may ultimately play a more significant role in determining the long-term viability of sockeye in 
the Lake Washington basin than potential impacts to genetics from hatchery operations.  It will 
be important to consider all of these factors as the Lake Washington system evolves, 
acknowledging that genetic impacts are only a part of the entire system.  Genetic diversity will 
be one of several factors affecting the ability of salmon to adapt to environmental changes.   

Changes in predation rates caused by increased hatchery production may be a small component 
relative to the factors affecting the long-term population dynamics of sockeye or other salmonid 
populations.  Basin-wide changes in nutrient additions associated with increased urbanization 
have had far-reaching impacts on the productivity of Lake Washington.  Introductions of fish 
have affected both predator and prey abundance.  In addition, continued changes in the 
temperature regime of the lake could change the interactions between predation and growth in 
ways that could be significant.  The predator population has been supplemented through the 
introduction of non-native species.  The abundance of various predatory species may change 
over time as they become established or as they respond to changes in their environment.  
Because of the complex array of factors that influence predation dynamics, there is less than a 
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5% chance that the impacts from hatchery operations would result in a significant change in 
predation in any one year.  Predation effects would be variable and isolated among years, rather 
than being cumulative over the 50-year life of the project.   

Environmental changes beyond the control of hatchery managers have a potential to affect food 
supply and competition in the Lake Washington system more significantly than increased 
competition from the additional hatchery releases.  These include changes in the thermal regime 
within the lake and the nutrient balance, which could affect zooplankton distribution, density, 
and composition.  The potential for competition from the 17 million additional hatchery fry to 
result in biologically significant impacts is seen as very low, but the combination of all factors 
affecting salmon in the Lake Washington system could ultimately result in reduced salmon 
populations. 

Similarly, the potential for spawning ground competition or redd superimposition from the 
release of up to 17 million additional sockeye fry to result in biologically significant impacts is 
considered to be very low, but the combination of all factors affecting salmon in the Lake 
Washington system could ultimately result in reduced Chinook salmon populations.  Several 
environmental conditions occur within the Cedar River that are beyond the control of hatchery 
managers and have a potential to affect Chinook egg and fry survival.  These factors include 
scour from flooding, low water levels that might dewater Chinook redds, streamside 
developments that increase the amount of fines in the spawning gravel, siltation due to 
development activity, bank hardening that reduces the recruitment of spawning gravels, and 
increases in water temperature.   

While each of these factors appears to individually play a relatively minor role in the overall 
potential for the long-term sustainability of salmon in the Lake Washington system, the 
cumulative effect of these factors could become additive and result in more significant impacts.  
For example, the current level of predation, which is not likely to increase measurably due to the 
release of additional sockeye fry, could become more of a concern if there were genetic impacts 
as a result of domestication that decreased the ability of juvenile fry to avoid predators.  If 
domestication selection within the Cedar River increased the tendency of Cedar River fish to 
stray, this could increase the potential genetic impact on Bear Creek sockeye as a result of 
straying. 

The density-dependent nature of many of these potential impacts could have a mitigating effect 
that would limit the likelihood of all of these factors occurring in concert.  For example, if 
genetic impacts resulted in lowered fitness, and therefore lower adult returns to the Cedar River, 
straying, superimposition, and spawning ground competition would be less of a concern.   
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Chapter 5  
Glossary 

Adaptation: The process or result of adapting to a new temperature, altitude, climate, 
environment, or situation.  This process often involves evolutionary 
changes. 

Adaptive Management 
Plan: 

A framework that is designed to avoid, minimize, and mitigate potential 
adverse environmental effects of a project that may have significant 
uncertainties.  An Adaptive Management Plan identifies areas of 
uncertainty and how project proponents would identify and respond to 
those uncertainties as the project progresses. 

Adfluvial Fish: Species that rear as adults in a lake and spawn in a river or tributary to a 
river. 

Alevin: The life stage of fish that occurs after hatching. Alevins are newly hatched 
fish with attached yolk sacs; the stage ends when the yolk is entirely 
absorbed and the free-swimming fish is called a fry. 

Anadromous Fish: Species, such as salmon, which are spawned in fresh water, spend a large 
part of their lives in the sea, and return to fresh water rivers and streams to 
spawn. 

Bedload Movement: Downstream movement of silt, sand, coarse-grained gravels, and cobbles 
in a river or stream. 

Benthic: Living on the bottom of a body of water. 

Broodstock: Adult fish used for breeding in a hatchery. 

Composite Stock: A fish stock where fish raised in a hatchery and naturally spawning fish 
are managed as a single population. 

Daphnia: A genus of crustacean zooplankton that is important in the Lake 
Washington food web. 

Disease-Free Water: In the context of the proposed sockeye hatchery project, a water supply 
that is free of IHN virus and other agents that may be harmful to 
incubating eggs or fry, especially in the hatchery environment. 

Diversity:  In ecology, the number of species of plants and animals within a defined 
area. Diversity is measured by a variety of indices that consider the 
number of species and, in some cases, the relative abundance among 
species. 
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Domestication:  The process by which hatchery operations or management decisions result 
in the production of fish that have traits that make them more adapted to a 
hatchery environment, but less adapted to the natural environment.  The 
process might result from deliberate or inadvertent selection. 

Environmental Impact 
Statement (EIS):  

A document prepared under the State Environmental Policy Act to 
systematically analyze the effects proposed actions will have on the 
environment. 

Fecundity: The number of eggs produced at maturity by a female fish. 

Fitness: See reproductive fitness. 

Food Web:  The predator-prey relationships between various organisms in a given 
ecosystem. 

Fry: A free-swimming, juvenile salmonid that has recently emerged from the 
gravel and has fully absorbed its yolk sac. 

Gene:  The basic unit of inheritance. Genes play a fundamental role in 
determining the nature of cell substances, cell structures, and cell effects. 
Genes have properties of self-perpetuation and variation. 

Genetic Diversity: The overall variation of genes that are possible within an entire population 
at a given time, commonly referred to as the “gene pool.”  The more 
genetic variation there is in a population, the better the chance that at least 
some individuals will have a trait that would allow them to survive and 
reproduce under a stressful condition in the future.   

Habitat Conservation Plan 
(HCP):  

As defined under Section 10 of the federal Endangered Species Act, a plan 
required for issuance of an incidental take permit for a listed species. 
HCPs can address multiple species, both listed and unlisted, and can be 
long term. HCPs provide for the conservation of the species addressed, 
and provide certainty for permit applications through an implementation 
agreement between the Secretary of the Interior or Secretary of Commerce 
and a non-federal entity. 

Habitat:  The specific area or environment in which a particular type of plant or 
animal lives.  

Homogenization: The process by which two or more genetically distinct populations are 
transformed into a single mixed population.  The effects of 
homogenization are similar to the effects of straying, but they may occur 
within the various subpopulations or distinct reproducing groups of a 
single river or stream system (such as the Cedar River) rather than being 
spread across an entire basin (such as the Lake Washington basin). 

Implementation 
Agreement:  

A part of the application for an incidental take permit for an approved 
HCP; an agreement that specifies the terms and conditions, resources, 
schedule or activities, and expectations for the parties to the agreement. 

Incubation:  The process by which fertilized eggs grow and differentiate. 
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Incubators:  Structures used for artificially incubating fertilized eggs. 

Infectious Hematopoietic 
Necrosis (IHN) Virus:  

A viral pathogen present in nearly all populations of sockeye salmon, and 
some populations of steelhead trout and Chinook salmon, which causes 
the potentially fatal disease infectious hematopoietic necrosis. 

Invertebrates: Animals without backbones. 

Mainstem Habitat:  Habitat in larger river channels (as opposed to habitat in smaller 
tributaries). 

Marked Fry:  See otolith marking. 

Migration Barrier:  A barrier across a stream, such as a dam, culvert, or a natural waterfall, 
that prevents fish from migrating up or downstream. 

Mitigation:  Under SEPA, mitigation is defined as the use of any or all of the following 
measures: avoiding the impact altogether by not taking a certain action or 
parts of an action; minimizing impacts by limiting the degree or 
magnitude of the action or its implementation by using appropriate 
technology or by taking affirmative steps to avoid or reduce impacts; 
rectifying the impact by repairing, rehabilitating, or restoring the affected 
environment; reducing or eliminating the impact over time by preservation 
or maintenance operations during the life of the action; compensating for 
the impact by replacing, enhancing, or providing substitute resources or 
environments; monitoring the impact and taking appropriate corrective 
measures (SEPA, WAC 197-11-768).  

Mortality:  Death of individuals within a given population. 

Natal System:  In the context of this project, the system into which a fish emerges, and to 
which it is likely to return at maturity.  

Natural Selection:  Darwin’s theory of evolution according to which organisms tend to 
produce more offspring than can be supported and, in the struggle for 
existence that ensues, only those offspring with favorable variations 
survive. 

Otolith Marking:  Thermal otolith marking is accomplished by artificially creating a fairly 
rapid change in water temperature within the incubators of approximately 
4oC (either higher or lower), over a period of 8 to 24 hours.  This induces 
bands on the otoliths (inner ear bones of the fish) that can be detected 
under a microscope. 

Outmigration: The process of juvenile fish migrating from one rearing environment to 
another. 

Parties: In the context of this project, the Parties to the Landsburg Mitigation 
Agreement, which include the Washington Department of Fish and 
Wildlife, U.S. Fish and Wildlife Service, NOAA Fisheries (formerly 
referred to as National Marine Fisheries Service (NMFS)), and City of 
Seattle. 
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Phenotypic Traits: Observable traits or characteristics of an organism. 

Planktivorous Fish 
Species:  

Fishes that eat plankton (small plants and animals that drift in water). 

Redd:  The nesting site created by female salmon and trout, consisting of a series 
of discrete egg pockets buried beneath the surface of the stream or lake.  
The redd is formed by the digging action of the female fish.  

Reproductive Fitness:  The ability of spawning fish to produce offspring that survive to 
successfully reproduce. 

Salmonids: All members of the family Salmonidae, which includes the genus 
Oncorhynchus, including species whose common names are Chinook, 
steelhead, coho, and sockeye, as well as other genera of closely related 
fishes. 

Scour:  Removal of river substrate by a powerful current of water. 

Smolt:  The life stage of a juvenile salmon when it migrates to salt water, 
involving physiological changes that adapt an individual for the change 
from fresh to salt water. 

Spawn:  When an aquatic animal deposits or releases eggs or sperm. 

Spawning Channel:  A constructed side channel, replicating natural conditions for salmonid 
spawning. Typically constructed as a form of mitigation. 

State Environmental Policy 
Act (SEPA):  

The state law that requires all state and local government agencies to 
consider and analyze the adverse environmental impacts of any action 
proposed by those agencies, to inform and involve the public in the 
agency’s decision-making process, and to consider the environmental 
impacts in the agency’s decision-making process. 

Straying: When salmon returning from the ocean to spawn do not return to the 
stream or river in which they reared (their natal stream) but rather enter 
and spawn in a different stream, river, or other spawning area. 

Superimposition: When a salmon digs a redd that overlaps (i.e., is superimposed over) the 
existing redd of another salmon. 

Thresholds:  Limits at which certain actions are triggered. 

Turbidity:  A measure of the amount of material, such as silt or organic debris, 
suspended in water. Increasing the turbidity of water decreases the amount 
of light that penetrates the water column. High levels of turbidity are 
harmful to aquatic life.  EPA and the Washington Department of Health 
set standards for turbidity in drinking water. 

Watershed:  The geographic region within which water drains into a particular river, 
stream, or body of water. 
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Weir:  A fence or enclosure set in a waterway for blocking fish passage or 
capturing fish. 

Zooplankton: Small animals that drift or swim in water. 
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James Karr 
Aquatic & Fishery Sciences 
University of Washington 
Box 355020  
Seattle, WA  98195-5020   
 
David Montgomery 
Earth & Space Sciences 
University of Washington 
Box 351310  
Seattle, WA  98195-1310 
 
Julia Parrish 
Aquatic & Fishery Sciences 
University of Washington 
Box 355020  
Seattle, WA  98195-5020 
 
Thomas P. Quinn 
Aquatic & Fishery Sciences 
University of Washington 
Box 355020 
Seattle, WA  98195-5020   
 
James  Scanlan 
UW-Health Sciences Center 
Dept. of Psychiatry/Behavioral Sciences 
Box 356560 
Seattle, WA  98195 
 
Daniel Schindler, Ph.D. 
Dept. of Zoology 
University of Washington 
Box 351800 
Seattle, WA  98195-1800 
 
Eugene Welch 
Civil & Environmental Engineering 
University of Washington 
Box 352700 
Seattle, WA  98195-2700   
 
Robert Wissmar 
UW Fishery Sciences Bldg. 
1122 N.E. Boat St. 
Seattle, Wa  98195-5020 
 
 
 

Rob Masonis 
American Rivers 
150 Nickerson Street, Suite 311 
Seattle, WA  98109   
 
Campaign for the Northwest 
615 Second Ave., Ste. 380 
Seattle, WA  98104   
 
Alayne Blickle 
Cedar River Council 
17717 – 252nd Ave. SE 
Maple Valley, WA  98038 
 
Richard Bonewits 
Cedar River Council 
20114 SE 206th St. 
Maple Valley, WA  98038 
 
Joan Burlingame 
Cedar River Council 
25119 SE 262nd St. 
Ravensdale, WA  98051 
 
Judith Fillips 
Cedar River Council 
3405 SE 7th St. 
Renton, WA  98058  
 
Suzanne Flagor 
Cedar River Council 
19901 Cedar Falls Rd. SE  
North Bend, WA  98045   
 
Randall Jeric 
Cedar River Council 
24128 SE 241st 
Maple Valley, WA  98038  
 
Ron Henkel 
Cedar River Council 
24620 SE Summit-Landsburg Rd. 
Ravensdale, WA  98051 
 
Steve Linder 
Cedar River Council 
22530 SE 206th St. 
Maple Valley, WA  98038 
 



July 14, 2005 

Cedar River Sockeye Hatchery Project – Final Supplemental EIS Seattle Public Utilities 
Chapter 6 – Distribution List  

6-10 

Matt Livengood 
Cedar River Council 
1771 252nd Ave. SE 
Maple Valley, WA  98038   
 
Jay Mirro 
Cedar River Council 
935 Powell Ave. SW 
Renton, WA  98055 
 
Jeff Neuner 
Cedar River Council 
17217 SE Jones Rd. 
Renton, WA  98058   
 
Don Nettleton 
Cedar River Council 
c/o Nathan Brown 
201 S. Jackson St. #600 
Seattle, WA  98104   
 
Martha Parker 
Cedar River Council 
18028 187th Ave. SE 
Renton, WA  98058 
 
Pete Newing 
Cedar River Council 
6802 Lake Washington Blvd. SE 
Newcastle, WA  98056   
 
Max Prinsen 
Cedar River Council 
c/o Nathan Brown 
201 S. Jackson St. #600 
Seattle, WA  98104 
 
Randy Rogers 
Cedar River Council 
22731 Dorre Don Court SE 
Maple Valley, WA  98038   
 
Laura Sapieszko 
Cedar River Council 
c/o Nathan Brown 
201 S. Jackson St. #600 
Seattle, WA  98104   
 
 
 

Craig Sears 
Cedar River Council 
13316 NE 89th St. 
Redmond, WA  98052 
 
Homer Venishnick 
Cedar River Council 
518 S 17th St. 
Renton, WA  98058 
 
Joe Willaford 
Cedar River Council 
20851 SE 184th St. 
Maple Valley, WA  98038   
 
Terry Flynn 
Cedar River Naturalist 
2010 NE 70th St. 
Seattle, WA  98115   
 
Karen Allston 
Center for Environmental Law & Policy 
2400 N. 45th Street, Ste. 101 
Seattle, WA   98103 
 
Dean Albertson 
Eastside Steelheaders 
PO Box 7373 
Bellevue, WA  98008-1373   
 
John Dunkel 
Eastside Steelhead Club 
13020 – 172nd Ave. SE 
Renton, WA  98059-8647   
 
Roslyn Glasser 
Friends of the Cedar River Watershed 
5609 Greenwood Ave. N. 
Seattle, WA  98103 
 
Joel Sisolak 
Friends of the Cedar River Watershed 
6512 – 23rd Ave. NW, Room 201 
Seattle, WA  98117 
 
Shawn Cantrell 
Friends of the Earth, NW Office 
6512 – 23rd Ave. NW, Ste. 320 
Seattle, WA  98117   
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Steve Bell 
Friends of Issaquah Hatchery 
125 W. Sunset Way 
Issaquah, WA  98027   
 
Mike & Donna Brathovde 
Friends of Rock Creek 
PO Box 8 
Ravensdale, WA  98051 
 
Wade & Tania Holden 
Friends of the Trail 
PO Box 1124 
North Bend, WA  98045   
 
Steve Scott 
Four Lakes Community 
16737 236th Ave. SE 
Issaquah, WA  98027   
 
Greater Maple Valley Black Diamond 
Chamber of Commerce 
P.O. Box 302 
Maple Valley, WA 98038 
 
Steve Leahy 
Greater Seattle Chamber of Commerce 
1301 Fifth Ave., #2400 
Seattle, WA  98101-2611   
 
Hi Line Sportsmen’s Club 
PO Box 66023 
Burien, WA  98166   
 
John Kelly 
King County Outdoor Sports Council 
1612 SW 166th St. 
Seattle, WA  98166 
 
David Yeaworth 
League of Conservation Voters 
3610 – 24th Ave. S. 
Seattle, WA  98144 
 
Kerry Peterson 
League of Women Voters 
3429 Wallingford Ave. N 
Seattle, WA  98103   
 

Barbara Cairns 
Long Live the Kings 
1305 – 4th Ave., Ste. 810 
Seattle, WA  98101   
 
Fred McCarty 
Maple Valley Area Council 
17000 – 196th Ave. SE 
Renton, WA  98058 
 
Allen Miller 
Mid-Puget Sound Fisheries  
Enhancement Group 
7400 Sand Point Way NE 
Seattle, WA  98115   
 
Troy Fields 
Mid-Puget Sound Fisheries  
Enhancement Group 
7400 Sand Point Way NE 
Seattle, WA  98115 
 
The Mountaineers 
Conservation Division 
300 – 3rd Ave. W. 
Seattle, WA  98119   
 
The Nature Conservancy 
217 Pine St., Suite 1100 
Seattle, WA  98101 
 
Bill Bakke 
Native Fish Society 
PO Box 19570 
Portland, OR  97280   
 
North Olympic Timber Action Committee 
PO Box 1057 
Port Angeles, WA  98362   
 
Bob Gala 
NW Energy Coalition 
219 1st Ave. S., Ste. 100 
Seattle, WA  98104 
 
Craig Burgess 
Northwest Fly Anglers 
PO Box 75212 
Seattle, WA  98125   
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Michael Campbell, President 
Northwest Marine Trade Association 
1900 N. Northlake Way, Suite 233 
Seattle, WA 98103-9087 
 
Northwest Sportfishing Industry Association 
PO Box 4 
Oregon City, OR  97045 
 
Jasmine Minbashian 
Pacific Crest Biodiversity Project 
4649 Sunnyside Ave. N., #321 
Seattle, WA  98103 
 
Pacific Crest Biodiversity Project 
4649 Sunnyside Ave. N, #321 
Seattle, WA  98103   
 
Jennie Goldberg 
Paddle Trails Canoe Club 
3048 – 62nd Ave. SW 
Seattle, WA  98116   
 
Protect Our Watershed Alliance 
4649 Sunnyside Ave. N., #321 
Seattle, WA  98103 
 
Jack Ballard 
Puget Sound Anglers, Lake WA 
6996 SE 34th 
Mercer Island, WA  98040   
 
Warren Rosand 
Puget Sound Anglers 
25724 – 17th Ave. S 
Des Moines, WA   98098 
 
Clint Muns 
Puget Sound Anglers 
51 SE Arabian Road 
Shelton WA  98584 
 
Charles L. Wischman 
Puget Sound Anglers, Lake WA 
4007 West Mercer Way 
Mercer Island, WA  98040-3319   
 
 
 

Pete Knutson 
Puget Sound Gillnetters Association 
4602 SW Frontenac 
Seattle, WA  98136   
 
John MacDonald 
Puget Sound Gillnetters Association 
7710 S. 106th St. 
Seattle, WA  98178 
 
Bret Barnecut 
Puget Sound Gillnetters Association 
9460 – 48th Ave. SW 
Seattle, WA  98136 
 
Mike Gilchrist 
Recreational Fishing Alliance 
2708 SW 346 St. 
Federal Way, WA  98023 
 
LeRoy Millard, Fishing Chairman 
Renton Fish and Game Club 
4401 S. 166th St. 
SeaTac, WA  98188-3230   
 
Nick Cullen 
River Council of Washington 
1731 Westlake Ave. N. #202 
Seattle, WA  98109   
 
Sarah Humphries 
River Council of Washington 
1731 Westlake Ave. N. #202 
Seattle, WA  98109 
 
Kevin Kunnanz 
Renton Lions Club 
2033 Dayton Drive SE 
Renton, WA  98056   
 
Monte Evans 
Renton Lions Club 
26809 Military Rd. S. 
Kent, WA  98032 
 
John D. Kelly 
The Salmonid Foundation 
17623 1st Avenue S. Apt 125 
Normandy Park, WA 98148 
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Save Lake Sammamish 
1420 NW Gilman Blvd., Ste. 2565 
Issaquah, WA  98027   
 
Nicole Cordan 
Save Our Wild Salmon 
2031 SE Belmont 
Portland, OR  97214   
 
Chris Peterson 
Seattle Audubon Society 
8050 – 35th Ave. NE 
Seattle, WA  98115   
 
Richard Youel 
Seattle Audubon Society 
8050 – 35th Ave. NE 
Seattle, WA  98115   
 
Siegfried F. Kiemle 
Seattle Poggie Club 
18032 – 40th Ave. W. 
Lynnwood, WA  98037-3816   
 
Henry Zebroski 
Seattle Poggie Club 
3209 Hoyt Ave. #202 
Everett, WA  98201   
 
Bill Arthur 
Sierra Club 
180 Nickerson St., Suite 207 
Seattle, WA  98109 
 
Sierra Club Local Chapter 
8511 – 15th Ave. NE, Ste, 201 
Seattle, WA  98115   
 
John C. Evensen 
Steelhead Trout Club of Washington 
7540 – 16th  Ave. NW 
Seattle, WA  98117 
 
Fayette Krause 
The Nature Conservancy 
217 Pine St., Suite 1100 
Seattle, WA  98101   
 

Trout Unlimited - WA Council 
2401 Bristol Court SW, A-18 
Olympia, WA  98502 
 
Kaitlin Lovell 
Trout Unlimited - WA Council 
213 SW Ash St., #205 
Portland, OR  97204 
 
Ric Abbett 
Trout Unlimited - WA Council  
2401 Bristol Court SW, A-18 
Seattle, WA  98502   
 
Dale E. Knowlton 
Trout Unlimited 
South Lake Washington Chapter 
2311 NE 6th Pl. 
Renton, WA  98056   
 
Craig Lorch 
WA Citizens for Resource Conservation 
PO Box 84064 
Seattle, WA  98124   
 
Joan Crooks 
WA Environmental Council 
615 – 2nd Ave., Suite 380 
Seattle, WA  98104   
 
Ken Steffenson 
Washington Toxics Coalition 
4649 Sunnyside Ave. N., Ste. 540 
Seattle, WA  98103 
 
Judie Graham 
Washington Trollers Association 
PO Box 7431 
Bellevue, WA  98008   
 
Nick Gayeski 
Washington Trout 
PO Box 402 
Duvall WA  98019   
 
Ivy Sager-Rosenthal 
WASHPIRG 
3240 Eastlake Ave. E., Ste. 100 
Seattle, WA  98102   
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Greg Wingard 
Waste Action Project 
PO Box 4832 
Seattle, WA  98104 
 
Rose Berg 
Western Washington Walleye Club 
15232 SE 272nd St., Lot 115 
Kent, WA  98042 
 
Chris Bjelland 
Western Washington Walleye Club 
31355 – 13th Ave. S 
Federal Way, WA  98003 
 
Chris Wenger 
Western Washington Walleye Club 
PO Box 4204 
Kent, WA  98032   
 
Peter W. Soverel 
The Wild Salmon Center 
Seattle Office 
16403 – 72nd Ave. W. 
Edmonds, WA  98026 
 
Guido R. Rahr, III 
The Wild Salmon Center 
721 NW Ninth Ave., Suite 290 
Portland, OR  97209 
 
Lisa  Eckhart 
AAA Travel Agency 
4554 9th Ave. NE., Suite 120 
Seattle, WA  98105 
 
Jim Lichatowich 
Alder Fork Consulting 
PO Box 439 
Columbia City, OR  97018   
 
Patrick Baker 
Boater’s World 
5021 Ripley Lane North 
Renton, WA  98056   
 
L. Michael Babich, III 
The Boeing Company 
PO Box 3707, MS 63-41 
Seattle, WA  98124-2207 

Richard White 
Manager of Local Government Relations 
The Boeing Company 
PO Box 3707, MS 14-49 
Seattle, WA  98124   
 
Shaunta Hyde 
Manager of Local Government Relations 
The Boeing Company 
PO Box 3707, MS 14-49 
Seattle, WA  98124 
 
Kirk Thomson 
Environmental Affairs 
The Boeing Company 
PO Box 3707, MS 7A-XE 
Seattle, WA  98124-2207 
 
William Blackburn 
Cedar River Gorge 
PO Box 295 
Ravensdale, WA  98051   
 
Charles Huntington 
Clearwater BioStudies, Inc. 
23252 S. Central Point Rd. 
Canby, OR  97013   
 
Dwight Jones 
Elliott Bay Marina 
2601 West Marina Place 
Seattle, WA  98199 
 
Mike Kenney 
Fisheries Supply 
1900 N. Northlake Way, #10 
Seattle, WA  98103-9051   
 
Brian Lull 
Fishing & Hunting News 
PO Box 19000 
Seattle, WA  98109   
 
John Koreny 
Geo Engineers 
8410 – 154th Ave. 
Redmond, WA  98052 
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Paul Conrecode 
Golder Associates Inc. 
18300 NE Union Hill Rd., Ste 200 
Redmond, WA  98052 
 
Karen Hedlund 
Harbor Engineering Co 
3006 Fuhrman Ave. E 
Seattle, WA  98102   
 
Debbie Natelson 
Jet City Espresso 
207 Main Ave. S. 
Renton, WA  98055   
 
King County Journal – Eastside Edition  
PO Box 90130 
Bellevue, WA  98009   
 
King County Journal – South County Edition  
PO Box 130 
Kent, WA  98035 
 
Nate Kratz 
Lighthawk 
2915 E. Madison St., Suite 306 
Seattle, WA  98112   
 
Pat McDonough 
McDonough & Sons Inc. 
PO Box 461 
Ravensdale, WA  98051 
 
Douglas L. Burbridge 
Mercer Marine, Inc. 
3911 Lake Washington Blvd. SE 
Bellevue, WA  98006   
 
Don Nettleton 
Nettleton Consulting & Research 
16805 – 105th Ave. NE 
Bothell, WA  98011   
 
Bill Kombol 
Palmer Coking Coal Co. 
PO Box 10, 31407 Highway 169 
Black Diamond, WA  98010   
 
 
 

Mike Yager 
Plum Creek Timber 
999 Third Ave., Ste. 2300 
Seattle, WA  98104   
 
Colin MacDonald 
Restoration Logistics 
918 East Denny Way 
Seattle, WA  98122 
 
Melinda Truax 
Sea-America’s Western Boating Magazine 
7907 – 212th St. S.W., #109 
Edmonds, WA  98026 
 
Bill Turner 
Sea-America’s Western Boating Magazine 
17782 Cowan, Ste C 
Irvine, CA  92614 
 
Seattle Daily Journal of Commerce 
83 Columbia Street 
Seattle, WA  98104 
 
Sherif Awad 
Smith Barney 
33400 9th Ave. S. 
Suite 100 
Federal Way, WA  98003-2607 
 
Dave Broadfoot 
Tetra Tech 
1925 Post Alley 
Seattle, WA  98101   
 
Saundra Hipple  
Voice of the Valley 
PO Box 307 
Maple Valley, WA  98038 
 
Robert Abbey 
19822 122 St. E. 
Sumner, WA  98390 
 
Ann Adams 
6876 – 83rd Avenue SE 
Mercer Island WA  98040 
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Herb Ahten 
20 – 168th Ave. NE 
Bellevue, WA  98008 
 
Lynda Alvarez 
12019 124th Ave. Crt. E. 
Puyallup, WA  98374 
 
Bill Anderson/Wanda Anderson 
4510 Southcenter Blvd, J103 
Tukwila WA  98188 
 
Tim Anderson 
12126 SE 217th Pl 
Kent WA  98031 
 
Brodie Antipa 
12103 – 202nd Ave Ct E 
Sumner WA  980390 
 
Dan Ayers 
308 SW 295th Pl. 
Federal Way, WA  98023 
 
Ted Bambrick 
4300 NE 20th St. 
Renton, WA  98059   
 
Michael F. Barnett 
25363 – 237th Place SE 
Maple Valley, WA  98038   
 
Daren Bateman 
12202 277th Ave. E. 
Buckley, WA  98321   
 
Alan Barrie 
2815 – 78th Ave. Ct. NW 
Gig Harbor, WA  98335 
 
Anne Beardsley 
PO Box 1130 
Renton, WA  98056 
 
George Bearwood 
7453 – 133rd Ave. SE 
Condo C-203 
Newcastle, WA  98059   
 

Gary Becker 
14631 SE 145th Pl. 
Renton, WA  98055   
 
James Berg 
6015 – 142nd Ct. SE 
Bellevue, WA  98006   
 
 
David Bergeron 
P.O. Box 60651 
Tacoma, WA  98464 
 
Mark Bergsma 
15123 – 149th Ave. SE 
Renton, WA  98055 
 
Cindy Berres 
6717 Phinney Ave. N. 
Seattle, WA  98103   
 
Sharlene Bielefeld 
26901 SE 200th St. 
Maple Valley, WA  98038 
 
Bruce Bleven 
28715 – 189th Pl., SE 
Kent WA 98042 
 
Ed Bonwegg 
1105 Redmond Ave NE 
Renton WA  98056 
 
Edward Bowden 
3939 SE 10th Place 
Renton, WA  98055   
 
Henry Boynton 
31621 – 102nd Ave. S.E. 
Auburn, WA  98192  
 
Nat Brazill 
24315 SE 196th St. 
Maple Valley, WA  98038   
 
Wes & Barbara Brock 
3302 Walnut Court 
Camano Island, WA  98282   
 
 



July 14, 2005 

Cedar River Sockeye Hatchery Project – Final Supplemental EIS Seattle Public Utilities 
Chapter 6 – Distribution List  

6-17 

Bruce Brooks 
24339 – 36th Ave. S 
Kent WA  98032 
 
Timothy Buckley 
27433 SE 247th St. 
Maple Valley, WA  98038 
 
Lloyd M. Buster 
35120 SE 254th St. 
Ravensdale, WA  98051 
 
Bud Byers 
19407 Maple Valley 
Maple Valley, WA  98038 
 
Edward & Michelle Bythrow 
27429 SE 256th St. 
Ravensdale, WA  98051   
 
Michael & Frances Carey 
27406 SE 256th St. 
Ravensdale, WA  98051 
 
Brent Cawley 
15247 – 150th Lane SE 
Renton, WA  98055  
 
Mildred Chapman 
14943 – 149th Ave. SE 
Renton, WA  98055   
 
Philip Charboneau 
14636 SE Jones Place 
Renton, WA  98055 
 
Carl and Irene  Carver 
18912 SE 318th Pl. 
Auburn, WA  98092 
 
Eleanore Chavre 
23409 Dorre Don Way SE 
Maple Valley, WA  98038 
 
Diane Christensen/Steve Christensen 
26830 NE 163rd St 
Duvall WA  98019 
 

Glenn L. Christensen 
25409 Landsburg Rd. SE 
Ravensdale, WA  98051   
 
Matt Coder 
20819 – 72nd Ave. S. 
Kent, WA  98032 
 
Ray Colby 
P.O. Box 2058 
Lynnwood, WA  98036 
 
Dorothy Colis 
1004 Shelton Ave. SE 
Renton, WA  98055   
 
Dick Colman 
41515 228th Ave.S.E. 
Enumclaw, WA  98022 
 
Sara Jane Conyers 
329 N 102nd St. 
Seattle, WA  98133 
 
Fred Corlis, Sr. 
21235 – 230th Ave. SE 
Maple Valley, WA  98038   
 
Scott Cottell 
22217 – 233 Avenue SE 
Maple Valley WA  98038 
 
Charles Cottone 
10002 Aurora Ave N, #2267 
Seattle WA  98133 
 
Ted Cowan 
14222 Issaquah Hobart Rd SE 
Issaquah, WA  98027   
 
John Crane 
22028 SE Bain Rd 
Maple Valley, WA  98038   
 
Paul D. Crane 
910 Davis Pl S 
Seattle, WA  98144 
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Bruce Cromoga 
2406 Taylor Street 
Milton, Washington  98354   
 
Dave Croonquist 
43 E. Emerald Forest Lane 
Sequim, WA  98382   
 
Charles & Kay Curry 
PO Box 56 
Hobart, WA  98025 
 
Natalie Curry 
20920 Maxwell Road SE 
Maple Valley, WA  98038   
 
Debbie Curtis 
25623 Landsburg Rd SE 
Ravensdale, WA  98051 
 
Tim Dahl 
13723 – 461st Pl SE 
North Bend WA  98045 
 
Evelyn Dalsanto 
13123 SE 149th SE 
Renton, WA  98055   
 
Cindy Darcy 
27441 SE 247th St. 
Maple Valley, WA  98038   
 
Bob Davis 
24831 SE 245th Pl. 
Maple Valley, WA  98038 
 
Chris Davis 
20526 11th Dr. SE 
Bothell, WA  98012   
 
Pete DeBruyne 
22728 – 196th Ave. SE 
Renton, WA  98058   
 
Bill Dekker 
15293 Oak Dr 
Renton WA  98058 
 

Sharon & Howard Delaney, Jr. 
1018 Shelton Ave. SE 
Renton, WA  98055 
 
William J. Dewey 
13820 SE 141st St 
Renton WA  98059 
 
Sherry Dini 
1927 F St. SE 
Auburn, WA   98002   
 
Lyle Dull 
13120 SE 151st St. 
Renton, WA  98058   
 
Frank Dumars 
3824 – 310th Ave. SE 
Fall City, WA  98024 
 
Mike Dzink 
14613 NE 179th St 
Woodinville WA  98072 
 
Bruce Edmonds 
1008 Shelton Ave. SE 
Renton, WA  98055   
 
John Edmunds 
275 SW 297th Street 
Federal Way WA  98023 
 
Dee Eklund 
29620 SE 82nd St. 
Issaquah, WA  98027   
 
Gerald Eller 
502 – 13th Ave. W 
Kirkland, WA  98033 
 
Bob Elliott 
17805 SE Jones Rd. 
Renton, WA  98059   
 
Etty Emerson 
15015 – 149th Ave. SE 
Renton, WA  98055   
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Rick Engechwerdt 
P.O. Box 2862 
Renton WA  98059 
 
Donald & Beverly Erickson 
PO Box 337 
Ravensdale, WA  98051 
 
Charles Emig 
25709 Landsburg Rd. SE 
Ravensdale, WA  98051 
 
Kenneth Eones 
1109 Shelton Ave. SE 
Renton, WA  98058   
 
Juliana Fantz 
PO Box 1305 
Maple Valley, WA  98038 
 
Bruce Farr 
23419 Dorre Don Way SE 
Maple Valley, WA  98038 
 
Rick Ferrell 
26723 – 156th Pl. SE 
Kent, WA  98042-4208   
 
Ronald & Jeannie Fessenden 
PO Box 889 
Ravensdale, WA  98051 
 
Sean Finney 
14004 – 149th Pl SE 
Renton WA  98059 
 
Rocco Fiore 
16529 – 126th Pl SE 
Renton WA  98058 
 
Rob Fitz 
155 Monroe Avenue NE 
Renton, WA 98056 
 
Sean Flint 
15017 – 149th Ave. SE 
Renton, WA  98055 
 
 
 

Jim Flynn 
462 Lind Ave. NW 
Renton, WA  98055   
 
Janice Fluter 
1005 Shelton Ave. SE 
Renton, WA  98058   
 
Gerald Foss 
20449 SE 180th 
Maple Valley, WA  98038   
 
Douglas Frame 
20422 SE 152nd St. 
Renton, WA  98059   
 
Scott & Karen Freed 
21774 SE 262nd St. 
Maple Valley, WA  98038   
 
Bradley Freeman 
10320 163rd Ave. NE 
Redmond, WA  98052 
 
Corey Freeman 
PO Box 11956 
Olympia, WA  98508   
 
Douglas French 
15258 – 150th Ln. SE 
Renton, WA  98058 
 
Dr. Willis Gabel 
22619 SE 64th Place 
Suite 110 
Issaquah, WA  98027   
 
Mike Gabrielson 
30236 – 21st Ave S 
Federal Way WA  98003 
 
Larry & Carolyn Gatshall 
13810 – 177th Ave. SE 
Renton, WA  98059   
 
Mark Gavin 
12831 – 456th Drive SE 
North Bend WA  98045 
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Robert and Marva Gaylord 
4751 Lakeridge Dr. E. 
Sumner, WA  98390-8907 
 
Todd Girtz 
4311 – 183rd Ave E 
Sumner WA  98390 
 
Jason Gleason 
3950 SE 10th Place 
Renton, WA  98055   
 
Corinne Grande 
3313 SE 7th St. 
Renton, WA  98058 
 
Lindon Greene 
16657 – 14th Ave. SW 
Seattle, WA  98166   
 
James A. Guess 
28020 – 201st Ave SE 
Kent WA  98042 
 
Kevin Gummere & Family 
14420 – 142nd Place S.E. 
Renton, WA  98059   
 
Jami Haaz 
PO Box 666 
Maple Valley, WA  98038 
 
Gary Habenicht 
27405 SE 256th 
Ravensdale, WA  98051 
 
Gregg Handy 
4404 S. 382 St 
Auburn WA  98001 
 
Lori Hanes 
26507 SE 237th St. 
Maple Valley, WA  98038   
 
Raymond Hansen 
18105 – 246th Ave. SE 
Maple Valley, WA  98038   
 
 
 

Mike Harding 
2319 Creswell Raod 
Snohomish WA  98290 
 
Joe Harlacher 
9550 Carnation-Duvall Road NE 
Carnation WA  98014 
 
Ross Hathaway 
200 Mill Ave. SE 
Renton, WA  98058   
 
James Hawk, Jr. 
33327 – 188th Ave. SE 
Auburn, WA  98092 
 
Nolen R. Hebrauk 
18665 Lake Francis Rd SE 
Maple Valley, WA  98038 
 
Kevin Henry 
PO Box 68511 
Seattle, WA  98188 
 
Rex Henyersard 
131 NE  57th St 
Seatte Wa  98145 
 
Bradley & Debra Hernke 
27503 SE 247th St. 
Maple Valley, WA  98038   
 
Gary Horn 
9515 – 177th Ave. SE 
Snohomish, WA  98290 
 
Duane Horton 
20613 SE 291st Pl 
Kent WA  98042 
 
Brant, Hunter, Lois, & R. Scott Howell 
PO Box 1580 
Mercer Island, WA  98040 

 
Morris Howland 
15910 SE 42nd Pl 
Bellevue WA  98006 
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SECTION 1. 
INTRODUCTION 

 

1.1 EXECUTIVE SUMMARY 

1.1.1 AMP Purpose and Objectives 

This Adaptive Management Plan (AMP) defines an operating and management 
framework for the Cedar River Sockeye Hatchery Program1. This program was 
developed to address dual objectives of realizing the full potential of the Cedar River to 
support sockeye while protecting drinking water quality.  This AMP  includes an initial 
technical basis for monitoring and evaluation of the Cedar River Sockeye Hatchery. 
The application of adaptive management to hatchery operations and evaluation is rare; 
consequently, this AMP relies primarily on the experience of other efforts adapted to 
the unique challenges of this program. Application of adaptive management to this 
hatchery program has the potential for achieving unusually high standards for 
monitoring, evaluation and decision-making.  

The primary purpose of the AMP is to help the hatchery program meet its mitigation 
goals by minimizing risks of long-term adverse impacts through effective monitoring 
and management. There are two important biological goals for this hatchery program. 

• Implement the Cedar HCP and Landsburg Mitigation Agreement commitments 
related to a biologically and environmentally sound long-term sockeye hatchery 
program that will help to provide for the recovery and persistence of a well-
adapted, genetically diverse, healthy, harvestable population of Cedar River 
sockeye. 

• Avoid or reduce detrimental effects on the reproductive fitness and genetic 
diversity of naturally reproducing salmon populations in the Cedar River and 
the Lake Washington basin. 

The success of  this hatchery program will rely on the ability to integrate artificial and 
natural production systems to realize the full biological potential of the physical 
environment. Consequently this AMP focuses on potential risks to naturally spawning 
salmon, prescribes monitoring activities to detect effects, and establishes a process for 
analyzing and addressing adverse impacts if they occur. This hatchery program will be 
deemed a failure if it results in a substantial loss of the ability for naturally 
reproducing sockeye or chinook to sustain themselves or if it fails to significantly 
increase sockeye returns to the Cedar River. The proposed hatchery is expected to 
augment natural spawning on the Cedar River and, if successful, will  produce a 

                                          

1 This AMP applies to the replacement hatchery. Unless the interim hatchery is specifically 
mentioned, all references to the hatchery or hatchery program contained in this document 
apply to the replacement hatchery. 
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greater and more consistent number of returning adult sockeye than would result 
without it. This is expected to increase sport and tribal harvest opportunities of the 
Lake Washington sockeye salmon fishery. 

 

Within this context for the goals of the sockeye hatchery program, the objectives of 
this AMP are: 

1. Address the primary technical uncertainties with respect to 
performance and effects of the hatchery program 

2. Promote a high standard for scientific work so that results are credible 

3. Effectively communicate scientific results to managers 

4. Provide public access to scientific data 

5. Provide opportunity for public input to decision-making process 

6. Promote public understanding of decisions 

7. Utilize limited monitoring resources effectively and efficiently 

Success of the AMP will be determined by the achievement of these objectives 
over time. 

Scientists, hatchery operators and fishery managers, with expertise in hatchery 
operations and the effects of those operations on other resources, have guided the 
development of this hatchery program. Their work has resulted in guidelines, 
operating protocols, capacity analysis and this adaptive management plan that is 
designed to contribute to the success of the program by producing additional adult 
returns and by minimizing adverse effects. The adaptive management plan will not 
direct harvest management actions, for which the fishery co-managers have regulatory 
authority; however, the AMP will generate valuable information for harvest 
management. 

1.1.2 Challenges of Adaptive Management 

Adaptive management is a term whose definition in practice is imprecise. However 
many adaptive management efforts include similar elements that include defining 
experiments to test responses of predetermined variables and applying the results to 
future management decisions. Adaptive management has been applied to projects and 
programs of various sizes. Generally, the more complex the program or range of 
potential variables that are affected by a specified action, the more difficult it is to 
determine causal relationships and to use monitoring results to make appropriate 
management responses. Thus, too much complexity makes it difficult to apply 
adaptive management. Nevertheless, establishing a monitoring program that provides 
relevant information, even if that information is not fully conclusive, still provides a 
better basis for professional judgment than no information at all. Therefore, the 
adaptive management decision-making process must respond to various inputs, 
ranging from recommendations based on statistically certain results to those based on 
expert judgment informed by the available information. Adaptive management is used 
to learn about ecosystems as well as to control risk of adverse effects of specific 
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projects. By defining key uncertainties associated with impacts or results of the 
project, adaptive management encourages collection of appropriate data that are 
needed to evaluate the project. These results are reviewed by scientists, who provide 
technical advice to a decision-making body that ultimately determines if program 
changes should be made to reach its objectives. 

Experience with adaptive management has resulted in mixed results. The concept has 
proved useful for providing a structure that allows people with differing perspectives to 
agree to allow controversial natural resource actions to proceed, while working 
together to develop a greater understanding of the results and effects. At the same 
time, and in many cases, adaptive management has been challenged to fully integrate 
scientific input into management decisions. Also, some believe that adaptive 
management has failed to force hard decisions by managers, in spite of scientific 
results that support these decisions. 

A key goal of adaptive management is to encourage accountability and transparency in 
decision-making. Scientific data, analyses and recommendations are intended to form 
key input to management decisions through adaptive management. Consequently, the 
quality of scientific work needs to be sufficient to be generally accepted and not in 
itself a source of significant uncertainty. Peer review of proposals and reports, 
involvement by independent scientists, statistical evaluation of research proposals and 
timely access to data are important ways of improving the credibility of scientific 
results. 

1.1.3 Development of This AMP 

This AMP is a requirement of the Cedar River Habitat Conservation Plan and the 
Landsburg Mitigation Agreement (LMA) and is to be in place prior to beginning 
operations of the hatchery. In early 2000 the City of Seattle assembled a special 
scientific advisory panel as called for in the LMA. This panel was established to advise 
the City of Seattle and the other Parties to the LMA in developing plans for an effective, 
comprehensive, and biologically sound artificial propagation program consistent with 
the Habitat Conservation Plan. The panel included experts in sockeye biology, Lake 
Washington ecology, fish diseases, genetics and recent hatchery reform initiatives. 
They came from University of Idaho, University of Washington, U.S. Fish and Wildlife 
Service, National Marine Fisheries Service and U.S. Geological Survey. The science 
panel developed guiding principles for the hatchery embodied in The Cedar River 
Sockeye Salmon Hatchery Plan (Brannon et al., 2001). Recommendations from this 
document have been used to develop further program documents, including the AMP. 
The science panel reviewed the status and factors affecting sockeye in the Cedar/Lake 
Washington basin and recommended monitoring and research needs. The AMP is 
responsive to these recommendations. The  hatchery plan  provides guidelines for 
improving survival of hatchery releases and minimizing adverse interactions between 
hatchery and wild fish.  

The development of the proposed AMP for the sockeye hatchery involved research into 
past and current efforts to implement adaptive management by others. No examples of 
the detailed application of adaptive management to hatchery operations were found in 
the literature; however, there were examples of the use of adaptive management in 
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other natural resource applications. In addition to information gathered from this 
literature review, the Cedar River Sockeye Hatchery AMP relies on information 
gathered from two adaptive management workshops, sponsored by Seattle Public 
Utilities (SPU) and Washington Trout in 2001 and 2002. Regional and national experts 
were brought together to discuss the challenges and lessons learned from previous 
efforts to develop and implement adaptive management programs. This exchange of 
ideas and experiences provided guidance concerning how the AMP decision-making 
process should be structured to achieve AMP objectives. 

Tetra Tech/KCM Inc. was contracted to develop the proposed Adaptive Management 
Plan. This effort involved various technical experts in salmon biology, hatchery issues, 
genetics, and sockeye salmon culture. The AMP for the Cedar River Hatchery was 
further developed by a group of select scientists, led by Dr. Tom Quinn, U. of 
Washington. An earlier version was reviewed by the Cedar River Anadromous Fish 
Committee (AFC), the advisory committee comprised of scientists and stakeholders 
established in the LMA to provide advice and consultation to the City concerning the 
implementation of the LMA. AFC membership currently includes City of Seattle, 
WDFW, NOAA Fisheries, U.S. Fish and Wildlife Service, Muckleshoot Indian Tribe, 
Trout Unlimited, Puget Sound Anglers, Washington Trout, King County, Long Live the 
Kings and the public at-large. Comments from committee members were reviewed by 
the authors. These comments included questions regarding the level of certainty 
associated with the effects of domestication selection; assumptions about fry survival 
rates; how future production levels would be established; whether measurements of 
fry to adult survival were meaningful assessments of fitness; and the need to establish 
clear thresholds and responses. 

More recently, SPU has sought comment from Dr. Barry Gold, a recognized national 
expert in adaptive management (Dr. Gold led the adaptive management program for 
the Glenn Canyon Dam project). The Hatchery Science Reform Group (HSRG) reviewed 
the Cedar River sockeye hatchery, including the earlier version of the proposed AMP. 
The HSRG was established by Congress in FY 2000 to ensure that hatchery reform 
programs in Puget Sound and Coastal Washington are scientifically founded and 
evaluated; that independent scientists interact with agency and tribal scientists to 
provide direction and operational guidelines; and that the system as a whole be 
evaluated for compliance with scientific recommendations (further information on 
members of the HSRG can be obtained at www.longlivethekings.org/HRP_HSRG.html). 

The AMP will be presented to the parties of the LMA for their acceptance after the 
State Environmental Policy Act (SEPA) process is concluded. 

1.1.4 Key Features of this AMP 

The Cedar River Hatchery Adaptive Management Plan includes a discussion of five key 
areas of uncertainty and describes the structural framework that guides scientific 
work as well as decision-making. The key uncertainties are as follows: 

• Comparability between fry produced by the hatchery and in the river 

• Effects on reproductive fitness in naturally spawning sockeye 

• Effects on sockeye populations outside the Cedar River 
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• Effects on Cedar River chinook 

• Effects on the aquatic community in Lake Washington.  

The discussion of each of these uncertainties includes potential hypotheses, criteria, 
results and responses. The Plan is intended to be flexible and to be adjusted over time 
as necessary to reflect current knowledge or experience. 

This plan includes an organizational framework (see Section 4) that is intended to 
promote credible scientific input and informed decision-making. The ultimate decision-
making body is made up of representatives from the four Parties to the LMA: the City 
of Seattle, the U.S. Fish and Wildlife Service, National Oceanic and Atmospheric 
Administration (NOAA) Fisheries and the Washington Department of Fish and Wildlife. 
Under the LMA, the parties are committed to using adaptive management to address 
critical questions as they arise and make changes in management based on the results 
of monitoring to meet the specific objectives of the hatchery program. The parties 
receive advice directly from the Adaptive Management Work Group (AMWG) and will 
have access to recommendations from the scientist panels as well. The AMWG will 
include agency scientists and stakeholders. This group will be advised by the 
Independent Science Advisors (ISA), the Technical Work Group (TWG) and the 
Monitoring and Research Parties. Each group has a specific role as will be described 
below. 

This structure is intended to promoteallow the development of sound scientific 
direction that will help the decision-makers to manage the hatchery program. 
Considerable emphasis will be placed on measures needed to ensure that the 
appropriate monitoring data are collected in a scientifically and statistically sound 
manner so that results address key outstanding uncertainties. For example, the 
productivity of Cedar River sockeye and chinook will continue to be monitored to 
evaluate whether changes are occurring.  

The fry production level for this hatchery is capped at 34 million fry, roughly double 
the hatchery capacity provided by the interim hatchery facility. The interim hatchery 
has operated since 1991 and the production levels have generally trended higher over 
time.  

The actual operating target level will be established annually by the parties to the 
LMA, based on factors including, but not limited to: 1) an assessment of the risk of 
irreversible harm; and 2) the goal, established in the Capacity Analysis, that over the 
long term and on average, hatchery returns will contribute no more than 50 percent of 
the overall sockeye return to the Cedar River. The assessment of risk will be a 
synthesis of monitoring results and analyses of the effects of the hatchery program in 
the key areas of uncertainty. Predefined thresholds will be established where possible, 
to aid in identifying levels where results would suggest that effects should be critically 
reviewed and action considered or implemented. Thus, setting the annual production 
goal for the hatchery is one of the primary outcomes of the adaptive management 
process. Results from adaptive management will also be used to improve returns as 
results from various culture strategies are learned and applied. 
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Key uncertainties reflect those issues that have special importance in terms of 
potential effects. On example is the special emphasis the hatchery program places on 
maintaining the reproductive fitness of naturally spawning sockeye in the Cedar River. 
Maintaining the productivity of natural spawning sockeye is critical to producing the 
larger salmon returns that are needed to hold more frequent fisheries, one measure of 
success. To do so means protecting the productivity of the sockeye population that 
spawns in the river over the long term. There are no studies that have examined the 
effects of a sockeye fry hatchery on reproductive fitness of a composite stock 
comprised of returns that have varying levels of hatchery and natural spawning 
influence. Consequently the adaptive management program identifies the maintenance 
of reproductive fitness in Cedar River sockeye as a key uncertainty and directs 
monitoring to measure productivity of natural spawners over time. This program 
represents significant opportunity to study hatchery effects and contribute to a 
broader understanding of this issue. 

To further reduce risk and to reinforce the fact that this program is intended to 
supplement, not detract from natural production of sockeye in the Cedar River, a 
unique goal of this hatchery is to adjust egg collection goals so that overtime and after 
an initial start up period, the return of naturally produced sockeye will be at least 
50 percent of the total return. Thus, if natural productivity declines, hatchery 
production would decline as well. This quantitative goal is discussed in the Capacity 
Analysis section of the Program Documents and is intended to place heightened 
awareness on the need to maintain or improve the health of both naturally spawning 
sockeye and their habitat. This pioneering connection between hatchery and natural 
production is intended to help to avoid the replacement of naturally- produced sockeye 
with hatchery returns. Maintaining an upper limit of 50 percent hatchery origin in the 
return means that a significant portion of returns will have been subjected to the full 
range of selection pressures by spawning naturally. It also means that substantial 
numbers of sockeye used for broodstock in the hatchery will be of natural origin, 
which some believe will likely improve the fitness of the hatchery-origin sockeye as 
they return and spawn in the river. The proposed long-term maximum for hatchery-
produced returns will be evaluated through monitoring and adaptive management and 
could be adjusted in the future. 

1.1.5 AMP Implementation 

Monitoring activity associated with the interim sockeye hatchery program, while not 
directed by the adaptive management plan, has been ongoing since the early 1990’s. 
Results from this work are being used to guide the project through the oversight of the 
Cedar River Anadromous Fish Committee and the Parties to the Landsburg Mitigation 
Agreement. These data provide baseline information about the existing level of sockeye 
production and about the other salmonid populations and Lake Washington 
ecosystem. The AMP process will need to evaluate information that has been collected 
to date regarding effects of the interim hatchery as well as to establish future direction 
for the monitoring and evaluation elements as the replacement hatchery begins 
operation.  There are known limitations associated with the interim hatchery that are 
being addressed in the design of the replacement hatchery. This adds complexity to 
the evaluation of the replacement hatchery, but also provides opportunity for insight 
into cause and effect relationships (eg. size of returning females).  The operation of the 
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interim hatchery could have resulted in changes that are the subject of monitoring 
and evaluation under this adaptive management program. Thus, it will be important to 
consider baseline conditions as both pre-hatchery and interim hatchery, as 
appropriate, when considering reference conditions for the evaluation of impacts. In 
some cases, the availability of baseline information my limit comparisons with pre-
hatchery or interim hatchery conditions. 

While the Cedar River Hatchery is not scheduled to be completed and operating until 
2007, the AMP implementation schedule (see Section 4) calls for AMP activity to begin 
in 2005. The parties, with the advice of the Adaptive Management Work Group, will 
oversee the recruitment of the Technical Work Group as well as the development of a 
list of independent scientific advisors. Once the key groups are formed and operating 
parameters defined, a review of the AMP will occur in 2006. The primary purpose is to 
ensure that the people that will be involved with the implementation of the AMP have 
the opportunity for input. In particular, the TWG and the AMWG will be asked to 
evaluate the list of uncertainties, identify specific hypotheses for testing, review the 
monitoring program, and review and further develop criteria, thresholds and 
responses prior to implementation. Changes to this plan are expected at this point as 
those who will be working on this program apply their knowledge and expertise. 
Specificity in setting thresholds for specific criteria provides greater assurance of 
response when these are exceeded. Pre-determined responses will be identified and 
may be either changes to the hatchery program or initiation of a conscientious 
evaluation of the situation that may lead to an action as defined by the adaptive 
management process. 

Much emphasis is being placed on the importance of reforming hatchery practices so 
that effects on natural populations are minimized. The adaptive management plan 
serves to address a common concern that many hatchery programs lack sufficient 
evaluation. Proper evaluation needs to document natural and hatchery contributions 
to adult returns as well as examine key areas where the hatchery program may be 
having adverse effects. The long-term commitment to monitoring associated with this 
hatchery is unusual and provides a basis of support for the AMP. Its implementation 
and success will rely on the cooperation of scientists, agencies and stakeholders to 
participate with objectivity and commitment to the goals of the program. 

1.2 BACKGROUND 

Adaptive management is an approach that incorporates monitoring and research to 
allow projects and activities, including projects designed to produce environmental 
benefits, to go forward in the face of some uncertainty regarding their consequences 
(Holling 1978; Walters 1986). In the adaptive management process, high priority is 
placed on learning about the subject ecosystem; in order to learn, management 
policies are designed as experiments to probe ecosystem responses (Lee 1999). Two 
essential characteristics of effective adaptive management are a direct feedback loop 
between science and management, and the view of management as an experiment 
(Halbert 1993). 

The ecology of sockeye in the Lake Washington system is not completely understood 
and the effects of a Cedar River Sockeye Hatchery program on the Cedar River sockeye 
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population, other Lake Washington basin sockeye populations, other basin salmonid 
populations, and the Lake Washington ecosystem as a whole are not fully predictable. 
The adaptive management approach was chosen as a hatchery management tool to 
allow better understanding of the performance and effects of the hatchery and promote 
effective management responses to new information. Adaptive management of the 
hatchery is intended to increase knowledge about the Lake Washington system and 
provide the flexibility to incorporate that knowledge into hatchery operations to avoid 
or minimize adverse impacts on the ecosystem. 

The general adaptive management process is illustrated in Figure 1-1. Hypotheses are 
formulated in advance regarding important uncertainties. As the project begins its 
operation, data are collected to address the uncertainties. The results from the 
monitoring studies are then used to evaluate the hypotheses with respect to the 
project’s goals. If a monitoring study finds that a threshold has been exceeded or that 
project goal is not being met (e.g., there are impacts on other salmon in the ecosystem 
due to hatchery operations), then the parties can decide to make modifications to 
reduce or avoid such impacts. Monitoring then continues to evaluate the success or 
failure of the response action, and to address new hypotheses that may be formulated 
as new issues arise. 

While common concerns apply to most hatcheries in varying degrees, each program is 
unique and requires a customized evaluation program. The major uncertainties 
presented in this document are specific to the Cedar River Sockeye Hatchery and its 
operations. The concerns and uncertainties are likely to change over time as questions 
are answered and new ones become apparent. The results of studies need to be 
incorporated into the operation of the hatchery to be as successful as possible in 
meeting the dual objectives of producing returns and limiting impacts. Dr. Robert 
Naiman of the University of Washington has pointed out a series of steps leading to 
wise decisions. Samples or other forms of data must be collected, then analyzed to 
produce information, then interpreted to produce knowledge, then tempered with 
experience and judgment to produce wisdom. The successful operation of the hatchery 
will depend on this sequence of steps being unbroken. 
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Figure 1-1. General Overview of the Adaptive Management Process 

This document identifies only key uncertainties specific to the Cedar River Sockeye 
Hatchery, not the routine uncertainties that would be encountered in any hatchery 
program. The key uncertainties are those requiring a higher level of monitoring and 
research than has typically been available for hatchery programs. For each 
uncertainty, sections are presented addressing the following topics: 

• Definition and Importance—This section defines the uncertainty and 
identifies its importance as it relates to the hatchery goals of producing 
fry and avoiding adverse ecological impacts. 

• Existing Data and Knowledge—This section describes past and 
current research in the Lake Washington basin related to the 
uncertainty. Efforts were made to adequately represent all research and 
knowledge that was accessible and available.  

• Remaining Unknowns—This section describes the ecological issues 
about which little is known. The unknowns covered are primarily those 
that have relevance for hatchery operations and meeting project goals. 

• Hypotheses—This section presents priority hypotheses to be studied 
during initial project operation. 

• Monitoring and Research Plan—This Adaptive Management Plan 
(AMP) has been prepared based on information available at a particular 
point in time. The results of studies underway may allay some of the 
concerns or heighten others. A proposed research and monitoring 
program has been outlined; final determination of the elements of the 
program will be made as part of the formal adaptive management 
process. This section provides an overview of how each hypothesis 
identified in the previous section should be studied. Contracted 
researchers will develop detailed study plans at a later date. Detailed 
study plans will include a power analysis when appropriate, which 
specifies necessary sample sizes, minimum detection levels, and 
appropriate significance levels so that there is confidence in study 
results and the ability to make management decisions based on them. 
This section identifies recommended study durations; however, studies 
could be continued or discontinued depending on initial study results 
and guidance of the technical work group. This section also includes a 
budget for investigation of these hypotheses (in 2001 dollars). The 
budget allocations in this document focus on the first 10 years of 
operation and could shift over time as knowledge is gathered. 

• Adaptive Management Actions—This section describes potential 
outcomes for each monitoring and research hypothesis. For each 
outcome, potential management responses are listed. These responses 
are recommended strategies that could reconcile project operations 
with the project goals. However, the recommended strategies are 
subject to change as more information or different technologies become 
available. Ultimate management responses will be decided through the 
management process, as described in Section 4. 
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1.3 SUMMARY 

This Adaptive Management Plan presents a technical discussion of the five major 
uncertainties in Section 2. The information for each uncertainty is then summarized in 
Section 3 of this document. The last section presents a strategy, principles, 
organization and decision process for the AMP. 

This document is offered as a basis for discussions between appropriate parties to 
reach agreement on management roles and relationships and the responsibilities and 
authorities of participants. It has been prepared with the following goals: 

• To provide a starting point for initiating the required research and 
monitoring of the ecosystem 

• To establish an evaluation and management process to respond 
effectively with the full range of issues that may arise within the 
context of the hatchery program. 
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SECTION 2. 
KEY UNCERTAINTIES 

The proposed Cedar River Sockeye Hatchery is designed to increase the average 
number of Cedar River sockeye salmon and to minimize or avoid adverse effects on the 
following: 

• The existing sockeye population in the river 

• Other sockeye salmon populations in the Lake Washington system 

• Salmonid species in the basin 

• The overall health of the Lake Washington ecosystem. 

There is sufficient experience with hatcheries elsewhere to justify concern about these 
effects, though it is far from certain that they will occur. In this AMP, key areas of 
uncertainty are defined so that hypotheses can be constructed and tested through 
monitoring and evaluation. Information generated from this process will provide a 
basis for scientific evaluation and ultimately serve as the basis for changing the 
program to better meet project goals. Uncertainties and hypotheses are expected to 
change over time as questions are answered and new ones emerge. Five major 
uncertainties are presented below. 

2.1 UNCERTAINTY NO. 1—ARE HATCHERY AND NATURALLY PRODUCED 
FRY SIMILAR IN SIZE, GROWTH, AND MIGRATION TIMING, AND AT A 
STABLE POPULATION COMPOSITION? 

2.1.1 Definition and Importance 

Until recently, the Cedar River population was composed of wild sockeye salmon. 
Since operation of the interim hatchery began, it has been composed of both hatchery 
and naturally produced sockeye. The intent is to maintain the natural attributes of 
this composite population so that fish of both origins can spawn successfully in the 
river. In keeping with this intent, there is a stated objective to keep naturally and 
hatchery produced fry “comparable.” Here, the term “fry” refers to individuals who 
have absorbed their yolk and either emerged from the gravel volitionally or have been 
released from the hatchery. Due to the difference between hatchery conditions and 
those in the river incubation environment, there is concern that the hatchery fry might 
differ from their naturally produced counterparts. The differences would be important 
if hatchery fry exhibited a handicap or an advantage compared with natural fry that 
could lead to shifts in the composite nature of the sockeye population and ultimately, 
affect the fitness of the sockeye population that spawns  in the river. 

The definition of “comparable” can be applied in many ways. For this AMP, it is 
important to use qualities that can be quantitatively compared, and can provide a 
basis for conclusions about similarities between hatchery and naturally produced fry. 
Comparisons of size, growth, and migration timing of the two groups of fry are 
instructive because they influence survival rates and can be examined in a way to 
produce statistically strong results. In addition, it is possible to track the composition 
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of the fry population to ensure that a balance of natural and hatchery fish is 
maintained. 

The interpretation of the results of comparisons between hatchery and naturally 
produced fry needs to recognize the potential factors that may influence differences. 
For example, fry to adult survival rates can be influenced by emergence and release 
location, flow, feeding, time of day of release or emergence, time of year and other 
factors as well as by genetic influences. Comparisons that are influenced by as few 
variables as possible are more likely to lead to more accurate interpretations of cause 
and effect than those where many potential variables may influence results. Due to the 
number of variables potentially affecting results, comparisons of fry to adult survival 
are not a useful method for evaluating relative fitness between hatchery and natural 
fry. Fry to adult survival rates will be calculated and compared, however, in the effort 
to better understand factors affecting survival in general. 

2.1.2 Existing Data and Knowledge 

Research on hatchery and naturally produced sockeye salmon has been conducted at 
several juvenile stages. These stages include the fry stage when the fish are migrating 
out of the Cedar River into Lake Washington, the “pre-smolt” stage when they are in 
Lake Washington in March or April (about one to two months before they leave for salt 
water), and the “smolt” stage when the fish are leaving the Lake Washington system 
and entering Puget Sound through the Hiram Chittenden Locks (locks). 

The Washington Department of Fish and Wildlife (WDFW) started sampling fry near 
the mouth of the Cedar River in 1992, the same year of initial releases from the 
interim hatchery. The fry-trapping program allows estimation of the number of fry 
entering the lake from the Cedar River and the natural-hatchery composition of the fry 
population. Table 2-1 presents the Cedar River fry production estimates and 
population composition for the 1991-2000 brood years. The hatchery component of the 
sockeye fry population has varied between 6 and 87 percent since 1991, with an 
average of 29 percent. 

In addition to estimating the fry population, fry trapping can provides information on 
migration timing and fry size. Migration timing studies have shown that hatchery fry 
typically reach the lake before naturally produced fry, with the median migration date 
ranging from 8 to 46 days earlier for hatchery fish. Table 2-2 summarizes the median 
migration dates for hatchery and naturally produced fry in calendar years 1992 to 
2002. The difference in migration timing could be due to factors such as the timing of 
egg take, the temperature of incubation water, and selective mortality of embryos in 
the river. Comparison of 2000 egg take timing and the spawning curve indicates that 
egg take did not occur before spawning in the river in that year (Figure 2-1). Data from 
1999 indicated a similar pattern. However, the spawning curve given is based on 
counts of fish both spawning and migrating within the river and the true spawning 
time in the river could be later. However, most of the difference in migration timing is 
thought to be a result of the temperature of the spring water used to incubate eggs in 
the hatchery, which is slightly warmer than the water in the river.  
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TABLE 2-1. 
CEDAR RIVER FRY ESTIMATES GENERATED FROM THE FRY TRAPPING STUDIES 

CONDUCTED NEAR THE MOUTH OF THE RIVER  
Brood 
Year 

Sampling 
Year Total Fry Production 

Hatchery Fry 
(Percent of Total) 

Naturally Produced Fry 
(Percent of Total) 

1991 1992 10,400,000 600,000 (6%) 9,800,000 (94%) 
1992 1993 28,800,000 1,700,000 (6%) 27,100,000 (94%) 
1993 1994 24,700,000 6,600,000 (27%) 18,100,000 (73%) 
1994 1995 14,300,000 5,600,000 (39%) 8,700,000 (61%) 
1995 1996 5,3800,000 5,100,000 (87%) 730,000 (13%) 
1996 1997 38,300,000 13,900,000 (36%) 24,400,000 (64%) 
1997 1998 33,00032,700,000 7,600,000 (23%) 25,400,000 (77%) 
1998 1999 18,500,000 9,000,000 (49%) 9,500,000 (51%) 
1999 2000 12,000,000 3,000,000 (25%) 9,000,000 (75%) 
2000 2001 52,400,000 14,500,000 (28%) 37,900,000 (72%) 
2001 2002 43,600,000 12,000,000 (27%) 31,600,000 (73%) 
2002 2003 42,300,000 14,400,000 (34%) 27,900,000 (66%) 
2003 2004 47,900,000 9,200,000 (19%) 38,700,000 (81%) 

Average  2528,600,000  7,27,900,000 (28%)  18,420,700,000 (72%) 
    

Sources: Seiler 1994; 1995, Seiler and Kishimoto 1996; 1997A; 1997B;Seiler et al 2004A, 
2004B, 2005A, 2005B WDFW, unpublished data 
 

 
TABLE 2-2. 

MEDIAN MIGRATION DATES OF HATCHERY, NATURALLY PRODUCED, AND COMBINED 
SOCKEYE FRY IN THE CEDAR RIVER FROM 1992-20042 

Brood Sampling Median Date Difference 
Year Year Natural Hatchery Combined N-H (days) 
1991 1992 3/18 2/28 3/12 18 
1992 1993 3/27 3/07 3/25 20 
1993 1994 3/29 3/21 3/26 8 
1994 1995 4/05 3/17 3/29 19 
1995 1996 4/07 2/26 2/28 40 
1996 1997 4/07 2/20 3/16 46 
1997 1998 3/11 2/23 3/06 16 
1998 1999 3/30 3/03 3/15 27 
1999 2000 3/27 2/23 3/20 32 
2000 2001 3/10 2/26 3/06 12 
2001 2002 3/25 3/04 3/18 19 
2002 2003 3/08 2/24 3/03 12 
2003 2004 3/21 2/23 3/15 26 

Average 3/246 3/012 3/145 234 
     

Source: Seiler et al., Volkhardt and Fleischer 2005B 
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Figure 2-1. 2000 Egg Take Timing at the Hatchery and Counts of Live Sockeye in the Cedar River 
(WDFW data). 

In the past, Aa portion of the outmigrating fry are were measured at the fry trap. The 
average fry size is 29 mm (± 1 mm). The size of hatchery and natural fry at this time is 
assumed to be similar, as hatchery fry are not reared (David Seiler, WDFW, pers. 
comm.). 

The fry trapping data allows estimates of in-river survival of some hatchery fry and the 
relationship between their survival, their release site along the river, and conditions 
during migration. Survival of naturally produced fish from the time of egg deposition to 
the time they reach the migration trap and the relationship between those survival 
rates and river discharge are estimated based on estimates of escapement and 
fecundity. In general, in-river survival of hatchery fry increased with river discharge 
during migration (Seiler and Kishimoto 1997b). For naturally produced fry, survival 
rates were negatively correlated with river discharge during the incubation period 
(Seiler and Kishimoto 1997b). Higher river discharges during egg incubation 
apparently decrease survival by mobilizing riverbed sediments, resulting in bed scour 
(Ames and Beecher 2001). 

Pre-smolt surveys have been conducted each year in  March or April. Scientists use 
these data to estimate  the number of sockeye juveniles that are about to leave the 
system that year, as well as determine their average size. The results of these studies 
are forthcoming and will be regularly integrated into the AMP process. 

Since 1995, studies on salmon smolts have been occurring at the locks. These studies 
mostly focus on chinook smolts, but also address the travel time, travel speed and 
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residence time of coho and sockeye salmon and steelhead trout. These studies have 
not examined sockeye size or other hatchery-related topics (Fred Goetz, U.S. Army 
Corps of Engineers, pers. comm.). 

2.1.3 Remaining Unknowns 

What mixture of natural and hatchery production is adequate to maintain 
ecological integrity of the Cedar River population? 

The intent of the hatchery program is to boost production in the system without  
significantly lowering the ability of the sockeye population to successfully reproduce in 
the river. Therefore, there is a desire to keep a stable and healthy balance between the 
number of hatchery and naturally produced sockeye salmon at all life history stages. 
Based upon hatchery objectives, a population of 100 percent hatchery fry would 
represent a failure. However, it is not known at what point the population composition 
is balanced. 

Based upon fisheries management policy and early analysis by the science panel 
(Brannon et al. 2001), the population composition should be about 50 percent 
hatchery and 50 percent natural returning adults (see the Capacity Analysis for a 
further discussion). If we assume that survival is roughly equal between the two 
groups after the incubation stages, then 50 percent would be the target composition at 
the fry stage. However, there are several unknowns about this composition from an 
ecological standpoint: 

• It is not known how a 50 percent hatchery population would affect the 
ability of the population as a whole to spawn in the river. 

• Given the effects of river scour on the natural population, there will be 
variability in the system depending on river conditions. 

Overall, this important question cannot be easily answered. From the policy standards 
established, it will be assumed that 50 percent hatchery is the acceptable average for 
hatchery presence in the population. Adaptive management of other uncertainties 
(e.g., reproductive success, Lake Washington ecosystem health) will help assess this 
standard over time. 

What are the growth, survival, and population composition of Cedar River 
sockeye fry once they enter Lake Washington? 

There are limitedno accessible data on the size and growth of hatchery and naturally 
produced sockeye fry in Lake Washington (Schroder memo, WDFW, 2005). The WDFW 
has been conducting pre-smolt estimates within the lake since the late 1960s or early 
1970s. It is hoped that the results from these studies can be examined to identify 
trends in the size and growth of sockeye fry at the pre-smolt stage over the last 
20+ years to provide a baseline for average size and growth, their variability, and 
relationship to density. Through establishing a baseline, it will be possible to detect 
any difference that might be seen in the Cedar River population as hatchery 
production increases. The otoliths of sockeye salmon produced at the interim hatchery 
have been marked by exposure to distinct thermal regimes, so those caught in the pre-
smolt surveys are identifiable as hatchery or naturally produced. These samples will 
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provide a basis for examining size differences between hatchery and natural fry at this 
stage and estimating the population’s composition (hatchery and natural). 

What are the growth, survival, and population composition of Cedar River 
sockeye smolts migrating through the locks? 

Research on smolt passage at the locks has been conducted since 1995; however, 
there are no available data on sockeye size, growth, or hatchery-natural composition 
at this life stage. It is difficult to justify quantification of smolts as hatchery or natural 
as it would require lethal sampling that would affect other sockeye populations in the 
basin. In addition, pre-smolt sampling that occurs one to two months prior to smolt 
migration provides a comparable time point because much of the in-lake growth and 
mortality has likely taken place by this time. Due to these facts, the AMP focuses on 
pre-smolt sampling. However, smaller sample sizes will be used to establish ratios of 
hatchery smolts to wild smolts and their relative sizes. 

2.1.4 Hypotheses 

The following hypotheses will guide research and monitoring studies for this 
uncertainty. 

• There is no difference in migration timing between hatchery and 
naturally produced fry. 

• At the time of emergence, there is no difference in size of hatchery and 
naturally produced fry. 

• The average proportion of hatchery fry in the Cedar River sockeye 
population does not significantly exceed 50 percent. 

• At the time of pre-smolt surveys, there is no difference in size of 
hatchery and naturally produced fry. 

• At the time of pre-smolt surveys, the proportions of hatchery and 
naturally produced sockeye do not differ from those that entered the 
lake as fry. 

2.1.5 Monitoring and Research Plan 

Migration Timing 

Migration timing of sockeye population in the Cedar River should continue to be 
examined through fry trapping at the mouth of the river. The hatchery is designed to 
contain equipment to alter the water temperature in the hatchery to more closely 
follow the temperature of the river. Studies of migration timing should start when the 
new hatchery begins operation and continue for up to eight years to determine the 
effectiveness of this activity in matching the migration timing of hatchery and 
naturally produced fry. The developmental rate of salmon embryos is closely controlled 
by temperature, and after a few years it may be clear that only careful monitoring of 
temperature regimes is necessary to project emergence timing. 
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Fry Size at Emergence 

Examination of naturally produced fry trapped at the mouth of the Cedar River can 
readily determine the size of these fry. Samples will need to be collected throughout 
emergence at the hatchery to provide comparable data. Fry retained for otolith 
analysis should have their length and weight recorded so that an average, range and 
variance for hatchery and naturally produced fry can be calculated. These studies will 
coincide with those on migration timing, and will depend on the results of all fry 
trapping studies. 

Fry Population Composition 

The population composition of Cedar River fry should continue to be monitored. 
through fry trapping and otolith examination. The composition estimates should cover 
years of varying escapement and river conditions to provide an accurate idea of the 
average and variability. These studies will occur over the first eight years of hatchery 
operations, coinciding with migration timing and fry size studies, and further data 
collection will be dictated by the results of all fry trapping studies. 

Pre-Smolt Size and Growth 

Annual pre-smolt surveys should be supported to allow comparisons of size and 
survival between hatchery and naturally produced fry, identified by otoliths. 
Comparison between sizes of fry entering the lake the previous spring and size of pre-
smolts should allow growth estimation for the two groups. 

Comparison of the relative survival and growth of sockeye fry will be complicated by 
the presence of naturally produced fry from other tributaries in the system (notably 
but not exclusively Bear Creek). These fish, if not accounted for, would influence the 
size and growth estimates of naturally produced Cedar River fry. It might be necessary 
to quantify the size of fry from northern lake tributaries and determine if any 
differences exist between the Cedar River and other sockeye fry populations. If there 
are no differences, then it could be assumed that there is not a high amount of bias in 
the growth and size estimates of naturally produced Cedar River fry due to presence of 
other wild sockeye populations. Study plans will account for this complication in their 
design. 

In addition, it should be possible to collect scales from adult salmon (e.g., from fishery 
sampling) and back calculate their size as smolts. By also examining the otoliths, one 
could compare sizes of hatchery and naturally spawned fish. Scales removed from fully 
mature salmon can be difficult to read so recoveries at the hatchery and spawning 
grounds might not be suitable for such analysis. 

This study should be conducted annually for up to 10 years and could be combined 
with studies of lake carrying capacity (see Uncertainty #5). 

Pre-Smolt Population Composition 

During pre-smolt surveys, fish should be collected to recover otoliths and identify the 
proportion of hatchery and naturally spawned fish for comparison with the 
proportions of hatchery and naturally produced fry entering the lake to determine if 
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there is a difference in survival. As with the assessment of growth, the presence of wild 
fry from populations besides the Cedar River will complicate this analysis. Some idea 
of the contribution of sockeye from other tributaries to the lake population should be 
obtained. Ideally, fry would be trapped from the major tributaries (Issaquah Creek and 
Bear Creek) but in the absence of such data the abundance of these groups of fry 
might be estimated from counts of adults in the creeks and estimates of fry production 
from assumed survival rates or short-term field studies. In years when the basin’s 
population is dominated by the Cedar River this may not cause much error, but large 
escapements to sites other than the Cedar River will weaken the analysis of fry to pre-
smolt survival rates. Study plans will address this complication when developed. This 
monitoring will occur in the same years as fry population composition to allow for 
comparison data (initially, years 1 through 8). 

Budget 

The Habitat Conservation Plan (HCP) budget allocated a total of $662,480 (1996 
dollars) for fry trapping and counting and $378,560 for fry marking and evaluation for 
50 years. For each year, between 1 and 8, $41,405 was allocated for fry trapping and 
counting. Fry marking and evaluation is allocated $23,660 per year for years 1 
through 8. 

Table 2-3 provides a breakdown of the HCP allocation for the category each hypothesis 
falls into and the estimated amount that each study would cost. It should be noted 
that the pre-smolt survey cost is estimated at $19,000 and is not a specific HCP 
commitment. Nevertheless HCP funding and other sources have been identified to 
continue this monitoring activity due to its importance and efforts will be made to 
continue to support pre-smolt surveys.  

2.1.6 Adaptive Management Actions 

Migration Timing 

Potential Study Outcomes 

For migration timing, the potential study outcomes are as follows: 

1. There is no significant difference in the migration timing of hatchery 
and naturally produced fry. 

2. There is a significant difference in the migration timing of hatchery and 
naturally produced fry. 

Threshold 

If the timing of wild and hatchery runs differed, the process described in Section 4.8 
will be followed to determine the cause and identify steps needed to rectify it. The 
timing of the migrations would be deemed “different” if statistical analysis of the 
distributions (e.g., test of means or medians, depending on the normality of the data) 
indicated a less than 5 percent chance that they were similar in two years out of five. 
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The unfavorable outcome would be a significant difference in migration timing between 
the two groups, which could lead to reduced survival of hatchery fish. 

Currently there is a difference in migration timing between hatchery and naturally 
produced fish. To adjust the hatchery timing to more closely resemble the timing of 
naturally produced fish, the hatchery is to alter water temperatures to mimic the 
temperatures in the river. Initial study results will determine whether that is an 
effective method to fix the differential in migration timing. After implementation of 
water chilling, if a difference in migration timing is still found, other corrective 
measures would need to be developed.  

 

TABLE 2-3. 
ANNUAL BUDGET ALLOCATION FOR HYPOTHESES RELATED TO SIMILARITY IN FRY SIZE, 
GROWTH, AND MIGRATION TIMING BETWEEN HATCHERY AND NATURALLY PRODUCED 

FRY, AS WELL AS THE CEDAR RIVER JUVENILE POPULATION COMPOSITION  
FOR THE FIRST 10 YEARS 

  HCP Allocation AMP  

Hypothesis 
HCP Budget 

Category Years 
Amounta 
(per year) Yearsb 

Estimated 
Cost (per year) Comments 

Migration 
Timing 

Fry migration 
timing and 
size 

1-8  
24-27 
42-45 

$41,405 1-8 $40,000c Conduct with 
size and 
composition 
studies 

Fry Size Fry migration 
timing and 
size 

1-8 
24-27 
42-45 

$41,405 1-8 $40,000c Conduct with 
timing and 
composition 
studies 

Fry 
Population 
Composition 

Fry marking 
and evaluation 

1-8 
24-27 
42-45 

$23,660d 1-8 $83,000e Conduct with 
size and timing 
studies 

Pre-Smolt 
Size and 
Growth 

None — — Each 
year 

$19,000 Funding from 
other sources 

Pre-Smolt 
Population 
Composition 

Fry marking 
and evaluation 

1-8 
24-27  
42-45 

$23,660 1-8 $15,000f Funding from 
other sources 

a. Total amount allocated to all activities within that budget category (1996 dollars). 
b. Study years within the first ten years of the hatchery only. Further studies will be decided 

through analysis of study results. 
c. The total fry trapping cost is $80,000, which includes both WDFW overhead and trapping 

for all species of salmon in the Cedar River. The City contributes about $40,000 annually. 
d. This covers $23,000 for fry marking in the hatchery. 
e. This estimate includes $23,000 for fry marking in the hatchery, plus subsequent otolith 

analysis assuming 150 otolith samples per night for 30 nights at $13 per otolith. 
f. Estimate is for otolith analysis only. Boat time and sample collection are included under 

the pre-smolt size and growth estimate. 



Adaptive Management Plan; Cedar River Sockeye Hatchery… 

Adaptive Management Plan  2-10 July 2005 

Table 2-4 includes additional factors that could cause earlier migration timing of 
hatchery fish and ways to change operations to reduce the influence of that factor. At 
this time, it appears that the egg take timing does not begin before spawning in the 
river; however, this condition should be further analyzed if water temperature 
corrections are not effective. 
 

TABLE 2-4. 
FACTORS (OTHER THAN WATER TEMPERATURE) THAT COULD CAUSE EARLIER MIGRATION 

TIMING OF HATCHERY FISH AS COMPARED TO NATURALLY PRODUCED FISH AND 
POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 
Collection of too many 
hatchery fish at the 
beginning of the 
spawning season. 

Further study of egg take timing and river spawning timing. If a 
contributing influence of egg take timing is found on differential 
migration timing, the egg take/broodstock collection schedule should 
be altered to reduce the number of eggs/fish taken at the beginning of 
the run and increase the number of eggs/fish taken later in the run. 

High density of alevins 
in the incubator 
promoting more rapid 
development 

Alevin density can affect development rates. However, this relationship 
is also influenced by flow and substrate depth (Derek Poon, U.S. E. P. 
A., pers. comm.). Incubator conditions should be altered if this is a 
factor in earlier migration timing (e.g., reduced density, changes in 
water flow rates). 

Fry Size Before Entering Lake Washington 

Potential Study Outcomes 

The potential study outcomes for this hypothesis are: 

1. There is no difference in size of emergent hatchery and naturally 
produced fry from the Cedar River. 

2. There is a difference in fry size of emergent hatchery and naturally 
produced fry from the Cedar River. 

Threshold 

If the lengths of natural origin and hatchery fry differed, the process described in 
Section 4.8 will be followed to determine the cause and identify steps needed to rectify 
it. The size of the fry would be deemed “different” if statistical analysis of the 
distributions (e.g., test of means or medians, depending on the normality of the data) 
indicated a less than 5 percent chance that they were similar in two years out of five. 

The unfavorable outcome for this study would be a difference in fry size between the 
two groups. Abnormally small fry from the hatchery would have a handicap, resulting 
in low post-release survival rates. Large hatchery fry would have competitive 
advantages that would increase survival, complicating integration of natural origin and 
naturally produced fish. Size differences as small as 2 to 3 mm can greatly affect 
swimming performance and predator avoidance (Bams 1967), which ultimately affect 
fry survival. The difference in survival would alter the balance in the composite 



…2. KEY UNCERTAINTIES 

Adaptive Management Plan  2-11 July 2005 

population. Different factors influencing fry size are listed in Table 2-5 with their 
potential methods of correction. 
 

TABLE 2-5. 
FACTORS THAT COULD CAUSE A DIFFERENCE IN THE SIZE OF HATCHERY AND 

NATURALLY PRODUCED FRY AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 
Direct or indirect selection of females for 
the hatchery with respect to body size, 
causing selection for egg size. 

Ensure that broodstock collection methods result 
in random selection of females. 

Hatchery rearing Do not rear fry. Release them as soon as possible 
after volitional emergence. 

Incubation substrate Provide sufficient incubation substrates to avoid 
excessive alevin activity. 

 
Pre-Smolt Size and Growth 

Potential Study Outcomes 

Potential outcomes for this research hypothesis are: 

1. The size and growth of hatchery and naturally produced pre-smolts in 
Lake Washington are similar to each other. 

2. The size and growth of hatchery and naturally produced pre-smolts in 
Lake Washington are significantly different from each other. 

Threshold 

If the lengths, weights, or condition factors (weight-length relationships) of natural 
origin and hatchery pre-smolts differed, the process described in Section 4.8 will be 
followed to determine the cause and identify steps needed to rectify it. The size of the 
pre-smolts, based on spring sampling, would be deemed “different” if statistical 
analysis of the distributions (e.g., test of means or medians, depending on the 
normality of the data) indicated a less than 5 percent chance that they were similar in 
two years out of five. 

The undesirable outcome would be a difference in size and growth between the two 
groups. The potential causes of growth differential are listed in Table 2-6 along with 
potential methods of correction. 
 

TABLE 2-6. 
FACTORS THAT COULD CAUSE DIFFERENTIAL GROWTH BETWEEN HATCHERY AND 
NATURALLY PRODUCED PRE-SMOLTS AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 
Physiological condition causing an advantage 
or disadvantage in foraging and avoiding 
predators 

Examine and alter size or attributes of fry 
leaving the hatchery/adjust release strategy. 
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Timing of release from the hatchery Adjust the timing of hatchery fry to better 
match that of the naturally produced fish (see 
Table 2-4). 

Pre-Smolt Population Composition 

Potential outcomes of this hypothesis study include: 

1. There is no difference between fry and pre-smolt population 
composition. 

2. Hatchery pre-smolts represent significantly less than or greater than 
their proportion in the fry population, after accounting for fry produced 
outside the Cedar River. 

The undesirable outcome would be more than 50 percent hatchery pre-smolts in the 
lake sockeye population (after accounting for other Lake Washington sockeye 
populations), or a decline in hatchery contribution to the overall population. Table 2-7 
lists potential causes for a change in the proportion of hatchery pre-smolts in the 
Cedar River population and potential remedies. 
 

TABLE 2-7. 
FACTORS THAT COULD ALLOW A CHANGE IN THE REPRESENTATION OF HATCHERY FISH 

IN THE PRE-SMOLT POPULATION AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Higher survival of hatchery fry while in 
the lake due to size or release date. 

See correction methods under fry and pre-smolt size, 
growth and timing (see Tables 2-5 and 2-6). 

Selective pressures favoring survival of 
hatchery pre-smolts over natural pre-
smolts.  

This would be difficult to measure and would likely 
have to be conducted with studies of the lake 
ecosystem if thought to be a significant factor. 

Under-representation of hatchery fry 
caused by disease or behavior 
impairment. 

Increase scrutiny of fry leaving the hatchery for health 
and minimize practices that could induce maladapted 
behavior.  

2.2 UNCERTAINTY NO. 2—DOES THE HATCHERY REDUCE THE 
REPRODUCTIVE SUCCESS OF CEDAR RIVER SOCKEYE SALMON? 

2.2.1 Definition and Importance 

Reproductive success is the number of progeny produced per adult that survive to 
reproduce themselves. There are several components of reproductive success, 
including the number and size of eggs produced by females, their competence in 
selecting, preparing and defending breeding sites, and the survival of their offspring 
after emergence. For males, reproductive success depends on the ability to gain access 
to ripe females and fertilize eggs, and the survival of those embryos. Reproductive 
success is a complex function of individual traits (chiefly related to body size and date 
of spawning), density-dependent processes (including competition for breeding space 
by adults, competition for food by offspring, and predation), and environmental factors 
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such as flooding in the river where spawning and incubation occur and temperature in 
the lake and at sea. Reproductive success is therefore a result of intrinsic, genetically 
influenced individual traits as well as processes extrinsic to the individual fish. 

The life history patterns (e.g., size and age at maturity, egg size, spawning date, etc.) of 
populations are evolutionary adaptations to maximize reproductive success. The Cedar 
River population is not native, and the low reproductive success of the population (that 
is, few returning adults per spawner) may in part reflect the mismatch between 
genotype and environment. Reduction in reproductive success of the naturally 
spawning population would reduce the overall productivity of the system and might 
accelerate the decline of the naturally spawning population. Operation of the hatchery 
could affect reproductive success through various processes. 

First, the hatchery might reduce the reproductive success of the naturally spawning 
population by removing some selective pressures on reproductive traits such as 
courtship and redd site choice. By spawning fish at random in the hatchery, smaller or 
weaker fish that would be at a disadvantage in the river might produce as many 
offspring as stronger individuals. Through time this can alter the reproductive success 
of the population. 

Second, there might be some alteration in the genetic composition of the hatchery 
population (“domestication selection”) rendering them more fit for the hatchery and 
less fit for natural conditions. Such inadvertent selection has been documented, and 
at least some of the poor performance of hatchery-origin steelhead spawning in rivers 
compared to sympatric wild steelhead may result from this process (Chilcote et al. 
1986; Leider et al. 1990), although steelhead hatcheries rear their fry for a year or 
more while the sockeye hatchery would be releasing the fry soon after they leave the 
incubators. 

Third, the hatchery may tend to select for phenotypes that are natural but that do not 
represent the full spectrum of the naturally spawning population. The adults have an 
unusually protracted period of spawning (from September until December or even 
later) compared to other sockeye salmon populations. It is not clear whether this 
reflects recent evolutionary adaptation to the Cedar River and Lake Washington basin 
or ancestral patterns. Baker Lake sockeye, from which the Cedar River population is 
thought to be largely derived, do spawn over a similar time period (late September to 
December; Washington Department of Fisheries et al. 1992). There is a strong genetic 
basis for spawning timing in salmon, and other life history traits tend to co-vary with 
spawning date such as body size, energy and reproductive allocation (Hendry et al. 
1999), and the location of spawning. Assuming the present condition reflects natural 
selection in the Lake Washington basin, a change in the temporal and spatial 
distribution of spawning might reduce the reproductive success of naturally spawning 
salmon in the future. 

2.2.2 Existing Data and Knowledge 

Some data on the age, size, egg size, fecundity, and morphology of Lake Washington 
(including Cedar River) sockeye were reported by Quinn et al. (1995) and Hendry and 
Quinn (1997). WDFW has been conducting research on sockeye returning to the Cedar 
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River. Their data includes an examination of size, fecundity, egg size, and age at 
maturity of hatchery and naturally produced fish. These data are currently being 
analyzed and will be considered in the adaptive management process as they are 
available. 

Results of otolith analysis of sockeye collected between 1997-2000 are presented in 
Fresh et al. (2003). They conclude that in some comparisons hatchery origin female 
sockeye were significantly smaller than those of natural origin females of the same 
age. They also conclude that there are differences in adult distribution during 
spawning and that the broodstock collected to date are timed earlier than the overall 
run. They found no significant differences in age at maturity or return timing between 
hatchery and natural origin returns. 

In addition to research on phenotypic traits, there have been several studies of the 
genetic structure and ancestry of Lake Washington basin sockeye (e.g., Hendry et al. 
1996, 2000; Bentzen and Spies 2000; Spies et al. 2001; Young et al. 2001). Despite 
this work, there is considerable uncertainty about the origins and present structure of 
the populations. It seems most likely that the present Cedar River population was 
derived from transplants from the Baker Lake system in the 1930s and 1940s, though 
it is difficult to rule out contributions from other transplants. Moreover, the existence 
of small native sockeye and kokanee populations in the Lake Washington system 
(though probably not the Cedar River) seems likely but it is difficult to be certain 
which (if any) present populations represent pure “native” sockeye. 

2.2.3 Remaining Unknowns 

Is there a trend in body size, fecundity and egg size through time? 

Many Pacific salmon populations, including ones in the Puget Sound area, have 
experienced declines in body size over the past decades; in others there is evidence of 
significant annual variation. There are many possible reasons for this, including but 
not limited to, changes in smolt size (including hatchery effects), changes in age 
composition of spawners, temperature regimes and competition for food at sea, and 
selective fishing. Declines in size may manifest themselves in reduced fecundity 
(Washington and Koziol 1993). It is possible that changes in growing conditions in the 
lake (i.e., smolt size) could affect age composition and fecundity, however, this 
relationship has not been examined in Lake Washington. It is possible that data from 
ongoing studies or retrospective analysis of existing data could shed light on this 
question. 

What is the relationship between spawning date and location of spawning? 

Sockeye salmon that return early to the Cedar River tend to spawn in the upper 
reaches of the river to a greater extent than those returning later (Ames and Beecher 
2001). Recent rRecoveries of otoliths from experimental groups released from the 
hatchery into the upper, middle and lower reaches of the river indicated that adults 
tend to return to the site where they were released more often than would occur by 
chance (Kurt Fresh et al, 2003WDFW, pers. comm.). During the period of evaluation, 
samples taken during the broodstock collection period, suggest that hatchery returns 
tended to favor upstream spawning areas more so than naturally produced sockeye. 
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Therefore, it is likely that naturally spawned fry emerging from specific reaches of the 
river will return to those reaches, resulting in partial segregation of the run in space 
and time. There is abundant evidence that early and late spawning salmon differ in 
longevity and other life history traits (Perrin and Irvine 1990; Hendry et al. 1999), and 
so timing is not merely a random variable but is associated with other important 
adaptations. Therefore, it is important to understand how adults returning over the 
course of the spawning season distribute themselves in the river. 

2.2.4 Hypotheses 

Abundance, life history patterns, and genetic structure of salmon populations are not 
fixed. Some variation is both inevitable and beneficial. Nevertheless, some changes 
would foreshadow declines in fitness and are cause for concern. The following null 
hypotheses will guide initial monitoring and research studies for this uncertainty. 

• The size and age composition of the population at maturity of Cedar 
River sockeye will not show a trend over time. 

• The relationships between body size, fecundity and egg size of female 
sockeye in the Cedar River will remain constant. 

• The spatial and temporal distribution of spawning will remain constant 
over time. 

• There will be no difference in reproductive success between hatchery 
and naturally produced sockeye spawning naturally. 

• There will be no trend toward lower overall reproductive success of 
naturally spawning sockeye over time. 

• The genetic composition of the Cedar River sockeye population will not 
change over time. 

2.2.5 Monitoring and Research Plan 

Size and Age at Maturity 

To investigate size at age, adult sockeye should be sampled for otoliths or scales to 
determine age and their length should be measured. This will allow a long-term 
comparison of size at maturity to determine if sockeye are becoming smaller or if the 
age composition is changing. As part of routine operations, a sample of the adult 
salmon spawned at the hatchery and carcasses retrieved from the river need to be 
measured and their otoliths removed to assess the proportion of hatchery and 
naturally produced fish. Body size measurements should use the same methods each 
year (e.g., mid-eye to hypural plate) and ages of naturally spawned fish should be 
validated using otoliths of known-age hatchery fish. Size data should be collected at 
the hatchery annually from fish spawned on each egg-take date. Otolith collection, at 
both the hatchery and in the river, should occur in years 1-10. Lengths of fish 
spawning in the river should also be collected during years 1-10. Further data 
collection will depend on initial study results and analysis. 

A broodstock collection site located as close as possible to the mouth of the Cedar 
River would allow collection of a random sample of sockeye as they migrate. (The 
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location of the broodstock collection facility used for the interim hatchery limits access 
to later returns and to downriver spawners.) A sampling approach could then be 
developed to gather samples that accurately characterize the sockeye run. 

Fecundity and Egg Size 

Female body size, egg size, and fecundity should be examined over time to determine if 
any decrease is occurring in the population. Study methods should include taking 
female lengths, weighing the total mass of fresh (i.e., not water-hardened) eggs she 
produces, and collecting a small number (about 50) for separate weighing and 
counting. This should provide an accurate estimate of egg size, fecundity, and 
gonadosomatic index. These females should also be sampled for otoliths to determine 
age and origin (hatchery or river). This should allow detection of any differences in 
reproductive output between natural and hatchery fish, and among hatchery 
treatment groups. Relationships between size, age, egg size, and fecundity can also be 
examined. 

Spawning Date and Location 

To examine how spawners returning at different times over the spawning run 
distribute themselves in the river, tagging studies should be conducted. Adult sockeye 
should be trapped at the mouth of the river or the broodstock collection facility at 
various times during the spawning run and tagged. Recovery surveys should then be 
conducted to trace where those fish go in the system and ultimately spawn. These 
studies could be conducted in connection with tagging and movement studies of 
sockeye in the lake as well (see Uncertainty No. 3), and should be connected with 
length, age, and otolith examination. 

Reproductive Success 

The null hypothesis is that after one or more generations of breeding in the hatchery, 
the reproductive success of naturally spawning sockeye salmon will not differ between 
individuals whose parents were bred in the hatchery and those whose parents were 
not. Under this hypothesis, hatchery-bred fish spawning in the river (from the first 
years of the hatchery) would produce progeny that could not be distinguished from 
naturally spawning fish, so only the effects of a single generation of hatchery 
production could be assessed. 

This hypothesis could be tested by allowing adults (of unknown parentage) to enter 
and spawn in a discrete area such as a spawning channel. Otolith examination (post-
mortem) would determine their origin and DNA parentage analysis (from fin-clips of 
adults and fry) could determine whether the per capita fry production differed between 
naturally spawning and hatchery parents. This assessment would depend on having a 
mix of naturally spawning and hatchery parents; if all the parents were hatchery 
produced then no light would be shed on the question. This would not be known until 
after the spawning had taken place, and so the study should be conducted in a season 
when an approximately equal ratio is expected. This study should be conducted in 
years 1-2 and repeated in years 9-10. 
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In addition to this direct (albeit somewhat controlled) comparison, the reproductive 
success of the two groups could be compared in an indirect, less controlled manner. 
Knowing the number of females that spawn in the river each year and estimating (from 
otolith examination) the proportion of hatchery females, will allow comparison of the 
number of fry produced per female among years with varying proportions of hatchery 
females. The drawbacks to this method are that many years of data would be required 
and that other factors affecting fry production (notably density, flow, and variation in 
spawner distribution) would have to be considered in the analysis. 

The possibility of the population becoming progressively less fit for natural 
reproduction will have to be evaluated. This is complicated by non-genetic factors 
(notably flooding during incubation and flow-related survival during migration by fry 
to the lake). However, a decrease in the flow-adjusted survival rate over time would be 
cause for concern because even under present conditions the naturally spawning 
populations is barely replacing itself. To evaluate this possibility, adult to adult 
survival for hatchery and natural origin groups within year and over time will be 
evaluated along with fry production per capita for naturally spawning sockeye. 

Genetic Composition 

Life history traits such as spawning date and body size reflect both genetic and 
environmental influences. In addition to these phenotypic traits that are subject to 
natural selection and affect fitness, there are biochemical and molecular traits that 
appear neutral to selection and are not influenced by environmental conditions. Such 
traits have been used to test hypotheses regarding ancestral origins and present 
population structure in the basin (Hendry et al. 1996, 2000; Bentzen and Spies 2000; 
Young et al. 2001). Because the different variants of the alleles apparently confer no 
fitness benefits, there is no “ideal” genetic composition that needs to be maintained. 
Rather, it is generally believed that levels of genetic diversity, as indicated by these 
traits, are associated with the overall health of the population (Ryman 1991; Waples 
1991). In addition, shifts in gene frequency might be associated with changes in 
adaptive traits not being measured. 

Over the past few decades there have been many very rapid changes in the tools used 
for studying the genetic composition of populations, and we might anticipate further 
advances in this scientific discipline (Carvalho et al. 1994). Progress has been made, 
not by rejecting early techniques (e.g., polymorphic proteins) but by adding other 
techniques and markers (e.g., mitochondrial and nuclear DNA). It therefore would be 
unwise to recommend any particular technique for genetic analysis. Rather, it will be 
most important to collect and archive samples from a fraction of the naturally and 
hatchery produced salmon, and from other spawning populations in the basin, such 
as Bear Creek. Annual processing of these samples will be unnecessary and no 
specific management action would result from small changes in the frequency of 
alleles in the population. However, it would be prudent to conduct analysis on a 
periodic basis to track trends over time. Genetic studies should occur at the end of the 
first decade of hatchery operations (years 9-10), in conjunction with reproductive 
fitness studies. 
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Budget 

The HCP budget allocated a total of $567,840 over the life of the project to monitor 
phenotypic and genetic traits, tentatively budgeted as $35,490 per year for years 1-4, 
9-12, 28-31, and 46-49. Otolith recovery from returning adults was budgeted at 
$47,320 per year for years 1-12, 28-31, and 46-49. These years were presumably 
selected to permit collection of the returning adults that had been marked in the 
earlier years (24-27 and 42-45) and to parallel genetic analyses. Table 2-8 presents the 
allocated and estimated budgets. 

2.2.6 Adaptive Management Actions 

Size and Age at Maturity 

Potential Study Outcomes 

Plausible outcomes of this study are as follows: 

1. There is no trend in size and age at maturity of Cedar River sockeye 
over time. 

2. There is a trend toward decreasing size at age and increasing age at 
maturity, or increasing size at age and decreasing age at maturity of 
Cedar River sockeye over time. 

Threshold 

If the size at age or age composition of natural origin and hatchery produced adults 
differed, the process described in Section 4.8 will be followed to determine the cause 
and identify steps needed to rectify it. The size of the adults, based on random 
samples from the weir, would be deemed “different” if statistical analysis of the 
distributions indicated a less than 5 percent chance that they were similar in two 
years out of five.  
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TABLE 2-8. 
BUDGET ALLOCATION FOR HYPOTHESES RELATED TO REPRODUCTIVE FITNESS AND 

GENETIC COMPOSITION OF CEDAR RIVER SOCKEYE FOR THE FIRST 10 YEARS 

  HCP Allocation AMP  

Hypothesis 
HCP Budget 

Category Years 
Amounta 
(per year) Yearsb 

Estimated 
Cost (per year) Comments 

Size and age 
at maturity 

Otolith 
recovery from 
returning 
adults 

1-12 
28-31 
46-49 

$47,320 Size: 
annual 
Otoliths

: 
1-10 

$45,000c Conduct in 
conjunction 
with fecundity 
and egg size 
sampling 

Fecundity 
and egg size 

Phenotypic and 
genetic traits 

1-4 
9-12 
28-31 
46-49 

$35,490 Annual Hatchery 
Operation 

Should be a 
routine 
hatchery 
operation 

Spawning 
date and 
location 

None — — 1-4 $25,000 Conduct in 
conjunction 
with otolith 
recovery 

Reproductive 
Success 

None — — 1-2 
9-10 

$35,000 Combine with 
genetic 
composition in 
all but years 1-
4 

a. Total amount allocated to all activities within that budget category. 
b. Study years within the first ten years of the hatchery only. Further studies will be decided 

through analysis of study results. 
c. Size measurements at the hatchery should be integrated with hatchery operations. 

Measurements of salmon from the river and otolith extraction and processing are 
accounted for in the cost estimate. This supplies only a portion of the total amount. A total 
budget of $167,000 would be required for collection of otoliths in the field and at the 
hatchery, otolith analysis, fry marking, data analysis and report preparation, and WDFW 
overhead (Kurt Fresh, WDFW, pers. comm.). $23,000 for fry marking is included in the 
budget for Uncertainty #1 (see Table 2-3). 

Length at age data would be examined by analysis of variance with age and brood year 
as factors. Age composition would be tested by a chi-square contingency test or other 
test for categorical data. In addition, their might be a progressive trend that was not 
significant in a few years but was evident over time. To test for such a trend, the 
average length at age 1.2 (the modal age for this population) would be calculated for 
natural origin and hatchery adults. We would first test for a significant trend in each 
population, and then if the slopes differed significantly from 0 (i.e., there was evidence 
of a trend) we would compare the slopes from the two groups. These regression 
relationships would be calculated annually. 
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The undesirable outcome would be significant differences in age at maturity or size at 
age between hatchery and natural origin adult returns. Table 2-9 lists the potential 
causes of this outcome and possible methods of correction. 
 

TABLE 2-9. 
FACTORS THAT COULD CONTRIBUTE TO DIFFERENTIAL SIZE AND AGE AT MATURITY FOR 

CEDAR RIVER SOCKEYE AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Alteration of size-selective pressures 
in the hatchery. 

Through AMP, review hatchery procedures and adjust 
as appropriate. 

Smaller smolts spending more time in 
the ocean. 

Assess smolt size and reduce the production of fry if the 
changes are serious enough to compromise the 
population’s productivity. Adjust release strategy. 

Changes in growing conditions at sea. Nothing, but need to incorporate these changes into 
forecasts for capacity and egg needs. 

Fecundity and Egg Size 

Potential Study Outcomes 

Plausible outcomes of this study include: 

1. Egg size and fecundity of returning female Cedar River sockeye remain 
unchanged over time, as absolute averages and as functions of body 
size. 

2. There is a reduction or increase in egg size and fecundity relative to 
body size of returning female sockeye salmon in the Cedar River over 
time. 

Threshold 

Egg size and fecundity will be examined by ANOVA with origin (natural or hatchery) 
and brood year as factors. Such analysis does not consider differences in body size, 
however. Accordingly, the data will also be examined using ANCOVA (analysis of 
covariance) with length as the covariate to determine if the natural and hatchery 
produced fish differ in reproductive output as a function of body length. To test for 
trends over time we will use both the raw mean egg size and fecundity data and size-
adjusted data by using the expected value for each year at a fixed length. That is, we 
will calculate the slope of the length-fecundity relationship for each year and then 
estimate the fecundity of females of a given length (e.g., 60 cm) in each year. If any 
significant patterns are detected, the process described in Section 4.8 will be followed 
to determine the cause and identify steps needed to rectify it. 

The undesirable outcome would be a reduction in egg size or fecundity in females. 
Table 2-10 lists the potential causes of these reductions and possible methods of 
correction. 
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TABLE 2-10. 
FACTORS THAT COULD CONTRIBUTE TO REDUCED EGG SIZE AND FECUNDITY IN CEDAR 

RIVER SOCKEYE FEMALES AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Smaller female body size results in fewer or 
smaller eggs. 

Determine whether the decline is related to 
growth rate or age at maturity, and examine 
ecological processes and possible inadvertent 
selection in the hatchery. Ensure broodstock is 
representative at the run. 

Slower growth in fresh water could result in 
fewer, larger eggs relative to body size. 
(Might not be true for sockeye.) 

Consider reducing fry production if the changes 
are serious enough to compromise the 
population’s productivity. 

Slower growth at sea results in fewer, larger 
eggs relative to body size, or more rapid 
growth results in more, smaller eggs. 

Nothing, but need to incorporate these changes 
into forecasts for capacity and egg needs. 

Spawning Date and Location 

This subject examines the pattern of spatial and temporal distribution and the co-
variation of these traits with life history patterns and with hatchery/natural origin. 
The first need for this study is to determine the prevailing patterns, building on 
detailed work done in 1969 (reported by Ames and Beecher 2001). The second need is 
to determine whether the hatchery might be affecting these patterns.  

Potential Study Outcomes 

Plausible outcomes of this study include: 

1. The spatial and temporal distributions of spawning by sockeye in the 
Cedar River are independent. 

2. There is a tendency for earlier (or later) returning salmon to spawn 
predominately in the upper (or lower) section of the river. 

3. The timing and spatial distribution of salmon is independent of their 
life history traits (e.g., size, age, in-stream life) 

4. Large body size and longer in-stream life are associated with early 
arrival or upstream distribution. 

5. The hatchery-origin salmon tend to return earlier than naturally 
spawned salmon. 

 Threshold 

The weighted average spatial distribution (corrected for missing values) as indicated by 
WDFW live counts of sockeye in the Cedar River will not show a significant change 
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over the years, nor will there be changing interactions between date and location of 
spawning. Changes from year to year might result from a variety of physical factors, 
density, etc. and might not indicate an underlying shift in the behavior of the salmon. 
Accordingly, only progressive shifts of the same nature (e.g., fewer fish spawning at 
upriver locations) will be considered important, not merely differences in distribution 
from one year to the next. Such changes will be assessed by separating the river into 
discrete reaches and binning the counts into these reaches for the temporally discrete 
surveys each year. If any significant patterns are detected, the process described in 
Section 4.8 will be followed to determine the cause and identify steps needed to rectify 
it if the change is related to hatchery practices. 

The undesirable outcome would be a tendency for the hatchery broodstock collection 
to disrupt the natural pattern of spatial and temporal distribution, and co-variation of 
spawning date with life history traits (notably size and in-stream life). Table 2-11 lists 
the potential causes of changes in the population and possible methods of correction. 
 

TABLE 2-11. 
FACTORS THAT COULD CONTRIBUTE TO DIFFERENTIAL SPAWNING TIMING AND 

LOCATIONS FOR CEDAR RIVER SOCKEYE AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Broodstock collection practices 
disproportionately remove a 
portion of the population in space 
and time. 

Alter broodstock collection schedules to more accurately 
represent the entire run and encourage full utilization of 
the river. 

Harvest in Lake Washington 
removes a specific portion of the 
population. 

Determine patterns of lake entry, movements, upriver 
migration and spawning date and location (see Uncertainty 
No. 3). Shift broodstock collection practices to spread 
harvest over the entire run. 

Predominant releases of hatchery 
fry in the lower river. 

Sacrifice survival rate to provide full use of the upper river 
by releasing fry upriver. 

Disruption of space-time 
continuum. 

Make sure that fry from early spawning are predominantly 
released in the upper river and later fry released 
downriver, if this is the natural pattern.  

Reproductive Success 

Potential Study Outcomes 

Potential outcomes of this hypothesis study include: 

1. Hatchery and naturally produced sockeye have similar rates of 
reproductive success when spawning naturally, and there is no overall 
trend in fitness over time. 

2. Hatchery sockeye have lower rates of reproductive success when 
spawning naturally than do naturally produced sockeye, and there is a 
decreasing trend in productivity over time. 
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 Threshold 

Estimates of the number of natural origin sockeye salmon fry leaving the Cedar River 
each year will not show either a significant downward trend over the years, nor a 
significant correlation with the proportion of hatchery origin spawners in the parental 
generation. The production of fry is related to both the number of spawning adults and 
also the peak river discharge during the incubation period. Therefore, the multivariate 
relationship between fry production and these variables will be calculated, and the 
residuals from this relationships will be examined from either a time trend or a 
correlation with the relative abundance of hatchery origin parents. Alternatively, 
analysis may have to be limited to years with relatively low peak flows (< 100 m3/sec) 
because when flows are high the survival rates of embryos are so low that there would 
be little power to detect patterns related to origin or year. If any significant patterns 
are detected, the process described in Section 4.8 will be followed to determine the 
cause and identify steps needed to rectify it if the change is related to hatchery 
practices. 

Comparison of adult to adult return rates for hatchery and natural origin sockeye will 
be made. The adult to adult return for hatchery origin sockeye is expected to exceed 
that of natural origin sockeye due to the survival benefit of the protected hatchery 
environment during incubation. The magnitude of this difference will be evaluated 
each year and over time. Multivariate trend analyses would determine if within year 
differences in survival rates would be of the same magnitude over time. 

The undesirable outcome would be differential reproductive success between hatchery 
and naturally produced sockeye or a decreasing trend in fitness in the population over 
time. Table 2-12 lists the potential causes of the reduced fitness in the population and 
possible methods of correction. 
 

TABLE 2-12. 
FACTORS THAT COULD CONTRIBUTE TO DIFFERENTIAL REPRODUCTIVE SUCCESS FOR 

CEDAR RIVER SOCKEYE AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Relaxation or alteration of sexual 
selection processes  

Alter spawning methods at the hatchery to more closely 
follow natural conditions. However, this alteration in 
hatchery methods would not be easy as sexual selection 
processes are not well understood in natural systems.  

Inadequate contribution of 
naturally produced sockeye 
salmon to the population. 

Increase the target goal of naturally produced adults above 
50 percent. 

Genetic Composition 

Potential Study Outcomes 

Potential outcomes of this hypothesis study include: 
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1. There is no change in the genetic composition of Cedar River sockeye 
salmon over time, as measured by molecular markers. 

2. There is a reduction in genetic diversity in Cedar River sockeye salmon 
over time. 

Threshold 

The possible loss in genetic diversity will be assessed using three indicators: 1) the 
average number of alleles per locus (or the total number of alleles across a standard 
set of loci), 2) the level of heterozygosity in the population, and 3) the effective 
population size (Ne), measured on an absolute basis or relative to the total population 
(i.e., ratio of Ne/N). Significant changes at any of these three indicators would result in 
initiation of the process described in Section 4.8 to ascertain what might be causing 
the changes and what steps might be taken to reverse them. 

The undesirable outcome would be a reduction in genetic diversity or a dramatic 
change in genetic composition caused by hatchery practices. Some change, however, is 
not necessarily undesirable as evolution is a natural process as the population 
fluctuates randomly and in response to environmental changes. Table 2-13 lists the 
potential causes of genetic change in the population and possible methods of 
correction. Note, however, that it is unclear what level of change constitutes a 
problem. Genetic changes might be difficult to adjust because their correlation with 
adaptive traits is unknown. 
 

TABLE 2-13. 
FACTORS THAT COULD CONTRIBUTE TO A CHANGE IN GENETIC COMPOSITION FOR 

CEDAR RIVER SOCKEYE AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Relaxation of selective pressures 
during spawning and incubation. 

This is inherent in hatchery practices and probably cannot 
be corrected. 

Selection of unrepresentative 
salmon for spawning. 

Increase efforts to randomly select broodstock to ensure that 
the tails of the distribution of traits, including timing, size, 
shape are represented. 

Inappropriate breeding scheme. Consider a different breeding scheme, based on models of 
genetic drift. 

2.3 UNCERTAINTY NO. 3—WILL THE HATCHERY ADVERSELY AFFECT 
SOCKEYE POPULATIONS OUTSIDE THE CEDAR RIVER? 

2.3.1 Definition and Importance 

The Cedar River and hatchery are part of the Lake Washington basin that includes 
other populations of sockeye salmon and kokanee, the non-anadromous form of the 
species. Kokanee populations spawn in Bear Creek, Issaquah Creek and other creeks. 
Sockeye also spawn in the Bear and Issaquah Creek systems, as well as other creeks 
and on beaches of Lake Washington. These populations are important components of 
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the basin’s biodiversity and the overall production of sockeye salmon. They probably 
include ancestral lineages of O. nerka in the basin that pre-date the transplants in the 
1930s and 1940s. The sustainability of these putative populations is desirable from 
the standpoints of both production and conservation. There are several mechanisms 
through which the sockeye and kokanee populations in the basin could be affected by 
the hatchery: increased fishing pressure, ecological effects, or genetic effects. 

The most direct mechanism by which the hatchery might affect other sockeye salmon 
populations is by increased fishing pressure, which could reduce other populations 
below replacement levels. This concern is common to all populations in the basin but 
is most acute for the beach-spawning sockeye salmon. They are relatively scarce and 
predominantly spawn in the southeastern section of the lake, so fisheries might be 
expected to exploit them more than populations migrating to the Sammamish River or 
Lake Sammamish. If the hatchery increases the number of Cedar River sockeye 
salmon in excess of the production needs of the hatchery and the river’s escapement 
goal, there will be fisheries to catch the surplus. The more successful the overall 
production of sockeye from the Cedar River and from the hatchery, the more frequent 
or heavy the fisheries in Lake Washington will be. Natural populations are expected to 
be less productive than the hatchery-supplemented population (this is, after all, the 
point of the hatchery) and could be over-fished, causing their decline or extinction. 
This can be averted only if the fisheries are managed, in space or time, to catch 
primarily Cedar River fish. Present fishery management restricts the time, quantity, 
and location of tribal and recreational fisheries. Each year, the Muckleshoot Tribe and 
the WDFW evaluate counts of sockeye salmon at the locks from early June to late 
July. These counts help determine whether a sufficient number of fish have returned 
to the system to support fisheries without compromising the escapement goal. If the 
counts are sufficient, the fishery is typically open in July for a matter of weeks, until 
the surplus fish are caught. Cedar River sockeye are targeted during fishing openings 
and, to avoid catch of northern lake tributary sockeye, fishing activities are restricted 
to the region of the lake south of the Evergreen Point Bridge (Highway 520), under the 
assumption that sockeye migrating to the north end of the lake will predominantly 
occupy the area north of the bridge. However, the beach spawning populations in the 
lake may mix with Cedar River fish, making it difficult to manage separately due to 
mixing and their small population. 

The second mechanism by which the hatchery might affect the other sockeye salmon 
populations is through changes in the lake’s ecosystem. This uncertainty is addressed 
in detail below (Uncertainty No. 5). 

Third, it is possible that the hatchery might affect the genetic composition (hence the 
fitness) of other populations. This might occur if significant numbers of Cedar River 
sockeye strayed and interbred with the other populations. 

2.3.2 Existing Data and Knowledge 

There has been some research conducted on the genetic structure of various Lake 
Washington sockeye and kokanee populations. The extent to which these populations 
are discrete, and which (if any) represent an ancestral lineage has been a subject of 
considerable research (Hendry et al. 1996; Hendry et al. 2000; Spies et al. 2001; 
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Young et al. 2001) with no absolutely certain conclusions. It is not clear whether 
further genetic research will resolve the uncertainties surrounding the population 
structure and ancestry of this species in the basin. 

A study of sockeye straying rates from the Cedar River hatchery population into Bear 
Creek was conducted in 1998, 1999 and 2000 with otolith examination. The level of 
straying into Bear Creek was negligible since no Cedar River hatchery sockeye were 
found. While some level of straying might have been detected if the sample size of the 
study had been increased, the study concluded that hatchery strays, if any, would 
represent significantly less than 0.5 percent of the Bear Creek adults (Fresh et al. 
2001). Straying to other creeks, such as Issaquah Creek, would probably be even less 
frequent, as they are farther from the Cedar River than Bear Creek. Some level of 
straying is a natural process in salmon and is not necessarily reason for concern. This 
issue can be regarded as minor unless hatchery practices are changed markedly from 
those relevant to the study by Fresh et al. (2001). For example, releases of fry in the 
lake rather than the river might elevate straying rates. 

2.3.3 Remaining Unknowns 

A two-year study was initiated in 2003 to learn more about the spatial distribution of 
sockeye salmon in the lake prior to their ascent into spawning streams, the 
distribution of specific populations in the lake prior to spawning, and the relationship 
between date of entry into the lake, population of origin, and spawning date. It also is 
unknown whether the depth distribution of salmon (hence vulnerability to some 
fisheries) is similar for all populations and how it changes over the summer. Results 
from the study are expected to be available in 2006. 

What is the distribution in the lake of adults from different spawning 
populations? 

By knowing where spawners headed for the Cedar River and the northern tributaries 
are located within the lake, as well as the extent of their range over the summer, it 
would be possible to determine the adequacy of the current harvest management 
regulations. In addition, if the spatial and temporal location of Cedar River sockeye 
adults were known, fishing could be further managed to minimize catch of other 
sockeye populations. 

What is the population composition of the sockeye harvest in Lake 
Washington? 

It is unknown whether the fisheries (tribal and recreational) catch similar proportions 
of the different populations of sockeye in Lake Washington, and what the overall 
patterns of catch by population are. While the aim is to catch only Cedar River 
sockeye, other populations, such as beach spawners, are probably caught as well. If 
we understood the patterns of catch, it would be possible to estimate whether harvest 
of non-Cedar River sockeye occurs at levels that jeopardize their sustainability. If 
harvest of other sockeye is a problem, it will be important to identify locations and 
ranges within the lake for these populations and manage fishing accordingly. 



…2. KEY UNCERTAINTIES 

Adaptive Management Plan  2-27 July 2005 

What is the relationship between the date of entry into the lake and spawning 
location? 

By knowing the relationship between entry into the lake, timing of spawning, and 
spawning location, certain time blocks could be set aside as fishing/no-fishing times 
to maximize harvest of Cedar River fish, minimize catch of other sockeye populations, 
and protect against compression of the phenotypes and distribution patterns of 
salmon. 

2.3.4 Hypotheses 

The following null hypotheses will guide initial monitoring and research for this 
uncertainty. 

• Sockeye harvest in Lake Washington does not capture sockeye from 
populations outside the Cedar River at levels greater than their 
productive capacity. 

• There is no significant straying by Cedar River hatchery sockeye into 
other populations. 

2.3.5 Monitoring and Research Plan 

Harvest 

The spatial and temporal distributions of different populations of sockeye in Lake 
Washington are being examined through a combination of telemetry and conventional 
tagging. Representative samples of adults entering the system through the locks were 
tagged and a fraction of them fitted with ultrasonic transmitters and their movements 
followed in the lake. The combination of tagging techniques should indicate the extent 
to which sockeye move throughout the lake and the relationship between migration 
timing into the lake and spawning timing and location. Sockeye salmon could also be 
caught from discrete areas in the lake (e.g., with a purse seine) and tagged, but this is 
not included in the present study. Recovery of tagged salmon at the Cedar River trap 
and other spawning areas would indicate the spatial distribution patterns of the 
salmon. 

In addition to these directed research projects, the number of non-Cedar River fish 
caught would need to be compared to escapements to determine if harvest occurs at 
unsustainable levels. The combination of these methods would provide strong evidence 
of the extent to which area closures or timing restrictions are likely to protect non-
Cedar River populations. It should be noted that the known beach spawning 
populations in the lake are quite small (often only 100’s of individuals) and that they 
spawn within the current fishing area. While the pre-spawning timing and distribution 
of lake spawning sockeye is unknown, there is concern that these small populations 
could be subjected to harvest rates that are too high through incidental capture 
during fisheries targeting Cedar River sockeye. These spawning grounds should be 
surveyed systematically each year. 

The tagging studies should occur for up to four years, starting as soon as possible. 
Further study years should occur in conjunction with changes in harvest regulations. 
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Specifically, in years that regulations are modified, fish harvest should be examined 
for their population of origin to determine the effectiveness of the new regulations at 
protecting non-Cedar River fish. 

Straying 

The results of studies conducted to date indicated that it is unlikely that significant 
numbers of Cedar River sockeye will stray into other parts of the Lake Washington 
basin, so this is a much lower priority than studies related to adult arrival, in-lake 
movements and escapement counts. However, periodic sampling of sockeye otoliths 
should occur to look for evidence of hatchery-produced fish in all the sockeye salmon 
spawning grounds in the basin in association with general spawning ground surveys. 
The study years will depend upon the realized production increases and will be 
decided by the program management participants. 

Budget 

A total of $946,400 was allocated to adult survival, distribution, and homing studies 
for the life of the HCP. Of that $47,320 was allocated for each year in years 1-8 and 
$35,490 in years 9-10. Table 2-14 presents the budget allocations for studies of 
harvest and straying.  
 

TABLE 2-14. 
BUDGET ALLOCATION FOR HYPOTHESES RELATED TO EFFECTS TO OTHER LAKE 

WASHINGTON BASIN SOCKEYE POPULATIONS FOR THE FIRST 8 YEARS 

  HCP Allocation AMP  

Hypothesis 
HCP Budget 

Category Years 
Amounta 
(per year) Yearsb 

Estimated 
Cost (per 

year) Comments 

Harvest of 
non-Cedar 
River sockeye 

Adult survival, 
distribution, and 
homing studies 

1-15 
21-50 

$47,320 1-4 $100,000 Tracking, tagging, 
and harvest 
studies 

Straying of 
Cedar River 
sockeye 

Adult survival, 
distribution, and 
homing studies 

1-15 
21-50 

$47,320 6, 8, 
10 

$15,000  

a. Total amount allocated to all activities within that budget category, first 8 years. 
b. Study years within the first ten years of the hatchery only. Further studies will be decided 

through analysis of study results. 

2.3.6 Adaptive Management Actions 

Harvest 

Potential Study Outcomes 

Potential outcomes of this hypothesis study include: 
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1. Observed or projected harvest levels of non-Cedar River sockeye 
populations during Lake Washington fisheries are sustainable. 

2. There is observed or projected harvest of non-Cedar River sockeye 
populations in Lake Washington fisheries that is not sustainable. 

Threshold 

If escapement levels of sockeye to Bear Creek have a statistically greater tendency to 
drop below the historic minimum escapement range in years of harvest compared to 
years of no harvest, then the process described in Section 4.8 will be followed to 
determine cause and responsive action. 

With this study, the undesirable outcome would be significant (unsustainable) harvest 
of sockeye populations other than the Cedar River, or fisheries that capture a very 
discrete fraction of the Cedar River population. Table 2-15 lists the potential causes of 
non-Cedar River sockeye harvest population and possible methods of correction. 
 

TABLE 2-15. 
FACTORS THAT COULD CONTRIBUTE TO HARVEST OF NON-CEDAR RIVER SOCKEYE AND 

POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Ineffective fishing regulations due to spatial 
location of sockeye populations in the lake. 

Study the spatial locations of different sockeye 
populations throughout their time in the lake. 

Ineffective fishing regulations due to timing 
of different sockeye populations passing 
through the lake. 

Study the timing and location relationships 
between different sockeye runs in the basin. 
Modify harvest regulations accordingly. 

Intermixing of sockeye from different 
populations while in the lake. 

Recommend harvest regulation changes to co-
managers to reduce harvest rates or shift fishing 
to a time when populations are more separated. 

Straying 

Potential Study Outcomes 

Potential outcomes of this study include: 

1. There is no significant straying of Cedar River sockeye into other basin 
spawning areas. 

2. There is significant straying of Cedar River sockeye into other basin 
spawning areas. 

Threshold 

During the first 10 years, a sample of 100 otoliths should be obtained from the Bear 
Creek populations biannually and examined for patterns indicating hatchery origin. If 
5 or more hatchery fish are detected in the sample more than twice in the 10-year 
period, or if 7 or more hatchery fish are detected in any year, the process described in 
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Section 4.8 will be followed to discuss the possible causes of the elevated straying and 
plan steps to reduce it. 

With this study, the undesirable outcome would be significant straying of Cedar River 
fish. Table 2-16 lists the potential causes of straying and possible methods of 
correction. It is not clear exactly what level of straying of hatchery fish into these 
populations would constitute a problem. Levels on the order of 1 to 2 percent of the 
recipient population seem to occur in natural populations (Quinn 1993). NOAA 
Fisheries stated that two or three successful migrants per generation may be an 
acceptable target or limit on the straying of Cedar River hatchery fish into Bear Creek 
(Memo Waples to Robinson, July 24,1998). Other NOAA Fisheries work has viewed 
straying rates of up to 5 percent of the receiving population as a limit (NOAA Fisheries, 
1995). 
 

TABLE 2-16. 
FACTORS THAT COULD CONTRIBUTE TO STRAYING OF CEDAR RIVER SOCKEYE AND 

POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Low release site in the river (insufficient 
experience for imprinting) 

Release hatchery fry further upstream from 
current locations. 

Increased relative production of Cedar River 
fry. 

Decrease production levels. Make 
recommendations to co-managers that will 
cause harvest of excess adults returning to 
Cedar River. 

2.4 UNCERTAINTY NO. 4—WILL THE HATCHERY PRODUCE ADVERSE 
CHANGES IN CHINOOK SALMON POPULATIONS? 

2.4.1 Definition and Importance 

The sockeye salmon hatchery is designed to be benign with respect to other salmonids 
in the Cedar River. Chinook salmon, one of the other salmonid species in the basin, 
are part of the Puget Sound Chinook Evolutionarily Significant Unit that is listed as 
threatened under the Endangered Species Act (ESA). Chinook and sockeye salmon 
characteristically use different spawning habitats but sympatry, as observed in the 
Cedar River, is not unprecedented. It is essential that the hatchery not adversely affect 
the chinook salmon population. 

There are several possible modes of interaction between the sockeye hatchery and the 
chinook salmon population. First, the broodstock collection facility might deter or 
delay upstream migration (hence distribution, habitat use, and reproductive success) 
of chinook salmon. Second, large numbers of sockeye salmon returning to the river 
might disturb the redds of chinook salmon. It is important to note that increased 
sockeye numbers are not simply a hatchery-related effect but instead are an effect of 
the mitigation levels identified in the LMA, which is intended to increase the number of 
sockeye in the river. Lastly, there might be complex ecological interactions involving 
other species, such as an increase in sockeye salmon fry buffering chinook salmon 
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against predation or sockeye fry serving as a chinook prey item. This last interaction is 
addressed in Uncertainty No. 5. 

2.4.2 Existing Data and Knowledge 

Researchers from the City, WDFW, and King County have been conducting studies on 
chinook spawners in the Cedar River since 1999. Figure 2-2 illustrates the distribution 
of chinook redds in 1999 and 2003 by river mile (RM). Most chinook salmon spawned 
above the present location of the broodstock collection weir (RM 6.5) in 1999, 2000 
and 2001 (Burton et al. 2001). Twenty nine per cent of the river lies below the location 
of the broodstock collection weir.  

 



Adaptive Management Plan; Cedar River Sockeye Hatchery… 

Adaptive Management Plan  2-32 July 2005 

 
Figure 2-2. Chinook Redd Distribution by River Mile, Cedar River 1999 and 2003 (from Burton et al. 
2004). 

In 2003, 19 redds (6 percent of the 301 total redds) were noted downstream of the 
broodstock collection weir. In 2002, 20 redds (7 percent of the 281 total redds) were 
observed below RM 6.5. In 2001, 36 redds (9 percent of the 398 total redds) were 
found below the broodstock weir. In 2000, only two redds (4 percent of the 53 total 
redds) were identified below RM 6.5, while in 1999, 35 redds (19 percent) of the 180 
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total redds were observed below the weir. (Burton et al. 2004). This suggests that 
present collection facilities and their operations do not greatly disrupt upstream 
distribution. 

Studies have also been undertaken on the spawning times of sockeye and chinook. 
The spawning periods of sockeye and chinook salmon overlap broadly, though the 
sockeye tend to spawn later and over a longer period at present (Figure 2-3; Cascade 
Environmental Services 1995; Burton et al. 2001). Thus later redd excavation by 
sockeye might disturb chinook redds. 
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Figure 2-3. Average Historical Spawning Curves for Chinook and Sockeye Salmon in the Cedar River 
(Cascade Environmental Services 1995) 

In 1999, the City, WDFW, and King County made observations about sockeye 
superimposition on chinook redds. Of the 180 chinook redds observed in 1999, five 
were observed to experience sockeye spawning activity within close proximity and one 
chinook redd experienced sockeye redd superimposition. Based on these observations, 
weekly observations were made in 2000 for 52 out of 53 chinook redds to determine 
the proximity and extent of sockeye spawning near (within 20 feet) incubating chinook. 
Twenty-two (42 percent) of the observed redds in 2000 had no sockeye spawning 
activity within 20 feet of their redd mounds. Twenty-four chinook redds (46 percent) 
had at least one sockeye redd within 20 feet of their mounds. Sockeye spawned 
directly on the mounds of six chinook redds (11 percent of the observed chinook 
mounds; Burton et al. 2001). 

The extent of chinook redd damage from sockeye spawning activities is unclear. Egg 
burial depth is positively correlated with body size (Steen and Quinn 1999), so the 
embryos of larger chinook salmon might not be greatly disturbed by the digging of 
smaller sockeye salmon. To assess this possibility, the likely egg burial depth of Cedar 
River sockeye and chinook salmon were estimated from body size data. The chinook 
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female fork length average was estimated at 772 mm, based on unpublished data 
provided by Larry Lowe, WDFW. These data, collected as post-orbit to hypural lengths, 
were adjusted to fork length using the regression relationship reported by Roni (1992). 
Using the length-egg burial relationship reported by Steen and Quinn (1999), an 
average egg burial depth of 22.8 cm for the chinook salmon was estimated. A fork 
length of 565.5 mm for sockeye salmon was used based on an average of 460 mm mid-
eye to hypural length, estimated from data provided by Karl Burton (City of Seattle), 
Kurt Fresh (WDFW) and Andrew Hendry (University of Massachusetts). The sockeye 
average egg burial depth was estimated to be 16.7 cm. This is a difference of 6.1 cm in 
burial depth. However, these estimates are subject to considerable error, as indicated 
in the reports by Steen and Quinn (1999) and DeVries (1997). It is unclear if a 
difference of 6 cm is sufficient to protect chinook eggs from damage by sockeye 
digging. 

Cedar River chinook fry are thought to exhibit an ocean-type life history, which 
typically includes a protracted downstream migration. Fry trapping conducted at the 
mouth of the Cedar River for sockeye also includes chinook fry and smolt sampling. 
Trapping is continued through July to adequately trap chinook and understand their 
timing. 

2.4.3 Remaining Unknowns 

Will the new broodstock collection facility affect the spawning distribution and 
reproductive success of chinook salmon? 

Since the listing of chinook under the ESA, measures have been taken to avoid 
delaying their migration at the current weir location. One of the measures includes 
opening several sections of the weir for fish passage when a chinook is seen holding 
downstream of the weir. After a chinook is seen holding downstream of the weir for 24 
hours, the weir is opened until the chinook passes the weir, or for a period of 12 hours 
(WDFW 2001). Due to the desire to minimize delay of chinook and to the high number 
of chinook in the river in 2001, practices often exceeded these protocols. During the 
2001 broodstock collection period, the weir was usually opened when chinook were 
seen in the vicinity of the weir and during some periods the weir was open all night 
(Brodie Antipa, WDFW, pers. comm.). Data from 1999 and 2000 also suggest that the 
weir has not significantly delayed chinook migration, based upon their redd location 
distribution. 

However, the replacement hatchery will have a new broodstock collection facility lower 
on the river. The new facility might affect chinook migration timing and spawning 
distribution. It is unclear how to determine whether chinook salmon are being 
delayed, unless they are seen holding below the weir. Perhaps the more important 
question is whether their spatial distribution is similar to that observed recently 
(which would assume there is currently no blockage at the weir). The most serious 
evidence of a problem would be the observation of pre-spawning mortalities of chinook 
salmon below the weir or much higher densities below the weir than farther upriver. 
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What is the effect of sockeye redd superimposition on chinook redds? 

Based upon the above estimates of chinook and sockeye redd excavation depths, it is 
unclear if sockeye redd superimposition has significant effects on chinook eggs. The 
tendency of female salmon to use redd sites excavated by other females, including 
those of other species (Essington et al. 1998) is known but poorly understood. The 
critical question is, if smaller salmon (e.g., sockeye) use redd sites containing eggs 
buried by larger salmon (e.g., chinook), will the eggs of the larger salmon be disturbed 
or destroyed? The limited literature on inter-specific and intra-specific density 
dependence in spawning grounds suggests that this is not a simple matter. In the 
Weaver Creek Spawning Channel, the reproductive success of pink salmon was not 
affected by densities of sockeye or chum salmon, even though the latter two species 
were both larger and spawned later than the pink salmon (Essington et al. 2000). 
Finally, it should be noted that the hatchery is not projected to increase densities of 
sockeye salmon spawning in the river beyond those set by the present escapement 
goal. 

2.4.4 Hypotheses 

The following hypotheses will guide initial research studies related to this uncertainty: 

• Operation of the broodstock collection facility does not significantly 
delay chinook migration or alter spawning distributions. 

• There is no significant damage to incubating chinook eggs from sockeye 
superimposition on chinook redds or reduced chinook reproductive 
success. 

2.4.5 Monitoring and Research Plan 

Chinook Migration and Spawning Distribution 

The new broodstock collection facility will need to be monitored to ensure that it does 
not affect chinook passage. Studies on the spatial distribution of chinook spawning 
should occur during the first several years of the new facility’s operation, and the 
patterns should be compared to those observed during the past few years. The 
distribution studies could be similar to current methods, which consist of regular 
floats of the Cedar River to locate and record chinook redds during the spawning 
season. In addition, records should be kept at the broodstock collection facility of 
chinook seen holding downstream and their time of passage, as well as a count of the 
number of chinook salmon migrating past the collection facility. These records will 
help evaluate chinook passage times and validate counts in the river. While the count 
data is not strictly related to the sockeye salmon hatchery, it will be important for 
determining possible effects of the increase in sockeye numbers on chinook salmon. 
Chinook and sockeye spawning surveys, along with collection facility observations, 
should occur annually in years 1-8. 

Chinook Redd Superimposition and Reproductive Success 

It is neither practical nor acceptable to excavate chinook salmon redds in the Cedar 
River to determine if there was actual disruption by sockeye salmon digging. 
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Nevertheless, the issue of redd disturbance should be investigated. Initial studies 
could examine the relationship between the number of chinook fry per female and 
sockeye densities. Existing data from chinook and sockeye spawning surveys and fry 
trapping should allow for such a study. Future annual counts of chinook salmon or 
their redds and fry counts will also be important as hatchery production and sockeye 
escapement increase. 

Observations of sockeye-chinook interactions on the spawning grounds should also be 
continued. Through annual records of sockeye superimposition on chinook redds, 
relationships between sockeye abundance and chinook redd superimposition rates can 
be followed as hatchery production and sockeye escapement increases. 

Studies should occur annually in years 1-8 (in conjunction with fry trapping studies 
discussed under Uncertainty No. 1). Beyond year 8, studies should occur at various 
levels of sockeye escapement and hatchery production. 

Budget 

The Monitoring and Research Program did not allocate funds for chinook salmon 
studies. Current funding for the recommended activities is supplied by WDFW, the 
City, and King County. Table 2-17 provides a breakdown of the budget amounts for 
chinook studies on the Cedar River. 
 

TABLE 2-17. 
BUDGET ALLOCATION FOR HYPOTHESES RELATED TO EFFECTS OF THE BROODSTOCK 

COLLECTION FACILITY AND INCREASED NUMBERS OF SOCKEYE ON CHINOOK REDDS IN 
THE CEDAR RIVER FOR THE FIRST 8 YEARS 

  HCP Allocation AMP  

Hypothesis 
HCP Budget 

Category Years 
Amounta 
(per year) Yearsb 

Est. Cost  
(per year) Comments 

Chinook 
Migration and 
Spawning 
Distribution 

None — — 1-8 $35,000c Chinook observations at the 
broodstock collection facility 
should be integrated into 
collection protocols. 

Chinook Redd 
Superimpositio
n and 
Reproductive 
Success 

None — — 1-8 $40,000d Chinook trapping is 
conducted with sockeye fry 
trapping. Adult chinook 
estimates and observations 
would be funded through the 
float surveys (above row). 

a. Total amount allocated to all activities within that budget category, first 8 years. 
b. Study years within the first ten years of the hatchery only. Further studies will be decided through 

analysis of study results. 
c. Estimate is for float surveys only. Funding was $25,000 in 2001, provided by the Instream Flow 

Committee under the HCP. In 2002, $27,500 will be provided by a King County Conservation District 
grant, with the remainder supplied by the City. 

d. This is current amount allocated for sockeye fry trapping under the HCP. The total cost is approximately 
$80,000, which includes trapping for all species and WDFW overhead. The remaining $40,000 of the cost 
is provided by WDFW and King County.  
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2.4.6 Adaptive Management Actions 

Chinook Migration and Spawning Distribution 

Potential Study Outcomes 

Potential outcomes of this study include: 

1. There is no significant delay of migrating chinook at the broodstock 
collection facility or alteration of spawning distribution. 

2. There is a significant delay of migrating chinook at the broodstock 
collection facility or alteration of spawning distribution. 

Threshold 

Observations by observers at the broodstock collection facility indicating that more 
than 5 percent of the chinook that return in a given year are delayed by one day or 
more will be taken as evidence of delay, and will result in initiating the process 
described in Section 4.8 to determine the cause and recommend remedial actions. 
Changes in the spatial distribution of chinook spawning will be inferred from 
frequency distributions by river mile. There is considerable year-to-year variation (e.g., 
Figure 2-2). Some changes in distribution might not be consequences of hatchery 
operations, and some might not be deleterious. However, an increase in chinook 
salmon spawning below the weir relative to the number spawning above would be 
cause for concern. A statistically significant increase in the proportion of chinook 
spawning below the weir will result in initiating the process described in Section 4.8 to 
determine the cause and recommend remedial actions. 

The undesirable outcome would be a significant delay of chinook at the collection 
facility, as well as an overall change in the distribution of chinook redds in the river. 
Table 2-18 lists the potential causes of chinook delay and possible methods of 
correction. 
 

TABLE 2-18. 
 FACTORS THAT COULD CONTRIBUTE TO DELAY OF MIGRATING CHINOOK AND A CHANGE 

IN SPAWNING DISTRIBUTION AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Infrequent collection facility 
openings. 

Modify weir operational protocols to promote rapid passage of 
chinook. 

Trap shyness on the part of 
the chinook. 

Modify the facility to minimize the effect on chinook. 

Chinook Redd Superimposition and Reproductive Success 

Potential outcomes of this study include: 
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1. There is no significant damage to incubating chinook eggs from sockeye 
superimposition on chinook redds and no change in chinook 
reproductive success. 

2. There is significant damage to incubating chinook eggs from sockeye 
superimposition on chinook redds and a decline in chinook 
reproductive success. 

Threshold  

The production of chinook salmon fry and fingerlings from the river is likely to be a 
function of the number of spawners in the parental generation and the peak flow in 
the river during the incubation period. A decrease in fry production, after accounting 
for these variables, or an inverse correlation between fry production and sockeye 
salmon density in the river will result in initiating the process described in Section 4.8 
to determine the cause and recommend remedial actions. 

The undesirable outcome would be significant damage to chinook eggs from sockeye 
redd superimposition. Table 2-19 lists the potential causes of chinook redd 
superimposition and decreased chinook reproductive success. 
 

TABLE 2-19. 
FACTORS THAT COULD CONTRIBUTE TO SOCKEYE REDD SUPERIMPOSITION ON CHINOOK 
REDDS AND DECLINING CHINOOK REPRODUCTIVE SUCCESS AND POSSIBLE METHODS OF 

CORRECTION 

Factor Method of Correction 

Increase in the number 
of sockeye spawners or 
preponderance of late 
spawning by sockeye.  

Alter release locations of hatchery fry or adjust fisheries to keep the 
escapement close to the goal. The sockeye escapement goal might 
have to be reduced. 

2.5 UNCERTAINTY NO. 5—WILL INCREASED HATCHERY PRODUCTION 
ALTER AQUATIC COMMUNITY STRUCTURE WITHIN THE LAKE 
WASHINGTON SYSTEM? 

2.5.1 Definition and Importance 

Lake Washington serves as the nursery lake for Cedar River sockeye. The lake is a 
critical transition habitat between the incubation grounds in the Cedar River and 
other tributaries, and ocean feeding grounds. Hatchery production is expected to 
increase the number of juvenile sockeye salmon in the lake and this may affect the 
lake aquatic community. These effects might have ramifications for the hatchery 
population, other sockeye salmon populations in the basin, and other organisms in 
the community. These kinds of effects are difficult to predict because of the complex 
interactions among trophic levels, uncertainty about the factors controlling the 
abundance of various components of the community, and uncertainty about the future 
trends in physical factors that might affect the ecosystem. The most obvious ecological 
interactions involve density, competition and predation. 
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As stated previously, it is important to acknowledge that an increase in the number of 
sockeye in the Cedar River and Lake Washington is the intent of the LMA and more 
generally by the management goals of the co-managers, regardless of whether it is 
achieved with a hatchery, a spawning channel, or from increased habitat above 
Landsburg Dam. Therefore, the potential effects on the Lake Washington ecosystem 
cannot be simply attributable to hatchery operations, and must be considered in 
relation to the LMA. 

2.5.2 Existing Data and Knowledge 

Most of the existing data and knowledge about the Lake Washington ecosystem and its 
relationship to sockeye are referred to in the background portion of this collection of 
documents. The following is a brief synopsis of the major important interactions. 

• The zooplankton Daphnia is the preferred prey item of sockeye in Lake 
Washington for most of the year. 

• Daphnia abundance and size, as well as their relationship to thermal 
regimes and other zooplankton in Lake Washington, has been studied 
largely by the University of Washington’s Department of Zoology. The 
abundance of Daphnia varies seasonally, being scarce in the winter 
until about April and then being abundant through the fall. 

• Daphnia are also preyed upon by other fish species, notably longfin 
smelt and threespine sticklebacks, and one invertebrate predator, 
Neomysis mercedis. 

• Smelt prey upon Daphnia and thereby compete with sockeye for that 
resource. However, smelt also prey upon Neomysis and reductions in 
Neomysis density appear to release Daphnia from strong predation 
pressures, allowing more food for sockeye. Smelt also seem to buffer 
predation on sockeye by cutthroat trout (Nowak et al. 2004) and 
perhaps other piscivorous fish in the years that smelt are abundant. 

• Sockeye are preyed upon by many species of predatory fishes, including 
prickly sculpins, northern pikeminnow (formerly known as northern 
squawfish), and cutthroat trout. Of these, the trout may be the most 
important at present and their population seems to have increased over 
the past decades. 

2.5.3 Remaining Unknowns 

What is the carrying capacity of Lake Washington for sockeye fry? 

Food resources are important because all ecosystems have finite carrying capacities 
and overabundance of sockeye salmon could reduce the abundance or size 
distribution of their food resources (chiefly cladocerans and copepods), leading to 
reduced growth and survival in the lake or at sea. The growth rate of sockeye salmon 
in the lake is a function of temperature, food quantity and quality, and fish size. In 
many lakes, the growth of sockeye salmon is density-dependent (see Burgner’s 1987 
and 1991 reviews). Evidence for the consequences of exceeding the carrying capacity of 
a lake was provided by the experiments on Leisure Lake, Alaska (Koenings and 
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Burkett 1987). Increasing densities of sockeye salmon fry resulted in progressively 
smaller smolts, a higher proportion of the smolts leaving the lake after two rather than 
one year of lake residence, and a smaller total smolt biomass. Thus concern about 
exceeding the carrying capacity of a sockeye salmon rearing lake has basis in 
experience. However, some attributes of Lake Washington make it different from other 
sockeye salmon lakes. 

The density of sockeye salmon spawning in the Lake Washington basin (expressed as 
the number of adult salmon per square kilometer of lake area) has not been especially 
high (Burgner 1991), and the total of the current escapement goal plus the 262,000 
adult mitigation level would leave it well within the range for the species (Figure 2-4). 
In addition, the sockeye salmon smolts from Lake Washington are at the upper end of 
the range of sizes seen in natural populations in North America (Figure 2-5; Burgner 
1991). This growth may result from both the comparatively mild thermal regime and 
high density of large prey, notably Daphnia. 

The central question is, “What density of sockeye salmon would depress food 
resources, leading to reduced growth and subsequent survival of sockeye or other 
ecologically important species in the lake?” Research in other lakes has indicated that 
larger smolts are more likely to survive at sea than smaller smolts (Henderson and 
Cass 1991; Koenings et al. 1993). However, within a given lake, relatively little of the 
year-to-year variation in marine survival is explained by smolt size. Rather, the larger 
smolts within a year class enjoy a higher probability of survival than smaller smolts, 
and lakes with smaller smolts tend to have lower survival rates than lakes with larger 
smolts. Therefore, while smolt sizes between lakes seem to affect marine survival, it 
appears that year-to-year variation within a lake system does not greatly affect smolt 
survival. Indeed, there is even evidence that marine survival may be lower for very 
large smolts than for those of intermediate sizes (Koenings and Burkett 1987). 
Nevertheless, decreases in smolt size should trigger concern, especially if accompanied 
by decreases in survival rates or shifts in age composition. 

What is the effect of increased numbers of sockeye on piscivore populations? 

In examining predator responses to increased sockeye populations, there might be 
short-term (i.e., behavioral) responses and long-term (numerical) responses. In the 
short term, increased abundance of sockeye salmon fry might be expected to decrease 
per capita predation if the number of predators and the number of prey eaten per 
predator were fixed. However, if the predators congregated at the mouth of the Cedar 
River to a greater extent than they do at present or in some other way modified their 
behavior to “specialize” on sockeye salmon then predation per individual sockeye 
might not decline. In the longer term, if the abundance of sockeye salmon as prey 
increased the growth rate or abundance of predators then the increase in fry 
abundance might be compensated by increased predation. The likelihood of this 
possibility will depend on the factors controlling abundance of predators but should be 
considered, at least conceptually. 
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Figure 2-4: Frequency of Lake Spawning Densities for Lakes in the Pacific Northwest, British Columbia, 
Alaska, and Russia (From Burgner 1991). 
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Figure 2-5: Frequency of Average Sockeye Smolt Sizes for Nursery Lakes in the Pacific Northwest, 
British Columbia, Alaska, and Russia (from Burgner 1991, and unpublished data from K. Hyatt, DFO, 
Nanaimo, B.C., and Cary Feldmann, Puget Sound Energy, personal communication). 

How does the abundance of sockeye affect other planktivorous fish? 

An increase in sockeye numbers in Lake Washington might also affect competitor 
species, specifically smelt. The effects that smelt and sockeye have on each other are 
complicated and cannot be well predicted. An increase in the number of sockeye, and 
their depletion of prey, could cause a decline in the smelt population. In addition, 
smelt populations could further be reduced through sockeye-induced predation 
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increases. These reduced smelt populations could subsequently affect sockeye through 
prey reduction (since the Neomysis population would presumably not be controlled 
and would consume more Daphnia) and decreased prey buffering. The situation is 
further complicated by the tendency of smelt to have a strong year class followed by a 
weak one. This makes it more difficult to detect ecological effects and relationships in 
the lake. In summary, the effects of sockeye upon smelt, and the ramifications for the 
sockeye population, are unknown and could limit the extent to which increased 
sockeye production is effective at increasing adult returns. Interactions with the lake’s 
sticklebacks are even less well understood. 

2.5.4 Hypotheses 
• There is no relationship between sockeye abundance, growth and pre-

smolt size in Lake Washington. 
• There is no relationship between sockeye abundance and the 

abundance of predatory fish in Lake Washington. 

• There is no relationship between sockeye abundance and the 
abundance of other planktivorous fish species. 

2.5.5 Monitoring and Research Plan 

Sockeye Growth 

Growth of sockeye in the lake should be examined at various levels of sockeye density. 
By comparing fry abundance estimates and pre-smolt abundance and size estimates, a 
relationship between density and growth should be determined. The general 
description of these methods is discussed under Uncertainty No. 1. 

It will be important to include assessment of zooplankton abundance and composition, 
as well as lake thermal regimes, to be able to account for any variability due to these 
factors. Abundance of other planktivorous species should also be incorporated since 
they will influence prey abundance and availability. 

Sockeye density and growth data collection should be conducted annually in the first 
10 years to track this relationship as hatchery production increases and to account for 
annual variation. Further study years will be determined through initial study results 
and direction of program management groups. In general, sampling of pre-smolts and 
other limnetic fishes is considered part of the baseline assessment needed for the lake. 

Predation 

It would be very difficult to establish reliable population estimates for fish predators in 
Lake Washington. Indirectly, predator abundance can be indexed by monitoring the 
survival of fry to pre-smolt over time. Whether predation will be studied in greater 
depth, depends on the level of uncertainty associated with predation and that will be 
determined through the process of establishing monitoring priorities. It is also possible 
that other entities may see the need for additional information about predator 
abundance and that this adaptive management program will collaborate with others. 
Establishing estimates of the major predators in the lake could allow calibration 
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between predator abundance and catches using cheaper, standardized sampling gear 
(e.g., gill nets for cutthroat trout, northern pikeminnow, and yellow perch; or 
electrofishing for bass, etc.). This would enable managers to relate catch rates from 
lower level monitoring efforts back to abundance. If predator studies are done, 
cutthroat trout, prickly sculpin, northern pike minnow are a few of the species that 
should be targeted for abundance estimates. A combination of trawl and hydroacoustic 
methods could be used. Further data that could be useful are seasonal distributions of 
these fish and overlap in space and time with sockeye, smelt and stickleback. 

Planktivore Abundance 

The abundance of other planktivorous fishes such as smelt and stickleback should be 
evaluated to determine how they might be affected by increased sockeye numbers. In 
addition, information about their abundance could assist in understanding how all 
lake planktivores cumulatively affect prey species in the lake. It would be possible to 
look at the relationship between the density of planktivores and the density of their 
prey, or the density of prey and growth of planktivores. Again, a combination of trawl 
and hydroacoustic methods should be used as part of the pre-smolt survey and in the 
fall as well. 

To compare data between these three hypotheses, this study should also be conducted 
annually in years 1-10 to track changes in the planktivore population as hatchery 
production increases. 

Budget 

Funding to address issues related to uncertainties in the lake’s carrying capacity and 
community is designated for year-round studies of the lake’s plankton in years 1-4 at 
$47,320 in 2001 dollars, and springtime sampling of plankton at $8,281 annually for 
years 5-10, and $16,562 in total for years 11-15. It is recommended that these budget 
allocations assist with pre-smolt estimates for sockeye abundance and size data, as 
well as support some predator and planktivore studies. The planktivore studies could 
be combined with pre-smolt surveys. Table 2-20 provides a breakdown of budget 
amounts. 

2.5.6 Adaptive Management Actions 

Sockeye Growth 

Potential Study Outcomes 

Potential results of these studies include: 

1. There is no relationship between sockeye abundance, growth and pre-
smolt size in Lake Washington. 

2. Increased sockeye abundance is associated with decreased growth and 
pre-smolt size in Lake Washington. 
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TABLE 2-20. 
BUDGET ALLOCATION FOR HYPOTHESES RELATED TO LAKE WASHINGTON ECOSYSTEM 

EFFECTS FROM INCREASED SOCKEYE NUMBERS FOR THE FIRST 10 YEARS 
 

  HCP Allocation AMP  

Hypothesis 

HCP 
Budget 

Category Years 

Amount
a  

(per 
year) Yearsb 

Est. Cost 
(per year) Comments 

Sockeye 
Growth 

Plankton 
Studies 

1-4  
5-10 

$47,320 
$8,281 

1-10 $45,000 Includes zooplankton, and 
temperature studies. Pre-
smolt estimates are 
conducted by WDFW. 
Should they be 
discontinued, funding 
should be allocated to that 
as a priority (see costs in 
Table 2-3).  

Predation 
rates  

None — — Unknown Unknown, 
depends 
on scope 

Indirect assessment of 
predation through 
calculation of in-lake 
survival of fry to pre-smolt 
done annually 

Planktivore 
Abundance 

None — — 1-10 $19,000 Coincident with pre-smolt 
surveys. 

a. Total amount allocated to all activities within that budget category, first 10 years. 
b. Study years within the first ten years of the hatchery only. Further studies will be decided through 

analysis of study results.  

Threshold 

Every five years, a regression analysis will determine if there has been a significant 
decline in sockeye smolt size over time [α=.05]. If a significant decline is established, 
further analysis will be done to determine if food supply has changed, whether the 
declining trend correlates with lower freshwater or saltwater survival and whether the 
annual variation in size correlates with sockeye fry abundance. Based on these 
analyses and others deemed appropriate by the TWG, the TWG  will determine if the 
development of responses as described in Section 4.8 should be initiated. There is no 
significant relationship between sockeye abundance and pre-smolt size in Lake 
Washington when analyzed every five years. If a significant relationship is found, then 
the process described in Section 4.8 will be followed to determine cause and 
responsive actions. 

The undesirable outcome would be decreased size and growth, correlated with 
increased marine or in-lake mortality for sockeye. Table 2-21 presents possible factors 
contributing to this relationship and possible methods of correction. It is important to 
keep in mind that the food web interactions in Lake Washington are complex and it 
will be difficult or unwise to try any correction methods other than changes in 
hatchery production. 
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Predation Rate 

Potential Study Outcomes 

Findings for this hypothesis could include: 

1. There is no relationship between sockeye abundance and the rate of 
predation in Lake Washington. 

 
TABLE 2-21. 

FACTORS THAT COULD CONTRIBUTE TO DECREASED SOCKEYE GROWTH AND SIZE IN 
LAKE WASHINGTON AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 
The carrying capacity of 
the lake is being 
exceeded. 

Reduce hatchery production to levels that are in balance with the 
lake’s prey base and other planktivores. 

Temperature of the lake is 
increasing metabolic 
costs. 

Temperature in the lake has been getting warmer over the past few 
decades. The mix of global and local causes has not been 
determined, much less the correction method. 

2. There is a relationship between increased sockeye abundance and 
increased predation rates on salmonids in Lake Washington. 

3. There is a relationship between increased sockeye abundance and 
decreased predation rates on salmonids in Lake Washington. 

Threshold 

[The following assumes that chinook PIT tagging at the Cedar River will continue and 
that an index of survival associated with predation can be developed] If a significant 
relationship is established between predation rates (3-year rolling average), as 
indicated by PIT tagging and detection of chinook smolts between the Cedar River and 
the Ballard locks and sockeye abundance (as measured by pre-smolt estimates on the 
year of outmigration), then the process described in Section 4.8 will be followed. 

If fry to pre-smolt survival drops below the historic range for two years out of five, the 
adaptive management review process described in Section 4.8 will be initiated. 

The undesirable outcome would be a correlation between increased numbers of 
sockeye and increased rate of predation on them. Table 2-22 presents possible reasons 
for this predatory increase and possible methods of correction. 
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TABLE 2-22. 
FACTORS THAT COULD CONTRIBUTE TO RATE OF PREDATION IN LAKE WASHINGTON AND 

POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Increase in the number of sockeye fry.  Reduce production in the hatchery; adjust 
release strategy.  

Planktivore Abundance 

Potential Study Outcomes 

The possible outcomes of this hypothesis are: 

1. There is no relationship between sockeye abundance and the 
abundance of other planktivorous fish species. 

2. Increased sockeye abundance is associated with altered abundance of 
other planktivorous fish species. 

Thresholds 

If a significant relationship is established between sockeye abundance and smelt 
abundance when analyzed over a 10 year period and taking into account the biennial 
variation in smelt abundance, then  the process described in Section 4.8 will be 
followed. 

If a significant inverse relationship is established between sockeye abundance and 
smelt size, while taking into account the two-year cycle for smelt abundance, then the 
process described in Section 4.8 will be followed. 

The undesirable outcome would be an increase in sockeye and a decrease in other 
planktivores (i.e., smelt and stickleback). Table 2-23 presents possible factors 
contributing to the reduced number and possible means of correction. It is unclear 
how changes in body size or abundance of such competitors should be viewed in the 
absence of observable effects on sockeye salmon. The smelt population varies greatly 
in abundance between odd-numbered and even-numbered years, and the mean 
lengths vary inversely, indicating competition for food. If the increase in sockeye 
salmon abundance was associated with decreased smelt body size, it would indicate 
changes in the lake ecosystem. If this occurs, the AMP will need to consider whether 
hatchery operations should be modified. However, the longfin smelt population is 
apparently not a native one, or at least their presence was undetected until the mid-
1900s, so changes in their abundance are not necessarily of great concern. 
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TABLE 2-23. 
FACTORS THAT COULD CONTRIBUTE TO DECREASED ABUNDANCE OF LAKE WASHINGTON 

PLANKTIVORES (OTHER THAN SOCKEYE) AND POSSIBLE METHODS OF CORRECTION 

Factor Method of Correction 

Reduced prey 
availability.  

The cause of the prey reduction would need to be determined. Increased 
competition with sockeye for food might be the cause. If so, is the effect 
substantial enough or of great enough concern to alter hatchery production? If 
so, then hatchery production should be decreased until a stable balance can be 
found between the number of sockeye and other lake planktivores. 

Increase in 
predation rate 
. 

The cause of increased predation rates on salmonids would need to be 
determined. If it is a response to increased prey base, mainly through increased 
sockeye numbers, it would need to be determined if the effect was substantial 
enough to warrant modification of hatchery production.  
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SECTION 3. 
ADAPTIVE MANAGEMENT SUMMARY 

 

Table 3-1 presents the five major uncertainties, the proposed initial hypotheses to be 
tested, potential study outcomes for each hypothesis, and potential management 
responses to unfavorable outcomes. Proposed thresholds included in the discussion of 
hypotheses for each uncertainty in Section 2 will undergo further review by the 
Independent Science Advisors and Technical Working Group, and may change during 
the implementation of the AMP.  Determination of threshold exceedence will be 
determined by the TWG and confirmed by the ISA, in cases where professional 
judgement is the primary basis for the decision.  

Some of the ecological outcomes could be affected by multiple causes, including some 
that are independent of the hatchery program. Therefore, it is important to note that 
an assessment of cause will be conducted when a threshold is reached. This process is 
intended to determine, insofar as possible, the underlying cause or causes of the 
change. Using available data and professional judgment, the TWG and the ISA will be 
asked to assess the likelihood that the hatchery program is a significant contributor to 
the measured effect. If the experts believe that this is the case, then the TWG and ISA, 
if needed, would be asked for recommendations for a response. 

They will first determine if one of the predefined responses in Table 3-1 would be an 
effective action. If so, they can recommend it to the AMWG and parties for 
implementation. If not, the TWG can recommend alternatives including no response, 
further study or other actions. In making recommendations, the TWG will consider the 
risk to the resource of exceeding the threshold and become more conservative when 
there is a high risk. Recommendations would be reviewed by the AMWG and the 
parties would make the decision regarding the appropriate response. The process for 
evaluating cause, making recommendations and making decisions will be open to the 
public. 
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TABLE 3-1. 
SUMMARY OF AMP UNCERTAINTIES, HYPOTHESES, POTENTIAL RESEARCH OUTCOMES, 

AND MANAGEMENT ACTIONS 
 

Hypothesis Potential Outcomes Potential Response Actions 
Uncertainty No. 1—Are hatchery and naturally produced fry similar in size, growth, and 
migration timing, and at a stable population composition? 
There is no difference in 
migration timing between 
hatchery and naturally 
produced fry. 

1. No significant 
difference 

2. Significant 
difference* 

• Study egg take timing versus river 
spawning timing and alter broodstock 
collection as necessary. 

• Study egg density and development 
rate relationships and alter incubation 
densities or temperature as necessary. 

Hatchery and naturally 
produced fry are similar in 
size. 

1. No size 
difference 

2. Significant size 
difference* 

• Alter broodstock spawning and 
collection to account for females of 
different sizes. 

• Adjust release strategy for fry. 
• Change incubation conditions. 
• Alter temperature of incubation water. 

At the time of pre-smolt 
surveys, there is no 
significant difference in size of 
hatchery and naturally 
produced fry. 

1. No significant 
difference 

2. Significant size 
difference* 

• Examine and alter, if necessary, the 
fitness level of hatchery fry. 

• Adjust release strategy 
• Adjust timing of hatchery fry to more 

closely resemble the natural fry. 

At the time of pre-smolt 
surveys, the proportions of 
hatchery and natural sockeye 
are similar to those estimated 
upon entering the lake as fry.  

1. No significant 
difference 

2. Significantly 
greater* 

3. Significantly less 

• Evaluate relative trends in key life 
stages, including fry-to-adult survival 
rates, to help determine when in life 
cycle impacts are occurring. 

• See corrective measures under pre-
smolt size and growth and fry size. 

   

Note: Potential response actions only address the undesirable outcomes, which are followed by 
an asterisk in the potential outcomes column. 
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TABLE 3-1 (continued). 
SUMMARY OF AMP UNCERTAINTIES, HYPOTHESES, POTENTIAL RESEARCH OUTCOMES, 

AND MANAGEMENT ACTIONS 

Hypothesis Potential Outcomes Potential Response Actions 

Uncertainty No. 2—Does the hatchery reduce the reproductive success of Cedar River 
Sockeye Salmon? 
The size and age composition 
of the population at maturity 
of Cedar River sockeye will 
not show a trend over time. 

1. No trend 
2. Trend to 

decreasing size 
and increasing 
age* 

3. Trend to 
increasing size 
and decreasing 
age 

• Adjust number of smaller individuals 
spawned. 

• Adjust fry production. 
• Assess smolt size 
• Adjust release strategy 

The relationships between 
body size, fecundity and egg 
size of female sockeye in the 
Cedar River will remain 
within a normal range. 

1. Constant relationship 
2. Reduction in egg size 

and fecundity* 
3. Increase in egg size 

and fecundity 

• Adjust number of smaller females 
spawned. 

• Adjust fry production. 
• Ensure broodstock is 

representative of the run. 

The spatial and temporal 
distribution of spawning will 
remain within a normal 
range over time. 

1. No significant 
difference 

2. Significant difference* 

• Alter broodstock collection timing 
to represent the entire run. 

• Shift broodstock collection 
practices to remove fish from the 
entire run. 

• Assess hatchery practices for 
unforeseen effects. 

There will be no difference 
in reproductive success 
between hatchery and 
naturally produced sockeye 
spawning naturally or a 
trend in overall reproductive 
fitness over time as a result 
of fish culture practices. 

1 Similar rates and no 
trend 

2. No similarity in rates 
and a decreasing 
trend* 

3. No similarity in rates 
and an increasing 
trend 

• Alter spawning methods at the 
hatchery to more closely follow 
natural conditions. 

• Allow a higher proportion of 
natural spawning. 

The genetic composition of 
the Cedar River sockeye 
population will not change 
over time. 

1. No change 
2. Change* 

• Re-examine trapping and 
spawning protocols at the hatchery 
and fishery management. 

   

Note: Potential response actions only address the undesirable outcomes, which are followed by 
an asterisk in the potential outcomes column. 
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TABLE 3-1 (continued). 
SUMMARY OF AMP UNCERTAINTIES, HYPOTHESES, POTENTIAL RESEARCH OUTCOMES, 

AND MANAGEMENT ACTIONS 

Hypothesis Potential Outcomes Potential Response Actions 

Uncertainty No. 3—Will the hatchery adversely affect sockeye populations outside the 
Cedar River? 
Sockeye harvest in Lake 
Washington does not 
capture unacceptable 
numbers of non-Cedar River 
sockeye. 

1. No significant harvest 
2. Significant harvest* 

• Recommend study of timing and 
spatial distribution of various 
populations while in the lake and 
adjust harvest locations. 

• Make recommendations to co-
managers regarding harvest 
management. 

There is no significant 
amount of Cedar River 
hatchery sockeye straying 
into other Lake Washington 
basin creeks. 

1. No significant straying 
2.  Significant straying* 

• Release hatchery fry farther 
upstream to allow more time for 
imprinting. 

• Reduce hatchery fry production. 
• Make recommendations to co-

managers regarding increasing 
escapement to other sites. 

Uncertainty No. 4—Will the hatchery produce adverse changes in chinook salmon 
populations? 
Operation of the broodstock 
collection facility does not 
significantly delay chinook 
migration or alter spawning 
distribution. 

1. No significant delay or 
change in spawning 
distribution 

2. Significant delay and 
change in spawning 
distribution* 

• Modify operational protocols at the 
collection facility 

• Modify facility design. 

There is no significant 
damage to incubating 
chinook eggs from sockeye 
superimposition on chinook 
redds or reduction in 
chinook reproductive 
success. 

1. No significant damage 
or reduced 
reproductive success 

2. Significant damage 
and reduced 
reproductive success* 

•  
• Make recommendations to co-

managers regarding lowering the 
escapement goal for sockeye. 

• Alter fry release strategy (spatial 
distribution). 

   

Note: Potential response actions only address the undesirable outcomes, which are followed by 
an asterisk in the potential outcomes column. 
 



…3. ADAPTIVE MANAGEMENT SUMMARY 

Adaptive Management Plan  3-5 July 2005 

TABLE 3-1 (continued). 
SUMMARY OF AMP UNCERTAINTIES, HYPOTHESES, POTENTIAL RESEARCH OUTCOMES, 

AND MANAGEMENT ACTIONS 

Hypothesis Potential Outcomes Potential Response Actions 

Uncertainty No. 5—Will increased hatchery production alter aquatic community 
structure within the Lake Washington system? 
There is no relationship 
between sockeye 
abundance, growth and 
pre-smolt size in Lake 
Washington. 

1. No relationship 
2. Increased sockeye abundance 

and decreased growth and size* 
3. Increased sockeye abundance 

and increased growth and size 

• Examine temperature 
changes and effects to 
zooplankton. 

• Determine causal 
relationships. 

• Adjust hatchery production 
or release strategy if 
appropriate. 

There is no relationship 
between sockeye 
abundance and the 
predation rates on 
salmonids in Lake 
Washington. 

1. No relationship 
2. Increased sockeye abundance 

and increased predation rate* 
3. Increased sockeye abundance 

and decreased predation rate 

• Determine causal 
relationships. 

• Adjust hatchery production 
if appropriate. 

• Adjust release strategy. 

There is no relationship 
between sockeye 
abundance and the 
abundance of other 
planktivorous fish 
species. 

1. No relationship 
2. Increased sockeye abundance 

and decreased planktivore 
abundance* 

3. Increased sockeye abundance 
and increased planktivore 
abundance 

• Determine causal 
relationships. 

• Adjust hatchery production 
if there is a causal link with 
the hatchery and impacts 
are significant and adverse. 

   

Note: Potential response actions only address the undesirable outcomes, which are followed by 
an asterisk in the potential outcomes column. 
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SECTION 4. 
AMP MANAGEMENT 

 

4.1 STRATEGY FOR SUCCESS 

Section 2 of this document outlines a monitoring and research program considering 
the base of knowledge that exists and the major uncertainties thought to require 
careful future monitoring and evaluation. The technical program is expected to evolve 
each year based on its findings and information from ongoing efforts by the University 
of Washington, the Washington Department of Fish and Wildlife, the Muckleshoot 
Indian Tribe, and other investigators. Maximum benefit will be gained from the 
technical program by the following: 

• Strategic use of monitoring resources so that the most important 
questions are addressed 

• Having a well-managed and timely process to analyze the data and to 
store the results so that they are consistent, retrievable, and accessible 
to the public for scrutiny 

• Establishing criteria for the statistical processes to be used with the 
various findings and thresholds of variation that can trigger 
modifications to hatchery operations 

• Conducting an open, public process where technical recommendations 
are considered by the policy group and decisions made consistent with 
project objectives. 

• Broad stakeholder involvement 

• Involvement by credible and knowledgeable scientists 

• Clear dispute resolution process 

• Defined process for voicing minority opinion 

• Emphasis on peer review in study plans, analysis and publication. 

No matter how good the technical program is, a transparent, predictable and reliable 
process will be essential to convert the data into usable form and then into the 
appropriate operational decisions and actions. 

There are many possible pitfalls at each step of the adaptive management process, 
including appropriate and adequate data collection, timely sample processing, analysis 
of study results, and adjustment of the hatchery program and AMP operations that 
incorporate the results of the study and its implications. The following steps are 
recommended to avoid these potential pitfalls: 

• Sample and data analysis needs to be conducted in a timely manner. 
For example, large numbers of otoliths are currently collected in the 
field from adult and juvenile sockeye salmon. Experience indicates that 
considerable delay may occur between sample processing and the 
availability of the data. In order to make informed management 
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decisions, study results must be made available to managers within an 
acceptable time period. It is expected that project results, along with all 
study data, be made available within one year of data collection 
completion. 

• The diverse data being collected by multiple investigators needs to be 
maintained in a database that is well organized and publicly available. 
Data compilation and management is an essential component of any 
large investigation. Archived data should include not only the primary 
data collected (such as redd counts), but the associated metadata as 
well. Metadata includes such things as the documentation of the study 
design: objectives, measurement methods, sampling design, and 
association of each primary data measurement with a time and place. 
The completeness and adequacy of the metadata are judged relative to 
the uses that might be contemplated for the analysis and interpretation 
of the primary data. Ancillary information that is necessary for re-
analysis and interpretation of data is “necessary” metadata. 

• Effective communication of the scientific findings to decision-makers 
will depend on having a designated scientific coordinator who will work 
with the technical work group to integrate and interpret research 
results and help the managers to translate results into the appropriate 
decisions (see Section 4.5 for a further discussion of this). 

To ensure that program objectives are met, working group participants must act 
decisively on a scheduled basis to: 

• Evaluate the data. 

• Make information available to the public. 

• Formulate any recommendations to modify hatchery operations. 

• Consider and deliberate on these recommendations in a public forum. 

• Adopt the changes necessary to meet program objectives. 

• Implement those changes in the next cycle of operations. 

• Monitor the results of the implemented actions to ensure that 
anticipated objectives are achieved. 

• Periodically review monitoring program and adjust as necessary to 
address key issues 

A proven model for successful adaptive management is for individuals with knowledge 
and commitment to the success of a program to work together in an open, 
transparent, agreed-upon structure. It has been shown in other communities that 
adaptive management of complex and controversial projects can be successful if the 
parties work together and reach agreement on support of management decisions. The 
management decisions need to be developed in a public process that has the benefit of 
comprehensive technical information and input from interested parties. 

The evolution of fisheries science and management in the Pacific Northwest is rich in 
lessons learned from research and extensive fish culture and habitat management 
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programs that have had varying degrees of success. The Pacific Northwest is home to 
many of the world’s leading experts in cold-water ecology, fish culture and fisheries 
management. The extent of the Cedar River Sockeye Hatchery’s success will depend, in 
part, on the ability to enlist the proper expertise to deal with each major technical and 
management issue that arises. 

Successful implementation will require commitment by those involved to initiate, 
maintain and evolve activities that serve the program’s needs. In order to meet the 
proposed schedule for operating the hatchery in brood year 2007, the adaptive 
management process must be advanced soon enough to support the operating plan for 
that year. Suggested implementation steps are: 

• Approve the Adaptive Management Plan in 2005 by the LMA parties 

• Select a steering committee (by the LMA parties) to manage the AMP 
startup 

• Select a steering committee chairman (by the LMA parties) who would 
later become operations manager for the Adaptive Management Work 
Group 

• Develop a work plan that will ensure that necessary elements of the 
AMP, Hatchery Program Management and Annual Operating Plan are 
in place in time for the first year of operations. See Section 4.5 below 
for a proposed Implementation Schedule. 

4.2 RELEVANT ORGANIZATIONS, COMMITTEES AND PANELS 

4.2.1 City of Seattle 

The City of Seattle has overall responsibility for implementing the HCP and is one of 
four parties to the LMA. It is responsible for management of impoundments and 
diversions of the Cedar River at Landsburg and upstream and for fisheries mitigation 
as defined in the HCP and LMA. 

4.2.2 Washington Department of Fish & Wildlife 

The Washington Department of Fish and Wildlife has responsibility for co-management 
of salmon runs in the Lake Washington Basin under provisions of federal court 
decisions. It has overall responsibility to preserve, protect and perpetuate the state’s 
fish and wildlife. Within this broader duty of stewardship, the WDFW is to maximize 
fishing, hunting and outdoor recreational opportunities and to seek to maintain the 
economic well being and stability of the fisheries industry in Washington. The agency’s 
authorities include establishing and enforcing regulations for time, place and manner 
of taking the state’s component of harvestable salmon and for permitting and 
regulating in-stream activities. 

4.2.3 Muckleshoot Tribe 

The Muckleshoot tribe, together with the Suquamish and Tulalip tribes, has 
responsibility for co-management of salmon runs returning to the Lake Washington 
Basin under provisions of federal court decisions. These tribes’ authorities include 
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establishing and enforcing regulations for time, place and manner of taking their 
component of the harvestable quota of salmon. 

4.2.4 National Marine Fisheries Service 

The National Marine Fisheries Service is responsible for the listing and protection of 
Pacific salmon species at risk under provisions of the Endangered Species Act. Its 
authorities include review and approval of state plans for recovery of listed species and 
“taking” under Sections 7 and 10 of the ESA. 

4.2.5 U.S. Fish and Wildlife Service 

The U.S. Fish and Wildlife Service is responsible for listing and protection of most 
fresh water fishes, including salmonids, other than salmon that are at risk under 
provision of the Endangered Species Act. Its authorities include review and approval of 
state plans for recovery of listed species and actions involving “take” under Sections 7 
and 10 of the ESA. 

4.2.6 King County 

King County is responsible for the protection of water quality and streamside riparian 
corridors under the provisions of the State Environmental Protection Act and the 
Shorelines Management Act. Its authorities include issuance of all building permits 
and special permits for any construction in sensitive areas and within shoreline zones 
in unincorporated regions of King County. 

4.2.7 City of Renton 

The City of Renton is responsible for protection of water quality and streamside 
riparian corridors under the provisions of the State Environmental Protection Act and 
the Shorelines Management Act. Its authorities include issuance of all building 
permits and special permits for any construction in sensitive areas and within 
shoreline zones within Renton City limits. 

4.2.8 U.S. Army Corps of Engineers 

The Army Corps of Engineers is responsible for regulating construction activities in 
wetlands and navigable waters under Section 404 of the Clean Water Act and Section 
10 of the Rivers and Harbors Act of 1899. Its authorities include issuance of permits 
for construction in wetlands and within navigable waters. 

4.2.9 Washington State Department of Ecology 

The Washington State Department of Ecology is Washington’s principal environmental 
management agency.  The Department administers a number of the state’s 
environmental protection and resource management programs.  Its authorities include 
environmental permitting under the Shoreline Management Act and overseeing water 
quality under various regulatory authorities. 
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4.2.10 The Cedar River Anadromous Fish Committee 

The Cedar River Anadromous Fish Committee was established by the LMA and serves 
as an advisory group to the four parties to the agreement. This group has met monthly 
to review and discuss issues related to fisheries mitigation activities on the Cedar 
River. The AFC membership presently includes representatives from the following: 

• The City of Seattle 

• King County 

• The Muckleshoot Tribe 

• Washington Department of Fish & Wildlife 

• National Marine Fisheries Service 

• U.S. Fish and Wildlife 

• Puget Sound Anglers 

• Washington Trout 

• Trout Unlimited 

• Long Live the Kings 

• Public at large. 

4.2.11 The Science Panel 

The science panel was assembled in early 2000 by invitation from the City of Seattle. 
Experts in sockeye biology, Lake Washington ecology, fish diseases, genetics and 
recent hatchery reform initiatives joined this panel from the University of Idaho, 
University of Washington, U.S. Fish and Wildlife Service, National Marine Fisheries 
Service and U.S. Geological Survey. They have provided guidance for the development 
of operating protocols and the monitoring program of the Cedar River Sockeye 
Hatchery. 

4.3 MANAGEMENT PRINCIPLES 

The following principles guide the design of the AMP organization and process: 

• Monitoring and research programs need to be designed in response to 
the needs of management entities by scientists with qualifications and 
experience relevant to the Cedar River system issues. 

• The design and results of monitoring and research programs should be 
independently reviewed by qualified peers. 

• A workable process is required to communicate management needs to 
researchers, to develop recommendations based upon technical 
findings and to make and implement the appropriate decisions. 

• A public forum is required for transfer of technical results to the 
management entities and to seek consensus on management response 
to technical findings. 
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• Interested parties should be provided access to available information as 
well as to the process for full and timely participation in proposals and 
recommendations. 

• Consensus will be sought as biological results are evaluated and 
operating decisions are made. 

4.4 AMP PARTICIPANT RELATIONSHIPS 

One of the most important elements for a successful AM program is an appropriate 
management structure to implement the AM process correctly. Gold (2004) cited the 
following principles that should be considered in establishing a management 
structure. 

• Maximize the collaborative process and public participation 

• Provide parity between the needs of managers for information to 
support decision-making and the need for scientists to do the required 
monitoring and research 

• Balancing the need for relevance with the need for quality and 
objectivity 

• Having measurable goals and objectives 

• Embracing uncertainty. 

Figure 4-1 shows the proposed participants and their relationships for implementation 
and evolution of the AMP. Other participants in the process are the independent 
scientists, the researchers, the Technical Work Group and hatchery management. The 
primary path of communications runs between the Technical Work Group (TWG), the 
AMWG and the parties to the LMA. The public at large will have access to the 
information generated by the project as well as be able to participate in the decision-
making process. This process is intended to be transparent in order to both serve the 
public’s interest and provide the opportunity for productive input into management 
decisions. 

4.4.1 Parties to the Landsburg Mitigation Agreement 

The LMA states: “The Parties are committed to use adaptive management to address 
critical questions as they arise, and make changes in management based on the 
results of monitoring to meet the specific objectives of the program.” In addition, the 
LMA states: “Except as otherwise provided, changes in all major aspects of study 
planning, implementation, and coordination with other related studies shall, within 
the indicated cost constraints, be subject to the approval of the Parties, in 
consultation with the [AFC] Committee,…”. To be consistent with the LMA, the parties 
to the LMA will form the decision-making body that receives information and 
recommendations primarily through the AMWG. Party meetings will be open to the 
public and held as needed. 
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4.4.2 Adaptive Management Work Group 

The AMWG, composed of agencies and stakeholders with an interest in the Cedar 
River Sockeye Hatchery Program, formulates recommendations to the parties. Under 
the LMA, the Cedar River AFC is designated to fulfill the role of the AMWG in providing 
advice to the parties on the operations and evaluation of the sockeye hatchery. Before 
the AMWG is formed, the parties will evaluate whether or not there is a need for 
change to the AFC to fulfill the role of the AMWG. This evaluation will include both the 
composition of the AFC and the ability of the AMWG to meet its goal of being 
representational, and discussion with the represented organizations to consider 
whether changes in individual representatives are needed to seat people best suited to 
the specific work of the AMWG. The SPU delegate will serve as chairperson and 
operations manager for the AMWG. 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 4-1. Proposed AMP Participant Relationships 
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• The framework and detail for AMP policy, goals and direction. 

• Membership of the Technical Work Group and the Independent 
Scientific Advisors 

• Multiple-year budgets and annual operation plans within the context of 
a long-term (five-year) strategic plan. 

• Final review and approval of all science and management activities 

• Establishment of priorities for program implementation 

• Adoption of a set of thresholds for each hypothesis in the AMP that will 
trigger the evaluation and decision-making process. A key component 
of the thresholds is the level of statistical certainty the monitoring 
program should be designed to achieve. The process of evaluating 
thresholds and for responding to threshold levels will encourage public 
involvement. 

• Adoption of the annual report on current and projected year operations 
as described in the Operating Protocols. 

• Oversight for hatchery operations for compliance with the operating 
plan with input from the technical work group, other scientific advisors 
and the public. 

• Assembly and distribution of relevant technical information that comes 
available in between annual report cycles. 

In addition, the AMWG will be responsible for the following: 

• Assembly and distribution of relevant technical information that comes 
available in between annual report cycles 

• Solicitation and coordination of input from all interested parties. 

The AMWG will meet at least annually or as necessary to discuss reports from the 
Technical Work Group, hatchery managers and others concerning the hatchery 
program and its effects. These meetings will be public meetings to discuss hatchery 
activities and findings from the monitoring and research efforts. Meeting topics will 
generally be scheduled in advance, with agendas issued to the public two weeks in 
advance of the meetings. 

Meetings will be conducted as working sessions where each topic is presented to the 
attendees by the operations manager or designee, with technical support coming from 
the ISA or the TWG, as needed. Initial discussions between all members of the AMWG 
will be conducted to clarify the details and for members to express opinions. This will 
be followed by any input from the public, and then by debate and the formation of any 
recommendations to the parties. If there is not consensus with the AMWG on a 
recommendation, then those holding the minority view shall be given the opportunity 
to prepare a written statement describing the justification for their position and this 
statement will be conveyed to the parties for consideration along with the majority’s 
recommendation. 
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The AMWG operations manager will be responsible for maintaining regular 
communications with the co-managers, particularly with regard to run-size predictions 
and harvest management planning and regulating. The operations manager will also 
maintain regular contact with the parties, ISA, TWG and Hatchery Manager. 

4.4.3 Technical Work Group 

The TWG will be responsible for the use of sound science in the evaluation of the 
hatchery. This group will include at least minimum of five experts in the following 
areas: pathology, genetics, Lake Washington ecology, sockeye salmon biology and 
hatchery reform/operations. In addition to these five positions, it is recommended that 
two other at large positions be available if needed to provide for either appointment of 
a generalist or for other technical specialists that are identified. These appointees will 
be selected by the parties to the LMA in consultation with the AMWG. The TWG will 
elect a chair from its members. The City of Seattle will provide or arrange for technical 
support in the area of sampling design and statistical analysis, as needed. 

It is proposed that the membership of the TWG be recruited from federal and state 
agencies, tribal organizations, universities, or private practice based primarily on the 
technical expertise needed and the commitment of candidates to sound resource 
stewardship. In addition to technical capability, potential members will be evaluated 
on their ability to work as part of a group and on their interest and ability to clearly 
communicate scientific information to managers and decision-makers. Members will 
be appointed on staggered terms. Candidates will not be chosen on the basis of 
representation of specific organizations or agencies. 

Operating guidelines for the TWG will be approved by the parties before the TWG 
begins its work. The TWG will be responsible for the following: 

• Reviewing and recommending the criteria and thresholds that would 
indicate the point at which either changes should be made to the 
hatchery program or formal evaluation should occur, as appropriate  

• Drafting monitoring and research objectives, protocols and plans 

• Developing and review budgets and RFPs for monitoring work 

• Reviewing monitoring and research reports 

• Overseeing data management and analysis 

• Evaluating the effects of management actions 

• Recommending the appropriate changes to hatchery operation when 
trigger points are reached. 

• Recommending appropriate changes to the criteria and thresholds 
when appropriate. 

• Recommending changes to the Annual Operating Plan. 

• Providing technical review of the Annual Report on hatchery operations. 

The TWG will meet on a quarterly schedule, or as necessary, to review new information 
that is accumulating from hatchery operations and the monitoring and research 
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activities, to conduct the business of the group to fulfill its responsibilities, and to 
finalize recommendations to the AMWG. These meetings will be open to the public. 

A scientific coordinator will be selected by the parties to lead the TWG. The coordinator 
will chair meetings, plan the work of the TWG and represent the TWG before other 
committees and the parties. The scientific coordinator will be responsible for 
maintaining open communication links with the parties, the AMWG, hatchery 
management and the Independent Scientific Advisors. The TWG will provide advice as 
needed to ensure that the monitoring and research objectives are relevant, realistic 
and scientifically credible. 

4.4.4 Independent Science Advisors 

The Independent Science Advisors will serve as a review and recommending body of 
the AMWG and as an advisory body for the TWG and will make recommendations to 
resolve conflicts regarding technical, research, and management approaches. Advisors 
will be expected to provide independent assessments of monitoring data to determine if 
thresholds are exceeded, in cases where professional judgement is used as the primary 
basis for the decision. This group will be asked to do periodic program reviews. The 
results of any ISA review or any ISA recommendations will be given directly to the 
AMWG, TWG and the parties, with copies available to the public upon request. 

A list of Independent Scientific Advisors will be developed that includes specialists in 
the Northwest, not serving on the TWG, who have the qualifications needed to review 
scientific and technical aspects of the AMP activities. Individuals such as college 
professors and scientists associated with state, federal or tribal organizations or in 
private practice are anticipated to form the pool of talent from which to recruit. 
Nominations for appointment to this group will be solicited from the stakeholder 
groups and public at large. The parties will select the names of the advisors, after 
soliciting advice from the AMWG. 

4.4.5 Monitoring and Research Parties 

Monitoring and research will be carried out by investigators in public agencies, 
universities or consulting firms who are qualified to perform the work required. These 
individuals will be involved in proposing ideas and methods to address key 
uncertainties and will be involved in implementing the studies, analyzing the data and 
reporting results to the TWG and others involved in the adaptive management process. 
The monitoring and research parties will be approved by the Parties to the LMA in 
consultation with the TWG and AMWG. Consideration will be given to technical 
expertise, experience, cost and other relevant factors in the selection of the Monitoring 
and Research Parties. 

4.4.6 Hatchery Management  

Hatchery management will be responsible for implementing the decisions of the parties 
regarding hatchery management operations and for operating the hatchery in an 
effective and efficient manner. Hatchery management will be overseen by the parties 
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and will interact with the AMWG and the TWG. This group has the following 
authorities: 

• Implementation of technical, science, management or other activities 
approved and assigned by the parties in consultation with the AMWG 

• Implementation of activities under its own authority, e.g., cost-saving 
management functions; improvement activities in technical/ 
management areas 

• Make recommendations to changes in operations and policy 
management actions to the AMWG 

4.4.7 Public Involvement 

Public involvement plays a critical role in providing extended review of scientific 
findings and of recommendations made by the AMWG to the parties. Public 
involvement will be integrated throughout the AMP by providing access to information 
and recommendations, by providing opportunity to listen to committee deliberations 
and by providing opportunity to comment to committees. 

4.5 AMP IMPLEMENTATION 

Successful adaptive management is elusive. It is natural to get comfortable with 
routine and to resist change. Additionally, different pressures will come from various 
stakeholders to manage the hatchery to best suit their particular interests. It is 
essential that the policy/decision makers implement a rigorous program to start and 
evolve an AMP process that will achieve the stated goals and to do so in a manner that 
instills confidence in all stakeholders and the public at large that hatchery operations 
are conducted and modified based on the best scientific information available. Table 4-
1 provides a proposed series of the major steps foreseen to get the AMP up and 
running in concert with the start up of first year hatchery operations. 
 

TABLE 4-1. 
ADAPTIVE MANAGEMENT PLAN IMPLEMENTATION 

Activity Date 
Final drafts of Adaptive Management Plan (AMP), Capacity 
Analysis, and Operating Protocols Submitted to Anadromous Fish 
Committee for recommendation 

May August 2005 

Parties to the Landsburg Mitigation Agreement Decision June September 2005 

Parties to the Landsburg Mitigation Agreement approve 
membership and operating guidelines for Technical Working 
Group (TWG) and Adaptive Management Work Group (AMWG) 

June 2006 

Monitoring and Research Parties (MRP)/ TWG / ISA/ AMWG 
review Adaptive Management Plan and Operating Protocols and 
refine / modify criteria and thresholds.  

July 2006- January 2007 

Development of data management and monitoring protocols 
(TWG, ISA, AMWG, Parties) 

January 2007 

Establish Data Management System  March 2007 
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TWG reviews annual report on hatchery program and provides 
comments to AMWG 

Annually beginning in 
2007 

TWG recommends priorities for Adaptive Management by 
reviewing existing uncertainties and hypotheses and adjusting as 
needed to provide direction for the monitoring program. 

Annually beginning in 
2007 

TWG reviews and recommends modifications, if needed, to 
criteria, thresholds, and responses 

Annually beginning in 
2007 

Annual operating plan submitted by TWG to AMWG for review 
and Party approval 

Annually beginning in 
2007 

Review monitoring protocols Every 5 years 

4.6 DATA ACQUISITION AND MANAGEMENT SYSTEM 

The development of a system to ensure that the appropriate information is collected, 
reviewed and stored is crucial to enabling the objective evaluation of the program. The 
data management system will include procedures for the acquisition, transfer, QA/QC, 
archival and access to data. Standards will be developed for metadata and data 
storage. This work will be done during the year before the hatchery begins operation. 

4.7 DISPUTE RESOLUTION PROCESS 

The goal of the adaptive management committees will be to reach consensus in 
recommendations and decisions. When this is not possible at the committee level, 
provisions for the expression of minority opinions will be made so that decision-
makers and the public are informed of the diversity of views. When the parties 
disagree, the dispute resolution process will follow that described in the LMA. 

4.8 PROCESS FOR RESPONDING WHEN  THRESHOLDS ARE EXCEEDED 

The Adaptive Management Plan establishes thresholds (Section 2) that are used to 
define in advance what would constitute unusual and undesirable outcomes 
associated with key uncertainties. These thresholds are defined for each set of 
hypotheses and are intended to be reviewed during the period prior to implementation 
and periodically thereafter as information is gathered to ensure that they are set 
appropriately. Where feasible to do so, statistical testing will be used to determine if 
thresholds have been exceeded. In other cases, experts will be asked to use statistical 
and quantitative analyses to aid their determination of whether results are significant.  
In the latter situation, both the TWG and the ISA would be asked to provide their 
independent assessments of the data to the Parties. If the Parties conclude that a 
threshold has been exceeded, the parties will ask the TWG to determine the cause. The 
TWG would be expected to consult with any of the researchers involved and may 
consult with Independent Scientists as well. The Parties may decide to ask for an 
independent assessment of cause by independent scientists. The TWG and the 
independent scientists (when involved) will provide their findings to the AMWG, along 
with any actions that they recommend be taken. The AMWG will consider the TWG 
findings and recommendations, along with any from independent scientists, and 
develop their recommendation for consideration to the parties. The parties will meet to 
review reports, hear from the public and decide how to respond to the 
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recommendations. If the parties do not accept the recommendations of the AMWG, the 
parties must provide reasons for doing so and these shall be provided to the public 
and committees upon request. If response actions are required, monitoring will 
continue to determine whether the response action has been successful in reducing 
the effect so that it drops below the threshold level. If the response action is 
unsuccessful, further analysis would lead to consideration of alternatives. Thus, the 
adaptive management process is a cycle involving monitoring, evaluation, adjustments 
to operations, when necessary, and continued monitoring and evaluation (see Fig. 1-
1). For further information see Section 2 and 3. 

4.9 SUMMARY 

The long-term success of the Cedar River Sockeye Salmon Hatchery hinges upon 
effective cooperation and coordination between the involved agencies, the Muckleshoot 
Tribe, the stakeholders, the public and the scientific community. This hatchery is very 
significant because of its visibility, history, and potential benefit. An extraordinary 
level of effort is being invested in implementing this sockeye mitigation project in a 
manner that is compatible with natural systems. There is a risk that complicated 
procedures could result in excessive costs and reduced benefits. To optimize the 
scientific and other community benefits, it is incumbent upon all participants to 
streamline and simplify where possible while striving to meet project objectives. 

The Adaptive Management Plan and the other program documents are proposed to 
become the basis for the Annual Operating Plan for the first year of operations and for 
the management structure that will be necessary for implementation of a successful 
Adaptive Management process. Discussions and negotiations between the participants 
will be needed to finalize the roles and responsibilities of each participant and to select 
the proper team. Membership in the technical groups and hatchery management 
should always be based upon technical expertise and professionalism, not on 
affiliation. Early initiation of discussions between the parties and their advisors should 
lead to an effective startup and hopefully good operating efficiency and more healthy 
fish in the Lake Washington system. 
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Worst Case Analysis Workshop Summary: Genetics Issues 
 

Thomas P. Quinn 
School of Aquatic and Fishery Sciences 

University of Washington 
 

Introduction 
A series of three workshops were held simultaneously on April 29, 2004, to allow selected 
experts to discuss possible “worst case” scenarios pertinent to the expansion and modification of 
the Cedar River sockeye salmon hatchery.  This draft document reviews the deliberations of the 
group asked to consider three specific issues related to the genetics of sockeye salmon in this 
population and others within the Lake Washington drainage: straying of hatchery-produced 
salmon into other breeding populations elsewhere in the basin to the detriment of those 
populations, homogenization of sockeye salmon populations within the Cedar River system itself 
to their detriment, and domestication selection (a process that might occur within the Cedar 
River hatchery but that would reduce the fitness of sockeye salmon for reproduction in the river).   
 

Participants 
The genetics session was moderated by Mr. Martin Baker (City of Seattle), and the participants 
were as follows (in alphabetical order): 
 

Dr. Craig Busack, Washington Department of Fish and Wildlife 
Dr. Donald Campton, U.S. Fish and Wildlife Service 
Mr. Jon Drake, Northwest Fisheries Science Center, National Marine Fisheries Service 
Dr. Thomas Quinn, University of Washington 
Dr. Reginald Reisenbichler, Biological Resources Division, U.S. Geological Survey 
Dr. Steven Schroder, Washington Department of Fish and Wildlife 

 
Approach 

The session began with a brief general introduction to the three main issues that had been 
identified for us as the focus of our efforts: straying, homogenization, and domestication.  This 
was designed to provide background for participants about the genetics-related concerns that had 
been expressed regarding the hatchery.  We then briefly discussed another genetics issue, 
changes in genotype resulting from low effective population size.  This is a concern in many 
conservation situations because it can result in rapid reductions in fitness and genetic drift.  
However, the numbers of salmon in the Cedar River are so large that this was dismissed by the 
group without argument and not discussed further.  Following this introduction, the group 
discussed the three issues in that order.  After the three issues had been discussed, Mr. Baker 
described the forms that we were to use for quantifying the risk assessment.  There were 
comments and points of clarification, after which we filled out the forms individually (i.e., 
without consultation within the group).  Then, following the same order (straying, 
homogenization, and domestication), we each presented our risk assessments and explained the 
assumptions and logic behind the conclusions.  After everyone had presented his views on each 
issue, we reconvened with the entire group, heard summaries from the chairs of the groups 
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examining the other two issues (ecological interactions, and redd superimposition), and our 
findings were summarized by Dr. Quinn.  We were then thanked for our services, details 
regarding follow-up activities were provided, and we departed.  
 
This report is an attempt to summarize the discussion that was held by these people, on this date.  
Many ideas were brought up more than once, and the discussions often followed non-linear 
paths.  Therefore, this is not a verbatim record or a transcript.  Rather, it is an effort to provide an 
accurate and comprehensible report on what was said.  The report does not identify the specific 
individuals that made remarks, and lists the risk assessments anonymously.  This was at the 
request of several members of the group, for two reasons.  First, the views of the group as a 
whole are most important rather than those of specific individuals.  If comments were attributed 
to individuals, readers might infer too much from the differences of opinion.  Second, the 
scientists were using their technical expertise as the basis for their views but were not speaking 
on behalf of their agencies, some of which have expressed official opinions regarding the 
hatchery.  The views expressed at the meeting were not authorized as representative of agency 
policy, so it seems more proper not to attribute comments to individuals.  However, the 
individuals are listed by letter (A to F) in the attachments, and the text refers to these individuals 
by letter to provide some sense of the variation in views among individuals within the group.  
 

Straying among Lake Washington spawning populations 
As discussed by the group, the essential issue with regard to straying is that the Lake Washington 
basin presently consists of sockeye salmon breeding in discrete locations other than the Cedar 
River (e.g., Bear Creek, Issaquah Creek, and beaches in the lake itself).  The sockeye breeding at 
these sites differ in phenotypic traits (e.g., timing of breeding, age composition) that have 
probably evolved as a result of natural selection, and at least some of them differ in genotype, 
indicating reproductive isolation.  The group was willing to accept the assumption that the 
differences in life history traits among populations contribute to their fitness.  
 
The term fitness has many definitions and there were discussions by the group of what it means, 
and what is the most relevant way to measure it.  Those discussions took place with respect to all 
the hypothesized genetic effects (i.e., straying, homogenization, and domestication) but for 
brevity the discussion is only summarized here.  We agreed that a functional definition of fitness 
is the ability of naturally spawning fish to produce offspring that survive to successfully 
reproduce.  Thus a reduction in fitness is a reduction in reproductive success by individuals or 
types of individuals (e.g., Bear Creek sockeye).  We understand that many factors affect the 
production of offspring by salmon, including climate related factors such as flooding during 
incubation, temperature during lake residence, and oceanographic factors affecting survival at 
sea.  In addition, there are density-dependent factors such as competition for spawning sites and 
disturbance of nests.  However, our concept of fitness from a genetic standpoint was independent 
of these factors.  That is, if we controlled for environmental change (e.g., climate) and density, 
would there be a reduction in the reproductive success of salmon of a given type in their natal 
stream?  In the case of straying, the concern was that interbreeding by Cedar River sockeye with 
those from the other populations (e.g., Bear Creek) might be expected to reduce the fitness of the 
Bear Creek fish.  Specific experiments demonstrating such reduction in fitness have not been 
conducted for these populations but this assumption is based on sound principles.   
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This reduction in fitness does not specifically depend on changes in the Cedar River population 
that might arise from the hatchery (though those might exacerbate the matter).  Rather, the basic 
concern is that the Cedar River fish are presumably better adapted for the Cedar River than they 
are for Bear Creek, and so by breeding in Bear Creek or by interbreeding with Bear Creek fish 
they would reduce the average fitness of fish in Bear Creek.  To the extent that the Cedar River 
hatchery resulted in reductions in fitness with respect to the Cedar River, these might further 
decrease the fitness of the fish for breeding in Bear Creek.  However, the analysis by the group 
did not hinge on these possible future conditions.   
 
Sockeye salmon generally display a high degree of homing and differentiation of populations, 
and the present differences in traits among populations imply that whatever level of straying 
currently exists has not homogenized them.  The hatchery might increase the number of strays 
into other breeding sites by one of two mechanisms.  First, even if the proportion of sockeye 
salmon straying from the Cedar River into the other populations stays the same (i.e., straying is 
density-independent), the increased numbers of Cedar River sockeye salmon would increase the 
number of strays.  Second, it is possible that the hatchery-produced sockeye salmon might have a 
greater tendency to stray than naturally produced Cedar River sockeye salmon. 
 
Bear Creek 
A key element in the group’s deliberations was a report by Fresh et al. (2001).  These scientists 
examined otoliths from 1,219 Bear Creek sockeye salmon from 1998, 1999, and 2000 and did 
not find a single fish with the distinctive marking patterns that identify hatchery fish with a high 
degree of accuracy.  The marking technique and ability to detect marks is not in question, so the 
parsimonious conclusion is that Cedar River hatchery fish comprised a very small proportion of 
the spawners in Bear Creek in those years.  The true (underlying) level of straying was discussed, 
because there might have been a few strays that were missed by chance so the true level of 
straying may not be 0%.  Indeed, the group assumed that the true level of straying was greater 
than 0% but agreed that the number was probably on the order of 1% or less (two scientists 
regarded it as <0.5%).  The group acknowledged that some level of straying takes place under 
fully natural conditions, and that the existence of a few strays from the Cedar River into the Bear 
Creek population does not constitute a problem per se.  The group concluded (see quantitative 
analysis below) that under current hatchery practices (releases of fry at or shortly after 
emergence into the Cedar River itself) there will inevitably be some very low level of straying 
into Bear Creek (and, by extension, other small creeks at the north end of the lake).  The only 
reasons for uncertainty surrounded the extent to which these practices will be continued.  The 
group felt that releases into the lake itself would be likely to increase straying, perhaps markedly. 
 
The consequences of straying were assessed in terms of fitness, and genetic diversity.  We first 
considered the likelihood that the fitness (i.e., productivity) of the Bear Creek population will be 
reduced by straying from the Cedar River.  We tried to determine the central tendency in the 
evaluations by the six responding scientists.  The most obvious way to do this is by taking the 
average value (sum divided by the number of respondents) in each of the 10 levels of effect (0 – 
10%, 10 – 20%, etc.).  However, the median may be a more representative way to characterize 
the central tendency, because the values are not normally distributed.  The median represents the 
value in the middle if an odd number of values are arranged in rank order, and the average of the 
two middle values if there is an even number.  The attached tables show the average (i.e., mean) 
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and median values but in the text we will refer to the medians.  One should note that the median 
values do not necessarily add up to 100%, unlike the sum of average values.  The median values 
indicated a 95% chance of a 0-10% reduction in fitness from straying, and a 5% chance of a 10-
20% reduction (Attachment 1).  In one case a finer degree of assessment was recorded in 
marginal notes on the tally sheets.  Scientist B estimated a 70% probability of no impact at all 
and a 30% chance of an impact ranging from 1-5%.   
 
The six estimates were skewed, however, and depended on the assumptions made.  Five of the 
six scientists felt that there was at least a 90% chance that the effect would be 0-10%, and some 
specified even lower probabilities.  The only scientist expressing a greater level of concern 
(Scientist C) made the assumptions that there was no Adaptive Management Plan and that the 
straying rate from the Cedar River would increase to 5-10% of the population within 5-10 
generations.  Most scientists made the assumptions that the hatchery would produce up to its 
planned capacity (ca. 34 million fry) and that the fry would be released into the river.  Only one 
scientist explicitly estimated possible increases in straying resulting from different release 
strategies so these values could not be averaged.  Scientist E explicitly noted that, “If current 
protocols and assumptions are violated, as is likely due to human nature, then probabilities will 
be shifted to the right; i.e., expected impacts increase substantially.”   
 
There was some discussion of the validity of the assumption that the fry would be released in the 
river.  Some level of mortality seems to occur in the river as the fry are migrating down to the 
lake, and it seems to be a function of distance and conditions when the fish are released.  It might 
be natural for staff at the hatchery to try to improve the survival of the fry by releasing them as 
close to the lake as possible, and at some point in the future they might negotiate for permission 
to release them in the lake itself.  However, there is documentation that the distribution of adult 
sockeye throughout the Cedar River depends on releasing them as fry throughout the river, and 
the group felt that the necessity of releasing fry in the river was sufficiently established that they 
were willing to assume that this practice will not change.  Scientist F explicitly considered the 
straying risk under the assumption of releases into the lake as well as the assumption of river 
releases, and he concluded that the difference was slight (if all fry are released in the river: 97% 
chance of 0-10% effect and 3% chance of 10-20% effect; if >50% of the fry are released into the 
lake: 93% chance of 0-10% effect and 7% chance of 10-20% effect).  Scientist C took the most 
precautionary position, assuming (as a worse case) that there would be no adaptive management 
process and that all fry would be released into the lower Cedar River or the mouth of the river.  
He assumed that the natural selection favoring homing would be reduced and straying would 
increase markedly above current levels.  He therefore projected substantially higher levels of risk 
than any of the other six scientists. 
 
In addition to the assessment of the probability that the fitness (reproductive success) of the Bear 
Creek (and, by extension, other tributary populations) would be affected by straying from the 
Cedar River, we also noted that such straying might affect the genetic makeup of the “recipient” 
population in other ways.  Maintaining all the genetic diversity of a population is not necessarily 
a prerequisite for success, and the stability of gene frequencies over time is not essential for 
persistence.  However, the capacity of a population to adapt to new challenges (e.g., temperature, 
disease, etc.) in the future may depend on some level of diversity.  This can be quantitatively 
measured using selectively neutral markers.  The assumptions made by the scientists for this 
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measure of effect were similar to those made for a loss in fitness.  Five of the six scientists 
assessed the level of change in allele frequencies (or a related measure) that might be expected to 
occur.  The median values of these responses indicated a 90% chance of a 0-10% change, an 8% 
chance of a 10-20% change, and a 5% chance of a 20-30% change (Attachment 2).  These were 
not intended to mean that equivalent reductions in fitness would occur.  Indeed, there is no 
unequivocal link between measures of genetic variation (e.g., Fst) and quantified measures of 
fitness such as number of offspring and it is not clear whether, how, or when these changes 
might affect the fitness of the population.  
 
The higher levels of change anticipated in this measure, compared to fitness (see above), result 
from the fact that these genetic changes are assumed to be more neutral to selection and so might 
occur more quickly.  That is, the combinations of alleles at different microsatellite loci, for 
example, do not seem to enhance fitness, and so would be affected by straying more rapidly than 
traits experiencing selection.  It is possible that in some future set of circumstances there may be 
benefits associated with these genotypes or with genetic traits that are linked to them but this is 
speculative.   
 
The group recognized that both of these measures of effect (change in realized reproductive 
success, and change in gene frequencies) are flawed so they are recommended in concert.  The 
first is subject to statistical “type-II error.”  This is the probability that a true effect will be 
undetected because of high variation, a small number of independent samples, a small intrinsic 
effect, or a combination of these factors.  In the case of straying into Bear Creek (or, in 
subsequent analyses, effects within the Cedar River itself) the measurement would be a reduction 
in the expected number of fry produced per spawner.  The expected level of fry production 
would have to be adjusted for the density of adults and for environmental conditions, especially 
winter flooding.  In this case, each year only contributes one independent data point.  The errors 
in counting adults and fry would combine with the natural variation around the true relationships 
between density, flow, and fry production to make it difficult to detect any but the most dramatic 
reductions in fitness.  This measurement was chosen over the presence of stray Cedar River 
hatchery fish in the Bear Creek populations because their presence alone would not constitute an 
impact (though without stray fish no effect could occur, so there is value in such information).  
We recognized that the ability to detect a decrease in productivity of the Bear Creek population 
from strays is weak.  Neither is the other measurement, related to the frequency distribution of 
selectively neutral genetic markers, ideal.  It does not by itself really indicate a change that 
reduces the present ability of the population to persist.    
 
Lake Washington beaches 
The group not only considered the issue of straying from the Cedar River into Bear Creek but 
also straying into the beach spawning populations in the lake itself.  These spawning grounds, 
notably one located at Pleasure Point, are geographically much closer to the Cedar River than 
Bear Creek is to the Cedar River, and the beach populations are much less numerous at present 
than those in Bear Creek.  These facts both make the beach populations much more susceptible 
to straying from the Cedar River than is the Bear Creek population.  Some level of straying 
apparently goes on from the Cedar River into the Pleasure Point beach population, yet the beach 
population displays small but significant differences from the Cedar River in both life history 
traits and gene frequencies (based on papers by Quinn et al. 1999 and Hendry et al. 2000).  The 
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scientists generally felt that the reduction in fitness in the beach populations associated with stray 
Cedar River fish would be greater than was projected for the Bear Creek population.  
Specifically, five of the six scientists completed risk assessment forms and the medians of their 
estimates were a 50% chance of a 0-10% reduction in fitness, a 30% chance of a 10-20% 
reduction, and a 20% chance of a 20-30% reduction (Attachment 1).  These assessments were 
based on assumptions that were similar to those made by each person with respect to the Bear 
Creek straying issue: 34 million fry, released in the Cedar River with little or no rearing at the 
hatchery.   
 
It should be noted that the estimates of the effects of straying on the beach population were much 
less consistent among the scientists than were the estimates for effects on Bear Creek (see 
Attachment 1).  In fact, there was some uncertainly as to whether straying to the beach 
population was even an issue for discussion.  Three scientists filled out forms during the 
meeting, and two supplied assessments later upon request.  In a memo dated May 20, the other 
scientist stated: 
 

“In the absence of additional data, I would consider ANY straying from 
the Cedar River (hatchery-origin or natural-origin) to largely be 
inconsequential UNLESS there was a specific management plan in place 
to develop a genetically-distinct beach spawning population.  Such a plan 
would have to establish adult escapement goals for natural spawning and 
identify specific geographic areas where spawning occurs (or would 
occur).  To my knowledge, such [a] plan has not been developed.”  

 
There was some discussion of the fact that the beach population(s) may be at risk of extinction 
from factors unrelated to the hatchery (e.g., shoreline habitat modification) and may also be at 
risk from hatchery-related processes other than genetics (notably fishing pressure).  However, 
these ideas were not explicitly integrated into the finding with respect to genetics.  The issue of 
fisheries is also relevant to the future status of the Bear Creek population but the genetics group 
did not quantify or discuss this matter.  As with the Bear Creek population, we considered the 
possible loss in adaptive potential (measured by the diversity of selectively neutral traits) in this 
population that might result from straying.  It was felt that this process would be more likely to 
occur and that the reductions would probably be greater than were projected for Bear Creek.  The 
median estimated reductions were: 35% chance of a 0-10% reduction, 20% chance of a 10-20% 
reduction, 14% chance of a 20-30% reduction, 6% chance of a 30-40% reduction, 3% chance of 
a 40-50% reduction, and a 1% chance of a 50-60% reduction (Attachment 2).  As with the 
estimates for loss of fitness, there was much less agreement among the scientists regarding the 
effects of straying on gene frequency in the beach population than the Bear Creek population.  
 
Straying – general conclusions 
The level of concern about straying from the Cedar River hatchery into tributary populations in 
the basin was low.  The lack of concern stemmed mainly from (1) the empirical evidence from 
WDFW research indicating an exceedingly low occurrence of strays into Bear Creek 
(undetectable in 1,219 fish examined); (2) the geographical isolation of the Cedar River from the 
other main spawning sites; (3) a sense that straying by sockeye salmon is generally rare; (4) a 
sense that a low level of straying occurs naturally and probably causes little or no harm.  
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However, the level of concern was greater for the beach spawning populations than the Bear 
Creek population.  By and large these conclusions were based on the assumptions that the 
hatchery would produce its capacity of 34 million fry but that they would be released in the river 
after little if any rearing.  
 

Homogenization of population structure within the Cedar River  
Just as straying from the Cedar River hatchery into other spawning grounds in the Lake 
Washington basin could tend to reduce the adaptive variation in those populations to their 
detriment, it is also possible that present or evolving population structure within the Cedar River 
might be reduced or eliminated by the operation of the hatchery.  This “homogenization” of 
populations was the second aspect of genetics that was discussed by the group.  We considered 
two processes by which this might occur.  First, the adult sockeye salmon trapped at the weir will 
include fish destined for all spawning areas above that point.  The present plans call for the weir 
be located near the mouth of the Cedar River.  So, if there were populations in tributaries of the 
Cedar River with unique attributes that enhance their fitness, some of these fish would be 
gathered for spawning at the hatchery in proportion to their abundance.  They would be mated 
randomly with other fish, mostly from the Cedar River, and so any unique attributes would tend 
to become lost through homogenization.  In addition, it is possible that there are spawning 
groups within the Cedar River itself (e.g., upper reaches of the river) with distinct attributes that 
would be lost by similar homogenization in the hatchery.   
 
The second process by which the Cedar River population complex might become homogenized 
stems from release patterns.  Evidence collected by WDFW indicated that fry released in the 
upper, middle, and lower reaches of the river had a significant (but far from absolute) tendency 
to return as adults to those regions.  To the extent that this occurs, naturally produced adults that 
would ordinarily have returned to the upper reach, for example, might not only be spawned with 
fish from a tributary, but their offspring might be released into the lower river, further disrupting 
the population structure.   
 
There is evidence that the sockeye salmon spawning in the Cedar River system co-vary in spatial 
and temporal distributions.  Specifically, the upper reaches of the river seem to be used before 
the lower reaches, and some of the off-channel spawning sites are used late in the season.  The 
highest counts of adults in the mainstem Cedar River are generally from late September through 
late November, whereas counts in Wetland 79 tend to peak in late November and early 
December, and those in Cavanaugh Pond are highest in December and January.  Scientist B 
pointed out that the fish are not held long in the hatchery, so the early maturing fish will continue 
to be mated with other early maturing fish, and the temporal structure in the population will tend 
to be retained.  Indeed, the spawning season in the river is so protracted (September through 
December or even later) relative to the instream lifespan of any individual that some degree of 
genetic separation between the ends of the distribution is not surprising. 
 
After identifying the processes by which homogenization might occur, the group’s discussion 
centered around the extent to which the Cedar River system might presently contain distinct 
subpopulations.  The evidence regarding present population structure seems to be mixed and 
equivocal.  The entire population was the result of transplants that began in the 1930s (the most 
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likely source of the present population is Baker Lake, in the Skagit River system), and this recent 
origin might argue against complex population structure.   
 
On the other hand, the early returning sockeye seem to spawn predominately in the upper reaches 
whereas the later fish tend to spawn in the lower reaches (though considerable overlap takes 
place).  This kind of spatial/temporal structure is seen in some other wild salmon populations, 
and it suggests that some level of homing and adaptation may be evolving or have already 
evolved.  There are also spawning sites in tributaries and side channels, both natural and man-
made.  In some cases these spawning groups display distinct (often late) timing.  This may result 
from difficulty in accessing the site earlier in the season, or it may reflect the inherent traits of 
the fish.  However, some degree of colonization clearly occurs because the spawning channel at 
Ron Regis Park was occupied at high density in the first season it was open, and those adults 
could not possibly have been spawned there.  The group then considered the question of what 
fraction of the sockeye salmon in the Cedar River system spawn in side channels, tributaries, and 
other sites outside the mainstem of the river.  No one present had precise numbers so the group 
assumed that the figure would be on the order of 5-10% of the spawning taking place in these 
alternative habitats.  The numerical dominance of the mainstem Cedar River population means 
that even a small proportion of strays from the Cedar River (as might be expected under normal 
circumstances unrelated to a hatchery) would reduce the tendency for local adaptations to evolve 
in tributaries and side channels.   
 
The group recognized that the evolution of adaptive traits in salmon populations is a natural 
process but it is unclear to what extent this process has already occurred in the Cedar River 
system, and the extent to which it will occur in the future, even in the absence of a hatchery.  The 
experimental releases of marked hatchery fry did not show complete fidelity to the release sites 
as adults, so a considerable amount of genetic exchange probably goes on within the river 
system.  However, salmon run timing and spawn timing exhibit some heritability, and the total 
spawning period is much longer than the instream lifespan of individual salmon, so some degree 
of genetic separation between early and late breeding fish is likely to occur.  There were 
comments on the existing genetics work (notably that of Ingrid Spies and Paul Bentzen from the 
University of Washington).  These data indicated reduced gene flow between early and late 
breeders but the samples were not collected in space and time in a manner that would fully 
resolve the issue.  In addition, as with the issue of straying between spawning sites (e.g., Cedar 
River and Bear Creek), the importance of differences at selectively neutral loci is not clear.   
 
The subsequent discussion centered around the assessment of fitness effects on the Cedar River 
population complex, elaborating on ideas raised in the discussion of straying.  Indeed, it was 
pointed out that there are some parallels between the issue of straying (homogenization of 
sockeye salmon in the Lake Washington basin) and homogenization of subpopulations with the 
Cedar River.  However, the processes causing the changes differ; those in the Cedar River itself 
are more directly linked to the hatchery operations.  It was concluded that the only really 
convincing evidence of harm would be a decrease in the number of fry produced by naturally 
spawning females in the Cedar River system.  As mentioned in the section on straying, such an 
assessment depends on several types of data and analyses: accurate counts of the number and sex 
ratio of naturally spawning adults, accurate counts of the number of naturally produced fry, 
statistically sound relationships between adult density and fry production, and between 
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environmental factors (chiefly winter flow) and fry production.  In the case of the Cedar River 
system, the fry enumeration that has been conducted by the Washington Department of Fish and 
Wildlife was viewed as quite accurate, given the large size of the population.  The discussions by 
the group were based on the assumption that this enumeration program would continue at the 
same level of accuracy.  If it does not continue or becomes markedly less accurate, then a 
reduction in the fitness (i.e., reproductive success) of naturally reproducing sockeye salmon 
would not be detectable.  The adult counts are somewhat more problematical.  There was some 
discussion of the fact that they hinge on both counts of the number of salmon in the river on a 
series of dates and on estimates of the instream lifespan of individual adult sockeye salmon.  
There is error in both of these parts of the equation for estimating the total population. 
 
Errors in estimating the total number of spawning adult sockeye salmon and their offspring are 
combined with variation in the strengths of the relationships between per capita fry production 
and density, and river flow.  These relationships have been established (i.e., the number of fry 
produced per female is lower when the density of adults is high, and lower when river flows are 
high, than when density and flows are low).  The null hypothesis would be that the form of this 
relationship would not change over time.  If hatchery practices were limiting the adaptive 
diversity of populations in the river system, then the predicted alternative would be that the per 
capita fry production, adjusted for density and flow experienced in that year, would decline.   
 
In general, the group agreed that the numerical parent-offspring relationship is an essential way 
to evaluate possible changes in fitness in the population complex.  However, we recognized that 
the method has weaknesses.  As discussed in the section above on straying, failure to detect a 
change does not mean that no change has taken place, and so only very large changes are likely 
to be detected.  In addition, the degradation of fitness that might occur would be gradual, not 
step-like, and such a progressive change might be masked by other subtle, time-varying 
processes operating in the river.  For example, habitat restoration projects might tend to increase 
the productivity of the river for wild fry, and so might mask declines in genetic fitness.  On the 
other hand, habitat degradation might reduce fry productivity, creating the appearance of a 
decline in fitness where none in fact took place.  Another drawback of this assessment approach 
is that it does not consider the upward evolutionary trajectory of the population that might be 
expected to occur in the absence of a hatchery.  One might expect, given the fact that the 
population is less than 70 years old, that it is still evolving toward a suite of locally adapted 
phenotypic traits.  Homogenization by the hatchery might retard or halt such evolution, 
effectively freezing the process of differentiation that might otherwise occur.  Finally, most of 
the estimates of fry production have taken place during the years of the hatchery’s operation.  
There were four years of fry counts conducted by the Washington Department of Fish and 
Wildlife in brood years before hatchery-produced adults returned to spawn.  Data were collected 
by Dr. Quentin Stober (University of Washington) but for four other years, and with a somewhat 
different method than that used in the recent years.   
 
Given these reservations about relying solely on a “parent to fry production relationship,” the 
group elaborated on discussions held earlier (in the context of straying) regarding the need for 
maintaining the “adaptive potential” of the population.  Future conditions such as climate, new 
pathogens, competitors, and other biotic and abiotic factors may affect the population in ways 
that it has not been challenged to date.  The ability to respond to these challenges rather than 
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slide toward extinction may depend on genetic traits whose present value is not obvious.  The 
retention of genetic diversity may increase the likelihood that the population can successfully 
meet such challenges in the future.  It was recognized that there is no perfect way to measure this 
adaptive potential, but a convenient and useful surrogate is the level of genetic diversity as 
quantified by selectively neutral genetic markers.  This can be indexed by the Fst value but the 
group did not settle on a specific way to measure diversity; it was agreed that some such 
measurement would be an important counterpart to the assessment of reproductive success.  
Realized reproductive success (fry per adult) best approximates what we are most concerned 
about but is somewhat insensitive, whereas genetic diversity may be measurable with more 
precision but is at most indirectly linked to the problems that might occur in the future. 
 
Quantified Risk Assessment 
All six members of the group filled out forms that quantified the level of reduction in fitness 
anticipated to occur over a 50-year period as a consequence of homogenization in the Cedar 
River system.  The averages of these estimates were as follows: a 60% chance of a 0-10% 
reduction, a 31% chance of a 10-20% reduction, and a 10% chance of a 20-30% reduction.  
There was some variation among individuals in the anticipated impact, and the assumptions upon 
which the estimate was made.  Scientist D projected the lowest level of reduction (80% chance 
of a 0-10% reduction), under the assumptions that the weir collecting adults would be located in 
the lower part of the river and that there would be a “disconnect between adult collection date 
and fry release site,” including the possibility that all hatchery fry would be released from the 
lower river.  Scientist B projected a 70% chance of a 0-10% reduction in fitness.  He assumed 
that any existing population structure is weak and has “low biological significance” but noted 
that there is “major uncertainty [regarding] whether true genetic structuring exists.”  Scientist A 
also projected a 70% chance of a 0-10% reduction in fitness, under the assumption that the 
“hatchery operation is conducted as planned, especially in terms of release site.”  Scientist E 
projected a 50% chance of a 0-10% reduction and a 41% chance of a 10-20% reduction, under 
the assumption that “some population structure exists that bestows real fitness benefits and 
would continue to develop in the absence of a hatchery program.”  Scientist C projected a higher 
level of reduction in fitness than these three scientists (70% chance of a 10-20% reduction), and 
he assumed (among other things) that “population structure currently exists along spatial and 
temporal patterns” and that there are “co-adapted loci with strong heritability.”  Scientist F 
projected a slightly higher level of reduction than Scientist C (80% chance of a 10-20% 
reduction), and wrote, “I believe the up-river population will retain its genetic integrity but low 
and middle sections are likely to be impacted.  If the majority of the releases occur in the lower 
river then recruitment to the upper portion may decrease over time.”  
 
Five of the six members of the group filled out forms that quantified the level of reduction in 
genetic diversity anticipated to occur as a consequence of homogenization in the Cedar River 
system.  The medians indicated a 10% chance of a 0-10% reduction, a 15% chance of a 10-20% 
reduction, and a 10% chance of a 20-30% reduction.  The distribution of estimates among the 
scientists was so skewed that these medians are difficult to interpret.  The averages of their 
values were not much more consistent: a 21% chance of a 0-10% reduction, a 27% chance of a 
10-20% reduction, a 16% chance of a 20-30% reduction, a 6% chance of a 30-40% reduction, a 
4% chance of reductions from 40-50%, 50-60%, and 60-70%, a 15% chance of a 70-80% 



Worst Case Analysis - Genetics 11 August 2004 

reduction, a 3% chance of a 80-90% reduction, and a 1% chance of a 90-100% reduction 
(Attachment 2).   
 
The variation among the five scientists (Scientist B did not fill out a form) in the estimated level 
of reduction was extreme for this issue, to the extent that the neither the median nor the average 
of the values is very representative.  Scientist D estimated the lowest level of effect, an 80% 
chance of 0-10% reduction, under the assumption that there is probably little if any existing 
structure but that the hatchery operation is highly likely to have a small effect.  Scientist F 
projected the next lowest level of effect (10% chance of a 0-10% reduction, 80% chance of a 10-
20% reduction, and 10% chance of a 20-30% reduction).  However, his notes indicated he 
regarded it as highly likely (80-90% probability) that homogenization of the populations would 
occur over 12 generations (about 50 years).  Thus his estimate of the effect (80% chance of a 10-
20% reduction) was a reduction in allelic frequency.  Scientist C made the assumption that 
“population structure currently exists along spatial and temporal patterns” and his estimates of 
the likely loss of “adaptive capacity” were greater than Scientist F’s.  Scientist E indicated a high 
degree of uncertainly about the level of change, recording probabilities from 0-10% all the way 
to 80-90% (Attachment 2).  Scientist A felt that any measurement of genetic diversity among 
possible subpopulations within the Cedar River would decrease 70-80% as a result of hatchery 
operations, but because the level of genetic differentiation can be expected to be quite low, this 
would have very little impact on the population as a whole in terms of fitness loss.    
 
Summary of Homogenization Effect 
Discussions of the possible effects of the hatchery on existing or future genetic population 
structure within the Cedar River system reflected uncertainty as to whether any such structure 
exists and whether it has any biological significance.  However, to adopt a “worst case scenario,” 
the group made the assumption that such structure exists and indeed has a positive influence on 
the fitness of sockeye salmon in the river system.  It was further assumed that hatchery practices 
(collection of adults, breeding, and distribution of fry) would indeed tend to homogenize the 
population.  Given these assumptions, the group felt that there is a real chance of a reduction in 
fitness (averaged as a 90% chance that the reduction would be between 0 and 20% and a 10% 
chance that it would be 20-30%; Attachment 1).  The group was unanimous in estimating that the 
most likely level of reduction would be between 0 and 20% (that is, no higher level was 
considered very likely).  However, much more uncertainty was reflected in the assessment of the 
likely reduction in genetic diversity.  There was really no consensus within the group as to this 
effect.   
 

Domestication 
The third major issue under discussion by the group was the process of domestication.  As with 
the other topics, our approach was to discuss the subject first, then consider how to measure the 
effects, and then conduct individual assessments of risk.  The fundamental concern is that 
sockeye salmon taken for breeding in the hatchery will be exposed to selective forces that differ 
from those operating on salmon in the Cedar River system, and (most importantly) that these 
forms of selection will reduce the ability of their offspring to successfully reproduce in the river 
when they return.   
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Domestication selection was recognized as a genetic process by which animals in culture evolve 
differences from their wild parents or ancestors.  This is distinguished from differences between 
wild and cultured animals (e.g., salmon in hatcheries) that result from learning (e.g., feeding near 
the surface) or environmental induction (e.g., differences in size or growth rate).  The selection 
that causes these genetic differences can be direct and deliberate or indirect and inadvertent.  For 
example, some hatcheries deliberately select early arriving fish for breeding, and this can result 
in a rapid change in the average date of return and maturation by the population.  It is clear from 
a variety of documents that the people designing the Cedar River sockeye salmon hatchery and 
its oversight committees are determined to avoid this phenomenon and other forms of direct 
selection for traits in the hatchery.  Therefore, the group operated under the assumption that the 
forms of selection that might result in domestication would be largely indirect and inadvertent.   
 
Inadvertent domestication selection seems to operate primarily at two phases in the life history of 
salmonids, adult and juvenile, and most research has been conducted on the latter phase.  
Experimental evidence indicates that behavior patterns such as predator avoidance and 
aggression are under partial genetic control, and the regimes of selection operating on a hatchery 
population will differ from those operating on a wild population.  These differences may 
contribute to the differences in productivity of wild and hatchery fish breeding under natural 
conditions.  The extent to which these processes operate probably depends on the extent to which 
the juvenile fish are reared under artificial conditions.  The longer they are held, the more likely 
it is that such selection will occur.  The Cedar River hatchery is designed to minimize the period 
of juvenile rearing prior to release, and so the process of domestication selection on juveniles is 
likely to be very slight.  However, to the extent that the rearing is protracted, this concern 
increases.   
 
In addition to forms of domestication selection operating on juveniles, there are inescapable 
processes related to breeding in the hatchery.  When salmon return from the ocean to breed, the 
sexes have well-defined roles in the reproductive process that are innate, as there has been no 
opportunity for learning or practice.  Females choose suitable nesting sites based on criteria such 
as water depth, velocity, size of the substrate, areas of upwelling groundwater, and other physical 
traits.  Choice of a poor site can reduce the survival of embryos, so natural selection is constantly 
culling individuals from the population that make poor choices.  Females that would have made 
poor choices are indistinguishable by humans from those that would have made good choices, so 
a hatchery in effect relaxes selection on the ability to choose a good nest site.  In addition to the 
choice of a nesting site, there are other behavior patterns by females that affect reproductive 
success.  The female must compete with other females for the best sites, dig a series of egg 
pockets and determine when each is ready for egg deposition, choose among the available mates, 
complete spawning, bury the fertilized eggs, and defend the redd vigorously.  None of these 
behavior patterns occur in a hatchery and no human can discern which females would be most 
adept at these essential skills.   
 
Likewise, male salmon differ in traits associated with sexual selection, including size of the 
teeth, length of the jaws, body depth, color, and aggression.  These traits are involved in male 
competition and female choice, and they may signal that the male possesses traits that are of 
fundamental importance such as the ability to forage successfully at sea.  The combined 
processes of choice and competition between the sexes result in a complex breeding system that 



Worst Case Analysis - Genetics 13 August 2004 

has been described by a variety of studies using behavioral observations and genetic parentage 
analysis.  Hatchery staff may employ a specific breeding scheme regarding how many males and 
females have their gametes mixed together, and how fish are selected for breeding, but no 
scheme can perfectly mimic the processes that would occur in a wild population.   
 
There does not seem to be any study that has teased apart the processes of domestication 
selection during adult and juvenile phases of the salmon life history that would specifically allow 
us to project the rate at which these processes would occur and their effects on the fitness of 
sockeye salmon under a hatchery regime such as is planned for the Cedar River.  Indeed, to our 
knowledge no study has been conducted demonstrating genetic differences between wild and 
hatchery populations of sockeye salmon that would be directly comparable for either phase. 
 
We reviewed models that have been created to estimate the roles of four important processes in 
domestication selection: (1) the intensity of the domestication selection, (2) the length of time 
that the fish are held in the hatchery (i.e., juvenile residence time), (3) the rates of gene flow 
between the wild and hatchery populations and the proportion of fish in the combined population 
that are bred in the hatchery, and (4) the length of time (in generations) that the hatchery 
operates.  Two complementary models of domestication were discussed.  The first was that of 
Lynch and O’Hely (2001), who considered domestication to be the product of two phenomena: 
(1) relaxation of selection in the hatchery of characteristics selected against in the wild, and (2) 
selection for characteristics in the hatchery that are selected against in the wild (antagonistic 
selection).  Depending on the degree of relaxation assumed, a substantial genetic load due to 
relaxation can build up, even over the expected 50-year duration of the Cedar River hatchery 
operation.  For discussion of antagonistic selection another model was introduced, that of Ford 
(2002).  This model has been used extensively by the Hatchery Scientific Review Group (2003) 
in developing hatchery guidelines.  This model demonstrates that the equilibrium value of a trait 
will be between the optimal values of hatchery and natural populations. The exact value of the 
equilibrium trait will depend on the ratio of the proportion of natural-origin fish incorporated into 
the hatchery broodstock each year, and the proportion of hatchery-origin fish on the spawning 
grounds.  It can be shown using the Ford model that the equilibrium trait value will be 
intermediate between the two optima if these two gene flow levels are equal.  The equilibrium 
value will be closer to the natural optimum if the proportion of natural-origin fish in the 
broodstock exceeds the proportion of hatchery-origin fish on the spawning grounds.  Controlling 
these gene flow rates is problematic.  In the Cedar River program, where the intent is for both 
natural spawners and hatchery broodstock to have the same natural-origin:hatchery-origin 
composition, keeping equilibrium trait values closer to the natural optimum requires that 
hatchery-origin fish make up less than 50% of the run.  The perception of the risk of 
domestication by the workshop participants was strongly influenced by their perception of the 
proportion of hatchery-origin fish among the spawning adult salmon in the future. 
 
Having considered the processes by which domestication selection might occur, and the virtual 
impossibility of preventing it, the group considered how its effects might be measured.  This 
discussion was closely linked with the discussions held earlier regarding straying and 
homogenization of populations.  Specifically, the group concluded that the important trait is the 
number of offspring produced by naturally spawning fish in the system.  This would be measured 
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in the same manner as the homogenization of Cedar River subpopulations, and would be subject 
to the same kinds of technical and statistical problems.   
 
Because the ratio of wild and hatchery-origin fish in the composite population is a very 
important part of the models (and something that can be accurately measured), there was 
considerable discussion of the “worst case scenario” in this aspect of the sockeye salmon 
population.  The group was aware of the possibility that the vagaries of survival might 
occasionally result in ratios skewed toward hatchery-origin fish, and also that humans might feel 
pressure to increase the production from the hatchery if the abundance of wild fish declined.  
However, the quantified estimates of the level of change that might be expected in the population 
were based on the assumption that the hatchery protocols (a running average of no more than 
50% of the adults returning to spawn being of hatchery origin).   
 
Quantified Risk Assessment 
The assessment of risk in terms of reduced reproductive success of naturally spawning sockeye 
salmon over a 50-year period was similar to that related to the possible homogenization of the 
population.  The medians of the values reported by the six scientists were a 65% chance of a 0-
10% reduction, a 29% chance of a 10-20% reduction, and a 3% chance of a 20-30% reduction.  
The assumptions underlying these assessments were generally that the hatchery would operate as 
planned, producing 34 million fry.  Scientist B, for example, listed as assumptions that the 
“number of natural-origin adults returning to the Cedar River will be greater than the number of 
hatchery-origin adults” and that “domestication will only affect those traits associated with 
reproduction, egg incubation, and fry emergence.”  Scientist A likewise assumed that the 
“hatchery operates as planned, especially in terms of rearing time.”  However, Scientist F 
assumed that there would be a mix of unfed and fed fry, and he noted that “the more prolonged 
the rearing period the greater the effect,” and Scientist D assumed that “fry rearing [will be] 
limited to 2 weeks.”   
 
Summary of Domestication  
The scientists agreed that this is an issue where some change in the regimes of selection is likely 
if not inevitable, especially regarding adult traits associated with reproduction.  The extent to 
which the selection regimes affecting juveniles will change will depend on how the hatchery is 
operated.  The environment for embryo development and emergence will differ from a natural 
one.  Prolonged rearing in the hatchery would be likely to affect the fitness of the population but 
it was assumed that this would not take place.  The difficulty lies not in determining that the 
selection regimes will change but in estimating how much these changes will actually affect the 
fitness of the population.  Definitive, relevant studies on the subject have not been conducted and 
so the group made its interpretations on the basis of models, general knowledge of salmonid 
biology and genetics, and the patchwork of studies on the subject.  We concluded that there was 
a high probability that the reduction in fitness would be between 0 and 20%, under plausible 
worse case scenarios.   
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Additional Considerations 

Any interpretation of the deliberations of the group should bear in mind several things.  First, the 
process of quantifying risk assessments depends strongly on what is assumed in terms of both 
underlying biology and future human behavior.  In this case, the scientists were not given a 
uniform set of assumptions for each topic.  They were free to make their own assumptions, and 
so the risk analysis might have had different results if other things had been assumed.  Second, 
there was some degree of arbitrariness in the levels of risk, and the assessments were made on 
the spur of the moment by each individual.   
 
In addition to considerations about how the assessments were made, it is important to remember 
that the topics were considered one at a time rather than in concert with each other.  It is unclear 
how the combined effects of population structure, homogenization, and domestication selection 
might operate.  We did not discuss such interactions among effects, so it is not reasonable for 
those reading this report to assume that the effects would be additive, compensatory, or make 
any other assumptions about their interactions.  In the same vein, we did not specifically address 
interactions between genetics effects on the populations and the effects of other processes such 
as fisheries, competition for food in the lake, or changing environmental conditions.  We caution 
readers against drawing any conclusions based on combinations of this report and other risk 
assessment reports.   
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Attachment 1.  Levels of reduction in reproductive success predicted to occur under plausible worst case scenarios associated with the 
Cedar River sockeye salmon hatchery, as recorded on the basis of discussions on April 29, 2004. 
 

  Levels of Impact 
Topic Scientist 0 – 10 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70 70 - 80 80 - 90 90 - 100

Domestication selection A 80 15 5 0 0 0 0 0 0 0 
 B 90 10 0 0 0 0 0 0 0 0 
 C 20 80 0 0 0 0 0 0 0 0 
 D 85 15 0 0 0 0 0 0 0 0 
 E 49 42 9 0 0 0 0 0 0 0 
 F 10 80 10 0 0 0 0 0 0 0 
 average 56 40 4 0 0 0 0 0 0 0 
 median 65 29 3 0 0 0 0 0 0 0 
Homogenization  A 70 20 10 0 0 0 0 0 0 0 
 B 70 15 15 0 0 0 0 0 0 0 
 C 20 70 10 0 0 0 0 0 0 0 
 D 80 15 5 0 0 0 0 0 0 0 
 E 50 41 9 0 0 0 0 0 0 0 
 F 10 80 10 0 0 0 0 0 0 0 
 average 50 40 10 0 0 0 0 0 0 0 
 median 60 31 10 0 0 0 0 0 0 0 
Straying to beaches A 90 5 5 0 0 0 0 0 0 0 
 B*           
 C 50 30 20 0 0 0 0 0 0 0 
 D 10 30 30 20 10 0 0 0 0 0 
 E 5 45 45 5 0 0 0 0 0 0 
 F 65 32 3 0 0 0 0 0 0 0 
 average 44.0 28.4 20.6 5.0 2.0 0 0 0 0 0 
 median 50 30 20 0 0 0 0 0 0 0 
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  Levels of Impact 
Topic Scientist 0 – 10 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70 70 - 80 80 - 90 90 - 100

Straying to Bear Creek A 90 5 3 2 0 0 0 0 0 0 
 B 100 0 0 0 0 0 0 0 0 0 
 C 40 40 20 0 0 0 0 0 0 0 
 D 95 5 0 0 0 0 0 0 0 0 
 E 95 5 0 0 0 0 0 0 0 0 
 F 97 3 0 0 0 0 0 0 0 0 
 average 86 10 4 0 0 0 0 0 0 0 
 median 95 5 0 0 0 0 0 0 0 0 

* This scientist did not provide a prediction for this topic. 
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Attachment 2.  Levels of reduction in genetic diversity or change in allele distribution predicted to occur under plausible worst case 
scenarios associated with the Cedar River sockeye salmon hatchery, as recorded on the basis of discussions on April 29, 2004. 
 
  Levels of Impact 
Topic Scientist 0 -10 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60 60 to 70 70 - 80  80 - 90 90 - 100 
Homogenization  A 0 0 0 0 0 5 10 70 10 5 
 B*           
 C 10 30 50 10 0 0 0 0 0 0 
 D 80 15 5 0 0 0 0 0 0 0 
 E 5 8 16 21 20 13 8 5 4 0 
 F 10 80 10 0 0 0 0 0 0 0 
 average 21 26.6 16.2 6.2 4 3.6 3.6 15 2.8 1 
 median 10 15 10 0 0 0 0 0 0  
Straying to beaches A 90 10 0 0 0 0 0 0 0 0 
 B*           
 C 60 20 20 0 0 0 0 0 0 0 
 D 10 20 30 25 10 5 0 0 0 0 
 E*           
 F 7.5 85 7.5 0 0 0 0 0 0 0 
 average 41.9 33.8 14.4 6.3 2.5 1.3 0 0 0 0 
 median 35 20 13.75 0 0 0 0 0 0  
Straying to Bear Creek A 90 5 5 0 0 0 0 0 0 0 
 B*           
 C 20 50 20 10 0 0 0 0 0 0 
 D 80 15 5 0 0 0 0 0 0 0 
 E 92 8 0 0 0 0 0 0 0 0 
 F 97 3 0 0 0 0 0 0 0 0 
 average 75.8 16.2 6 2 0 0 0 0 0 0
 median 90 8 5 0 0 0 0 0 0 0
* This scientist did not provide a prediction for this topic. 
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Supplemental Evaluation:  Estimates of Straying to Bear Creek 
 

Dr. Thomas Quinn 
 

Some level of straying is expected in salmon populations.  However, evidence indicates that the 
rates of straying by hatchery-produced fish from the Cedar River to Bear Creek (and by 
extension, other tributaries at the north end of the lake) are very low.  WDFW examined otoliths 
from 1,219 Bear Creek sockeye salmon from 1998, 1999, and 2000 and did not find a single fish 
with the distinctive marking patterns that would have identified it as a hatchery fish from the 
Cedar River (Fresh et al., 2001).  The marking technique and ability to detect marks are not in 
question, so the conclusion is that Cedar River hatchery fish must have composed, at most, a 
very small proportion of the spawners in Bear Creek in those years.  The workshop participants 
felt that a few strays may have been missed by chance, so the true level of straying from the 
Cedar River to Bear Creek was not assumed to be zero for worst case conditions, but it is 
probably on the order of 1% or less.   
 
The Cedar River produces about 10 times as many adult sockeye salmon as does Bear Creek.  
Thus if 1% of the Cedar River sockeye strayed, they would constitute on the order of 10% of the 
sockeye in Bear Creek.  If the Cedar River population grew even larger as a consequence of the 
hatchery, even this small percentage of strays from the Cedar River might constitute enough 
strays entering the Bear Creek subpopulation to pose some risk.  After the workshop concluded, I 
conducted a more extensive evaluation, based on WDFW data provided by Steve Foley to SPU 
including counts of adult salmon in the Cedar River and Bear Creek.  I attempted to refine the 
estimate of the straying rate of sockeye salmon from the Cedar River into Bear Creek, rather than 
assuming the 1% figure is correct.   
 
I considered the question, “If over 1,000 adult salmon were examined in Bear Creek and no 
hatchery-marked fish were found, how large might the true fraction of marked fish have been?”  
For example, if the true fraction of marked fish were 10%, then one would expect to find 100 
marked fish in a sample of 1,000.  However, by chance one might find 90 or 110, or even 80 or 
120 marked fish.  Therefore, how likely is it that one might find zero marked fish in a sample of 
1,000, given the true fraction of 10%?   
 
My analysis indicated that if the true number of marked fish in Bear Creek was 4 or more in the 
sample of 1,219 examined by WDFW, then it is likely (based on tables of statistical probabilities 
and accepting a 5% chance of being wrong) that at least one marked fish would have been found.  
I therefore concluded that the true fraction of marked fish in Bear Creek could have been no 
more than 0.003, or 0.3%.  I then attempted to estimate what this number might translate to as a 
percentage of the Cedar River run in those years.  This was complicated by the fact that not all 
Cedar River fish were marked (i.e., some were wild).  There are good estimates of the proportion 
of marked fry, but if the hatchery fish survive at lower rates than the wild fish, those numbers 
would tend to minimize the apparent straying rate.  To be conservative (i.e., tend to err on the 
side of overestimating the magnitude of straying from the Cedar River, hence overestimating the 
magnitude of the problem), I assumed that the survival rate of hatchery fry was only 0.4 times 
that of wild fry.  This assumption was used to estimate the number of marked salmon that might 
have been present in Bear Creek at different levels of hypothesized straying.  These figures lead 
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to the estimate that, averaged over the three years of samples (1998, 1999, and 2000), the 
maximum rate of straying from the Cedar River into Bear Creek was 0.21% of the Cedar River 
population.  Higher levels of straying would be inconsistent with the absence of marked fish 
detected in the samples examined by WDFW.  The actual level of straying was probably less 
than 0.21%, but for purposes of subsequent analysis a figure of 0.2% is used. 
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Worst Case Analysis Workshop:   
Predation-Competition Report 

 
Group Topics. 
1. Competition with other species or stocks for food supply in Lake Washington 
2. Predation 
 
Participants (Panel Members) 
Dave Beauchamp (UW-USGS) 
Dave Seiler (WDFW) 
Roger Tabor (USFWS) 
Jonathon Frodge (KC) 
Daniel Schindler (UW) 
Kurt Fresh (NOAA Fisheries) 
 
Facilitator 
Sarah McKearnan 
 
Recorder 
Paul Faulds 
 
Observers 
Bruce Bachen (SPU) 
Michael Kern (LLK) 
Molly Adolfson (SEPA Consultant) 
Judith Noble (SPU SEIS Manager) 
 

Approach for the Competition and Predation Analysis 
  
Topics addressed during workshop 
The ecological concerns focused on how the proposed sockeye salmon hatchery might affect 
predation and competition effects on juvenile sockeye or Chinook salmon in the Cedar River and 
Lake Washington, including the Ship Canal between Union Bay and the Hiram Chittenden 
Navigation Locks. SPU and Dave Beauchamp developed an initial list of worst-case scenario 
topics and the underlying assumptions prior to the workshop: 
 
1. Predation on juvenile Chinook in Lake Washington during February through July. 
2. Predation on juvenile sockeye in Lake Washington throughout the year. 
3. Predation on age 0-1 smelt in the lake throughout the year. 
4. Predation on Chinook fry and smolts in the Cedar River. 
5. Predation on naturally reproduced sockeye fry in the Cedar River. 
6. Competition for food between juvenile hatchery and wild sockeye salmon in Lake 

Washington throughout the year. 
 
The panel discussed these topics in terms of relative importance and whether some should be 
removed or others added to the list. The final list of topics was prioritized to facilitate efficient 
discussion and to ensure that the most critical topics were discussed first. Based on this initial 
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screening, predation on smelt was removed as a topic for direct discussion, but the effect of 
cyclic smelt abundance was considered as a factor that could mediate predation effects on 
juvenile salmon.  
 
Response variables used to assess impacts 
For each remaining topic, the panel discussed and selected the most appropriate response 
variable (e.g., a percentage change in the survival rate of juvenile salmon) for determining 
impact, based on biological relevance to the populations of interest, conceptual clarity, and 
measurability. The panel agreed that the most appropriate response variable for assessing impact 
would be the percentage change in survival of juvenile sockeye or Chinook salmon that could 
result from the new hatchery operations under “worst-case” conditions, compared to current 
baseline conditions. Although survival rates cannot be measured directly for juvenile Chinook 
and sockeye salmon in the Cedar River, or for Chinook salmon in Lake Washington, reasonable 
indirect measures of survival can be estimated to provide useful indices of measurable changes in 
relative survival in the Adaptive Management Plan. Indices of survival for both sockeye and 
Chinook salmon in the Cedar River can be calculated by dividing the abundance of juvenile 
salmon at the migrant trap by either the estimated egg deposition (fry/egg ratio) or number of 
spawners (fry/spawner ratio). Lake-phase survival for juvenile sockeye salmon can be estimated 
by dividing the estimate of fry entering the lake (from migrant trapping) by the abundance of 
pre-smolts estimated from the annual hydroacoustic-midwater trawl surveys during the end of 
March. Unfortunately, survival of sockeye pre-smolts cannot be estimated from the end of March 
until the smolts pass through the Locks by the end of May. No method currently exists for 
directly estimating survival of juvenile Chinook salmon during lake residence. Adult returns 
could potentially be used as a secondary index of freshwater survival, but will include the 
additional confounding factor of interannual variability in marine survival rates that cannot be 
separated from freshwater processes. 

 
General assumptions used for worst case analysis 
The potential impacts of predation and competition were evaluated by applying a combination of 
existing information, theory, and expert opinion to a prescribed set of “worst-case” conditions to 
predict how survival would differ from current conditions. Basic underlying assumptions for 
each worst-case scenario were discussed, clarified, and modified, and new assumptions were 
included if necessary.  The current annual production of up to 17 million sockeye fry by the 
interim hatchery (i.e., the mid-1990s to 2004) was considered the existing baseline condition 
from which the panel predicted potential “worst-case” impacts imposed by new hatchery 
operations. The worst-case scenario assumed that the new hatchery would produce the maximum 
capacity of 34 million sockeye salmon fry per year. In extremely rare circumstances, natural fry 
production in the Cedar River could presumably be 25% greater than the highest production level 
recorded to date, thus leading to a combined total of 80-85 million wild and hatchery fry 
migrating down the Cedar River. Under the current interim hatchery, most hatchery fry migrate 
down the Cedar River several weeks earlier than wild fry. The worst-case analysis considered the 
effects of a shift in peak migration timing by hatchery fry to coincide with peak migration of 
naturally spawned fry.  
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Worst case assumptions for competition analysis 
Some worst-case conditions for competition scenarios differed from those for predation 
scenarios. Competition would be most severe when the abundance of potential competitors (e.g., 
sockeye salmon fry and age-1 pre-smolts, threespine sticklebacks, and age-1 longfin smelt) was 
maximized (Beauchamp 1996; Beauchamp et al. 2004b). Therefore, the worst-case scenario for 
competition assumed that: 

 
1. A combined 80-85 million wild and hatchery sockeye salmon fry migrated to the lake 

with coinciding peak lake-entry times by both hatchery and wild fry (this assumes that 
the proposed lower incubation temperatures for hatchery fish would delay their 
outmigration to coincide with outmigration timing of wild fry). The interim sockeye 
hatchery cannot provide the colder natural temperature regime experienced by naturally 
spawned embryos. Consequently, hatchery fry migration currently peaks 3-4 weeks 
earlier than wild fry. The worst case scenarios assumed that improved temperature 
control under the new hatchery would shift peak hatchery migration later to coincide with 
the peak for wild migrants. 
 

2. The co-occurring cohort of age-1 sockeye salmon pre-smolts were also generated from 80 
million fry from the previous year, and experienced an annual lake-phase survival rate of 
8% (the maximum fry-pre-smolt survival rate from a range of 4-8% estimated for 2001-
2002 and 2002-2003; Beauchamp et al. 2004a). Thus, 6.4 million sockeye pre-smolts co-
occurred with 80-85 million fry and fed on the same forage base. 
 

3. Large populations of sockeye fry and pre-smolts also coincided with relatively high 
abundances of competing planktivores: 4 million threespine sticklebacks, and 15 million 
age-1 longfin smelt (representing high abundance from a strong year class of age-1 
smelt).  
 

4. The timing and abundance of Chinook and coho salmon released from the Issaquah 
Hatchery1 would not differ from current levels. 

 
Worst case assumptions for predation analysis 
In contrast, higher abundance of these small-bodied fishes, particularly longfin smelt, reduced 
predation on sockeye salmon (Beauchamp 1994; Nowak et al. in press; Mazur 2004). Therefore, 
the worst-case predation scenarios assumed that:  
 

1. The combined maximum production of 80-85 million wild and hatchery sockeye fry 
entered the lake with coinciding peak migrations.  
 

                                            
1 The UW Hatchery releases far fewer smolts than the Issaquah Hatchery, and the UW Hatchery is “downstream” of 
the lake and Cedar River. UW Hatchery fish would contribute to predator buffering/attraction effects in the Ship 
Canal. However, since their timing overlaps with the outmigration of other wild and hatchery smolts, no special 
consideration was afforded them. 
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2. Significantly lower numbers of sockeye pre-smolts (e.g., 1.0 million), threespine 
sticklebacks (1.0 million), and age-1 longfin smelt (1.0 million) co-occurred in the lake 
during winter and over the subsequent year, thus providing fewer alternative prey for 
predatory fish. 
 

3. The timing and abundance of Chinook and coho salmon released from the Issaquah 
Hatchery would not differ from current levels. 
 

Analysis process used during workshop 
Analysis of each topic began with a brief presentation of the theoretical mechanisms driving 
predation or competition, identification of any important mediating factors, and a summary of 
relevant published or unpublished data specific to the Cedar River-Lake Washington basin. The 
panel was asked to predict how the response variable might change under the worst-case 
scenarios in comparison to current existing conditions.  
 
For each topic, the discussion leader presented an example set of predictions about how survival 
might change under the worst-case scenario and the underlying rationale for these predictions. 
These “straw-horse” predictions were used to stimulate discussion about appropriateness of how 
responses were conceptualized and to elicit initial predictions of worst-case responses from the 
other members of the panel. After discussion and potential modification of the original “straw 
horse” prediction, each panelist added their own prediction of how the response variable would 
change under the worst-case scenario. Each panelist provided a point estimate of the most likely 
change in response (e.g., a net positive or negative impact), and drew a line that represented the 
direction and range of potential responses around the point estimate. These lines indicated the 
range of uncertainty from each panelist, based on current knowledge of the system, the perceived 
level of either ambient variability in the system, or potential environmental trends that would be 
beyond the control of the hatchery management plan (e.g., global warming, continued land 
development, etc.).  
 
Worst-case effects of the hatchery were categorized into neutral, minor, medium, and major 
impacts. Neutral impacts would show no biologically significant change on the population of 
interest. Minor impacts could involve small positive or negative shifts in the response variable, 
but would have no lasting biological impact on the population. Medium impacts could result in 
moderate and perhaps lasting biological effects (e.g., a reduced or expanded population). Major 
impacts would represent large, lasting changes in the populations, including extinction. 
 

Predation 
 
Both direct and indirect effects of increased hatchery production of sockeye salmon fry on 
predator-prey interactions were considered in the Cedar River, Lake Washington, and the Ship 
Canal. Increased hatchery production could affect predator-prey interactions in a variety of ways. 
First, more hatchery fry could serve as “predation buffers” by absorbing some of the existing 
predation pressure, thus increasing survival by wild sockeye and Chinook salmon in the river or 
the lake. Alternatively, a larger and more consistent seasonal influx of hatchery fry could 
increase predation by either attracting more of the existing predator population to key 
interception points when juvenile salmon were especially vulnerable (i.e., to the Cedar River or 
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Ship Canal during juvenile salmon migrations) or by increasing predator abundance through 
enhancing their reproductive success (termed a “numerical response”).  
 
Increasing predators through attraction or reproduction could increase predation and reduce 
survival for either wild sockeye or Chinook salmon. However, to stimulate higher reproductive 
success by predators, juvenile sockeye salmon must represent a significant fraction of the energy 
budget for the predators, such that increased predation in response to higher hatchery production 
would increase gonadal investment, or increased juvenile survival and recruitment by the 
predator populations. Because sockeye salmon currently contributed less than 10% of the annual 
prey biomass consumed by cutthroat trout, northern pikeminnow, and other piscivores in the lake 
(Mazur 2004) and contributed even less to sculpin species in the Cedar River (Tabor et al. 1998, 
2004), the panel concluded that increased hatchery production of sockeye salmon would not 
increase predator abundance or biomass. However, the panel believed that the potentially 
conflicting effects of predation buffering and predator attraction were plausible responses to 
increased hatchery production of sockeye fry, and the net effects could differ between juvenile 
Chinook and sockeye salmon in the Cedar River, Lake Washington, or the Ship Canal. 
 
A habitat-specific juvenile life history table was developed to guide the panel discussion and 
summarize the predicted stage-specific responses of sockeye and Chinook salmon during the 
downstream migration and lake entry from the Cedar River, lake-rearing, and outmigration 
through the Ship Canal (Table 1). 
 
Table 1. Life stage-specific responses of juvenile Chinook salmon to potential worst-case impacts of 
competition and predation. 
 

Worst-case responses by juvenile 
Chinook salmon in the Cedar River 

and Lake Washington 

Competition 
Impacts 
(growth 

response) 

Predator Impacts (i.e. effects 
of buffering or attraction on 

survival) 

Lake entry Neutral Neutral (perhaps slightly 
negative)  

Early shoreline rearing Neutral Neutral 
Dispersal offshore – nearshore Neutral Neutral 
Outmigration (through Ship Canal) Neutral Neutral (perhaps slightly 

negative) 
 
Predation on juvenile Chinook salmon in the Cedar River during winter  
Sculpins, rainbow trout, and cutthroat trout are important predators on juvenile salmon in the 
Cedar River (Tabor et al. 2004). Predation on juvenile Chinook salmon fry survival in the Cedar 
River was more likely to be affected by the proposed delay in migration timing of hatchery fry 
than by an increase in fry abundance. Under current conditions, hatchery sockeye fry migrations 
overlap with the early peak in wild Chinook fry migration (Figures 1-2), and presumably provide 
a predation buffer for Chinook fry. This potential buffering effect on predation mortality might 
be reduced by shifting the migration timing of hatchery sockeye fry later in order to achieve a 
stated hatchery management objective of emulating the wild run timing. 
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The potential decline in survival due to a reduction in predation buffering might be moderated by 
both biological and environmental factors. Despite the shift to later peak migration by hatchery 
sockeye, increased hatchery production would still increase the abundance of the earliest portion 
of the hatchery run, coinciding with the early-emerging wild sockeye fry (Figure 1). The impact 
of less predation buffering would be dampened by the higher stream flows and low temperatures 
during February. Lower temperatures reduce predation by reducing activity and metabolic 
demands by predators, and higher flows reduce predatory efficiency by sculpins and salmonids 
feeding on fry in the Cedar River (Tabor et al. 1998, 2004; Seiler et al. 2001). Lake predators 
like northern pikeminnow and cutthroat trout were unlikely to be more attracted to the mouth of 
the Cedar River by higher sockeye fry production. For instance, although northern pikeminnow 
shifted toward the Cedar River during winter, they appear to be tracking the prespawning 
aggregation of adult longfin smelt rather than the immigration of juvenile salmon.  
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Figure 1. Wild (solid line) and hatchery (gray bars) sockeye fry migration timing from the Cedar 
River (top panel), and cumulative abundance entering Lake Washington (bottom panel) during 
2001. Peak hatchery migration precedes the wild peak by 3-4 weeks. Although not true in 2001, 
the abundance of hatchery sockeye fry can exceed wild fry during the peak Chinook fry 
migration in February (Figure 2) during some years (from Beauchamp et al. 2004).   
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Figure 2. Juvenile Chinook salmon enter the lake in two pulses (Upper panel) from both the 
Cedar River in the south and Bear Creek in the north via the Sammamish Slough. Chinook fry 
are consistently larger in the lake than in the streams (Lower panel). For comparison, sockeye 
fry average 32 mm FL in late March and 40 mm FL in early May. 
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Although the panel agreed that the worst-case scenario for predation would have neutral or minor 
impacts on Chinook salmon fry survival in the Cedar River, the panelists differed somewhat in 
the direction and magnitude of potential impacts (Figure 3). Frodge and Schindler predicted a 
minor reduction in Chinook fry survival due to reduced predation buffering if hatchery sockeye 
migration timing was shifted later. Their uncertainty was skewed toward a neutral impact. 
Beauchamp and Seiler predicted a neutral impact on survival with uncertainty skewed slightly 
toward improved survival. These predictions were based on the assumption that higher flows and 
cold temperatures would minimize the ability of predators to eat more Chinook fry, and that the 
ambient abundance of wild and hatchery sockeye fry would not change enough to reduce the 
predation buffer, despite a shift toward later peak migration by hatchery fry. Fresh and Tabor 
both predicted a neutral impact with symmetric, low levels of uncertainty. The overall 
assessment of the panel was characterized as neutral to minor predation impacts on Chinook fry 
survival in the Cedar River. 

 
 
Cedar River
Chinook Underlying Assumptions
Jonathon Frodge Timing of hatchery
Dan Schindler (Interim hatchery fry enter stream earlier and may currently buffer
Dave Beauchamp chinook fry during their migration)
Dave Seiler As fry numbers increase the buffering effect increases
Kurt Fresh 
Roger Tabor

Major - Medium - Minor - Minor +

Current Conditions

Medium + Major +
ImpactImpact Impact ImpactImpact Impact

 
 
Figure 3. Panelists’ worst-case predictions for how survival of Chinook salmon fry in the Cedar 
River would change in response to the new sockeye salmon hatchery. The consensus of the panel 
was that all impacts would be neutral or minor (<10% shift from the current survival rates). The 
vertical line indicates a neutral response. Survival improves to the right and declines to the left 
of the vertical line. The symbols represent each panelist’s prediction of the most likely impact, 
and the lines represent the direction (positive or negative) and range of uncertainty around each 
prediction.  
 
Predation on juvenile sockeye salmon in the Cedar River during winter 
All panelists agreed that a minor improvement in survival of sockeye salmon fry would result 
under the worst-case scenario, primarily in response to an increase in self-buffering against 
predation throughout the outmigration period in the Cedar River (Figure 4). In other words, the 
presence of more sockeye fry would buffer the fry against predation, such that a lower 
percentage of the population is consumed as fry abundance increases.  Uncertainty in these 
predictions was primarily skewed toward greater improvement in survival. 
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Figure 4. Panelists’ worst-case predictions for how survival of sockeye salmon fry in the Cedar 
River would change in response to the new sockeye salmon hatchery. 
 
Predation on juvenile Chinook and sockeye salmon in Lake Washington  
Again, the primary impact on juvenile Chinook salmon survival in the lake was predicted to be 
in response to increased spatial overlap with predators through attraction of predators to the more 
abundant hatchery sockeye fry, fingerlings, and smolts. Because juvenile Chinook and sockeye 
salmon rapidly segregate into different habitats during lake rearing, the influence of increased 
hatchery sockeye production would be confined to either nearshore zones in close proximity to 
the Cedar River mouth for immigrating and rearing Chinook fry, or through the Ship Canal for 
emigrating Chinook smolts. Chinook fry reside in shallow nearshore habitat in the southern third 
of the lake from February through early May (Tabor et al. 2004). In contrast, sockeye salmon fry 
migrate rapidly into open water habitat with only a small fraction of the migrants overlapping 
briefly with juvenile Chinook in nearshore habitats close to the Cedar River (Martz et al. 1996; 
Beauchamp et al. 2004). Small cutthroat trout and northern pikeminnow are relatively abundant 
in nearshore regions during the winter and will feed on juvenile salmon (Nowak et al. in press; 
Mazur 2004), but cold temperatures during this period would reduce consumption rates of the 
predators. Therefore, the panel agreed that higher sockeye fry production could potentially attract 
or retain more predators in nearshore habitats within several kilometers of the Cedar River mouth 
and potentially lead to a minor reduction in survival of Chinook salmon fry. The cyclic, 10-fold 
fluctuation in abundance of longfin smelt will have a much greater influence on predation 
mortality in both nearshore and offshore habitats during winter than any increase in sockeye fry 
abundance. 
 
A 25-100% increase in juvenile sockeye salmon was not expected to influence seasonal 
predation effects on either sockeye or Chinook salmon in offshore habitats when dispersed over 
the volume of a large lake, especially when compared to the 10-fold change in abundance of 
longfin smelt that cycles between even- and odd-numbered years. 
 
Sockeye smolts primarily migrate through the Ship Canal during May, whereas Chinook and 
coho smolts migrate during June and July.  More sockeye smolts could potentially attract and 
retain more predatory smallmouth and largemouth bass in and around the Ship Canal, which 
could potentially increase predation on Chinook smolts. However, during April-May, the 
Issaquah Hatchery releases millions of coho and Chinook smolts that feed in the lake and 
migrate through Ship Canal in June-July at abundances and body sizes that are comparable to the 
sockeye smolts. Therefore, under worst-case conditions, an increase in sockeye smolts would 
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have a neutral effect or perhaps a minor reduction in survival of Chinook smolts migrating 
through the Ship Canal. 
 
The panelists agreed that the worst-case impact of the sockeye hatchery would be neutral or 
perhaps a minor reduction in survival of both Chinook and sockeye salmon during lake rearing 
and migration (Figure 5). The primary impacts were attributed to attraction of more predators to 
localized regions near the Cedar River mouth and to a lesser degree in the Ship Canal. 
Uncertainty ranged from a minor negative to a minor positive impact on survival of both species.  
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Figure 5. Panelists’ worst-case predictions for how survival of juvenile Chinook and sockeye 
salmon would change in Lake Washington in response to the new sockeye salmon hatchery. 
 

Competition 
 
Increased hatchery production of sockeye salmon fry would increase consumption demand on 
zooplankton or other shared food resources. If food supply became limiting as a result, then the 
new hatchery could potentially create negative impacts by increasing competition, reducing 
growth, and potentially increasing mortality directly through starvation or indirectly by 
increasing vulnerability to predation because of smaller body size or debilitated condition. 
However, competition can only occur if a common food resource is limiting.  
 
In Lake Washington, juvenile Chinook salmon feed almost exclusively on chironomid pupae 
from February until mid-May (Koehler 2002), and grow more rapidly than either Chinook in 
stream habitats or sockeye in the lake during this period (Figure 2, lower panel).  Juvenile 
sockeye salmon feed primarily on cyclopoid copepods during winter and early spring, but also 
eat chironomid pupae when captured in nearshore habitats (Beauchamp et al. 2004a).  
 
Zooplankton densities in the southern half of the lake decline dramatically in mid-March through 
early April (Figure 6). Despite this seasonal decline in food, the largest recorded population of 
sockeye fry consumed less than 20% of the biomass of exploitable zooplankton available in the 
southern regions of the lake (Figure 7), where most planktivorous species were distributed during 
winter and early spring. When the Daphnia population increases in mid-May or early June, most 
planktivorous species switch to this abundant food source, and both sockeye and Chinook 
salmon feed heavily on Daphnia in offshore waters. As the seasons progress, other species 
consume as much or more zooplankton than juvenile sockeye (Figure 8). Yet despite the 
increased demand, the combined planktivore community only consumes <5% of the average 
monthly biomass of Daphnia during the May-November growing season (Beauchamp 1996, and 
unpublished data). 
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Figure 
6. Zooplankton in Area 5 (southern end of the lake) dominated by Cyclops during winter 2001. 
Cyclops densities declined markedly from early to mid-late March then rebounded in early April 
(from Beauchamp et al. 2004). 
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Figure 7. Different food supply and demand scenarios were examined during the early life 
history of sockeye salmon during 2001, when 52.4 million hatchery and wild fry, the largest 
recorded number in the history of the lake, entered the southern end of Lake Washington. The 
scenarios represented different survival and dispersal rates of fry which determined the size of 
the pool of zooplankton available for consumption. The circle indicates the most realistic 
scenarios, based on the observed distribution and survival of fry in the lake. During the greatest 
potential bottleneck in food supply, sockeye fry only consumed 10-15% of the biomass of 
exploitable zooplankton available in the southern end of the lake. (From Beauchamp et al. 
2004.) 
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Figure 8. During March-April, sockeye fry and pre-smolts were the most important zooplankton 
predators, but sockeye represented less than half of the total consumption demand during June-
September. The estimated total consumption demand by all planktivorous fishes and Neomysis 
represented approximately 50% of the exploitable zooplankton supply available in March and 
April, but less than 5% during May-November. 
 

Month
1 2 3 4 5 6 7 8 9 10 11 12Zo

op
la

nk
to

n 
co

ns
um

pt
io

n 
(k

g/
M

on
th

)

0

100000

200000

300000

400000

500000

Sockeye  
Sockeye Fry 
Smelt 
Stickleback 
Trout 
Perch 
Neomysis 



 

Worst Case Analysis - Predation 15 September 2004 

Due to the difference in habitat use and diet between juvenile Chinook and sockeye, and the 
rapid growth rate of Chinook salmon in the lake during winter and spring, juvenile Chinook 
salmon in the lake were unlikely to be affected by competition from the higher density of 
juvenile sockeye assumed under the worst-case scenario. Sockeye salmon were also not likely to 
be affected by increased competition. No evidence of density-dependent reduction in growth by 
sockeye fry or smolts was found over a 5-fold increase in fry abundance in the lake (10-52 
million fry) over the past decade (Figure 9). 
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Figure 9. No density dependent growth reduction is evident during either the first winter of 
growth for sockeye salmon fry or after a year of lake residence by pre-smolts (from Beauchamp 
et al. 2004). 
 

Caveats 
 
Although not direct consequences of the Cedar River Sockeye Hatchery, several factors need to 
be monitored because they could significantly change the impact of predatory or competitive 
interactions in the Cedar River and Lake Washington over the 50-year period of the Habitat 
Conservation Plan.  Long-term warming trends, increased human population density and 
consequent land development in the basin, invasions or introductions of non-native species, and 
changes in populations of other key species in the drainage could each have profound effects on 
survival and growth of salmon and other sensitive species and on water quality in the lake.  
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Therefore, the Adaptive Management Plan for the hatchery may need to adjust operations in 
response to these or other environmental or ecological changes in order to maintain some balance 
in the structure and function of the ecosystem. Some specific concerns are listed below. 
 

1. Lake temperatures have increased significantly over recent decades. Thermal increases 
could shift the timing of plankton blooms, fish migrations, spawning, and hatching, and 
could create or intensify thermal barriers to smolt or adult migrations. Warming could 
also reduce Daphnia biomass and productivity while increasing consumption demand on 
them by planktivorous fishes.  Competition for zooplankton would become a more 
important impact on salmon production, and lake clarity could become significantly 
degraded. As water clarity declines, predation on sockeye and other planktivorous fishes 
would also decline and potentially exacerbate the effects of competition and water 
quality. Although more juvenile sockeye might survive the lake-rearing phase under this 
scenario, the smolts would be smaller and severe marine mortality would likely cause a 
significant net decline in adult returns. 
 

2. Increasing land development and demand on water could further degrade spawning, 
incubation, and rearing capacity in the streams, limit access to migration corridors, and 
further degrade water quality in the lake. All of these processes would reduce production 
of sockeye and Chinook in the basin. 
 

3. Changes in key species (expanding abundance of predatory cutthroat trout, loss of longfin 
smelt or Daphnia, introductions of zebra mussels, whirling disease, exotic zooplankton or 
fish) could significantly alter predator-prey and competitive interactions in the basin. 
Cyclic fluctuations in smelt offer a prime example of this. Mortality on sockeye, smelt, 
and potentially other salmon has been significantly higher when weak year classes of 
smelt are present in the lake. These impacts occur from fall of odd-numbered years 
through the summer of even-numbered years. Smelt serve as an important buffer to 
predation on sockeye and other fishes. Smelt also control the abundance of Neomysis in 
the openwater regions where Neomysis might otherwise depress or eliminate Daphnia. 
Therefore, if the weak year classes of smelt are depressed further by increased predation, 
etc., profound impacts could affect everything from growth and abundance of top 
predators, salmon, zooplankton, and degrade water quality.  
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Report 
Worst-Case Scenario 

 
 Spawning Ground Competition and Chinook Salmon Redd Superimposition  

by Sockeye Salmon in the Cedar River 
 

Ernest L. Brannon, Committee Chair 
 
Session: Committee on spawning ground competition and sockeye redd superimposition 

on Chinook salmon redds.  
 
Objective: To develop the worst-case scenario in the Cedar River for: 

(1) Spawning ground competition between sockeye and Chinook salmon. 
(2) Chinook salmon redd superimposition by sockeye salmon.  
 

Committee: Committee members were:  
Ernie Brannon, Chair, Professor, University of Idaho 
Tim Essington, Professor, University of Washington 
Steve Foley, Biologist, Washington Department of Fish and Wildlife 
Dave Seiler, Biologist, Washington Department of Fish and Wildlife 
 
Facilitator: Linda DeBoldt 
Scriber: Brent Lackey 
Data consultant: Carl Burton 

 
Background: Sockeye salmon and Chinook salmon are sympatric throughout most of their 

range when associated with lacustrine systems.  Sockeye are usually very 
abundant because they use stream environments only for spawning and move to 
nursery lakes for the remainder of their freshwater residence.  Lake Washington is 
very productive, and the Cedar River sockeye fry hatchery program was 
established in the early 1990s to stabilize the run and help compensate for sport 
and Indian fisheries in Lake Washington that might have been affected by water 
diversion from the Cedar for the needs of the City of Seattle.  Plans are to expand 
the hatchery and increase sockeye production up to 34 million eggs annually.  
Chinook by contrast are a stream resident species during their freshwater period, 
and are limited by the productivity of the stream environment.  Consequently, 
Chinook salmon are in much lower numbers than sockeye.  Furthermore, Puget 
Sound Chinook are listed as threatened under the Endangered Species Act, 
including the Chinook in the Cedar River.  However, Chinook salmon from the 
Issaquah Hatchery in the Lake Washington basin including Lake Sammamish and 
Issaquah Creek also stray into the Cedar River, and may represent a significant 
proportion of the Cedar River population.  However, when examining the 
question of what potential impact sockeye can have on Chinook salmon in the 
Cedar River, it is not a comparison of sockeye versus no sockeye, but rather the 
effects resulting from the additional hatchery fish, or more specifically the 
difference between approximately 200,000 sockeye presently returning to the 
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system and 300,000 sockeye expected, including hatchery fish.  Our objectives, 
therefore, deal with increased sockeye production effects rather than the general 
sockeye effects on Chinook salmon.  

 
Situation: The observation that Cedar River sockeye salmon spawn in areas used by 

Chinook salmon, and actually superimpose construction of redds in areas 
overlapping Chinook redds, led to the concern that Chinook spawning success 
may be negatively impacted by sockeye.  Since sockeye are much more numerous 
than Chinook salmon in the Cedar River with many thousands of sockeye and 
only a few hundred Chinook, competition with sockeye for spawning sites and the 
effect of sockeye redd superimposition on Chinook redds were potential impacts 
of increased hatchery production.  The committee was formed to assess these 
potential problems. 

 
Worst-case (1)  The worst-case scenario considered for spawning ground competition  
definition: is when Chinook salmon are displaced from preferred spawning areas to 

secondary sites by an abundance of sockeye interfering with Chinook choices, and 
increased energy expenditure resulting in earlier death and reduced spawning 
efficiency of Chinook.   

 
(2)  The worst-case scenario for the impact of sockeye overspawning on Chinook 
redds was when large sockeye female digging would intrude into the egg pockets 
and destroy or excavate the eggs of the Chinook salmon. 

 
Approach: Assessment of the assigned responsibility was to examine the literature on subject 

matter, and to review the actual experience that committee members had on 
sockeye and Chinook salmon spawning activity.  Each of the committee 
participants and the data consultant had significant experience on the Cedar River 
with sockeye and Chinook salmon.  The committee first discussed the primary 
objectives of the session and decided on parameters for those objectives, and then 
under the worst-case scenario assessed what level of risk the increased level of 
sockeye production expected from the hatchery would have on spawning site 
competition and overspawning of Chinook salmon redds.  

 
Response (1)  Chinook salmon spawning ground competition response parameters  
parameters: associated with reduced Chinook salmon survival involved: 

(a) Increased energy expenditure guarding redds and early death. 
Metric was female redd “guarding” life. 

(b) Displacement from site to lesser site quality. 
Metric was site selection in presence and absence of sockeye. 

(c) Movement further upstream to avoid sockeye. 
Metric was Chinook distribution with sockeye density. 
 

(2)  Sockeye redd superimposition on Chinook redds response parameters 
associated with reduced Chinook egg and alevin survival were: 

(a) Surface overlap of sockeye redds on Chinook redd. 
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Metrics were (1) the percent overlap of redds, (2) the percent of 
females large enough to penetrate Chinook egg pockets.  

(b) Siltation increase. 
Metric was reduced egg survival. 

 
Basic   (1)  Competition for redd sites: 
assumptions:             (a)  Chinook are not displaced by sockeye through aggression,      

                              since they dominate on the spawning grounds. 
(b)  Chinook may move to areas where sockeye are not present, 

but their secondary site is no less effective than the primary site. 
(c) Chinook spawn at greater depth and velocity than sockeye. 
(d) Chinook are not displaced to poor quality sites because of interference 

by sockeye. 
(e) Scour susceptibility at secondary site does not appear greater than 

primary site, but uncertain of what difference there may be between 
sites. 

(f) Energy expenditure of Chinook is not very extensive in aggression 
toward sockeye.  Female Chinook are more assertive than males in 
defending sites, and males may chase sockeye males, but competition 
is primarily species-specific except perhaps by disturbance from sheer 
numbers of fish around the redd site of the Chinook. 

 
Discussion Potential effects of sockeye density on Chinook salmon site selection  
on  appear to be primarily a nuisance factor. Chinook dominate on the  
Competition: spawning grounds and do not make much of an effort to chase off sockeye  

compared to Chinook/Chinook interaction.  Also sockeye tend to avoid Chinook 
and show no aggression against Chinook.  Because Chinook spawn in deeper and 
faster water, they can easily avoid sockeye by moving to such locations without 
difficulty and without greater risk to Chinook egg survivability.  Chinook often 
spawn in areas not suitable for smaller fish such as sockeye.  Chinook appear to 
select different sites when sockeye are more numerous than in years when 
sockeye are less abundant, and therefore Chinook may be avoiding the annoyance 
of a large number of sockeye by moving to sites sockeye are not able to occupy.  
Energy expenditure by Chinook defending the female or the redd site was 
considered minor compared with the intraspecific interaction of Chinook. The 
parameter of Chinook distribution forced further upstream by sockeye density was 
discussed, but it was not considered as likely of a response as moving to deeper 
water.  Spawn timing is related to temperature, and sites tend to be specific for 
temperature reasons, with early fish spawning at locations different than later 
spawning fish.  This suggests that deeper or faster water would be the alternative 
for Chinook rather than moving upstream or downstream any distance to avoid 
sockeye density.  There was good agreement in the committee about the response 
parameters and in the level of potential risk under the worst-case scenario on both 
parameters considered. 
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(2)  Superimposition of Chinook redds by sockeye. 
(a) Redd depth is related to fish size. 
(b) Chinook redds are deeper than sockeye redds because of their greater 

size. 
(c) Chinook egg pockets contain large substrate that cannot readily be 

moved by sockeye. 
(d) The potential risk from disturbance of Chinook eggs is limited to the 

largest sockeye, and assumed to represent only 5% of the sockeye 
females. 

(e) A sockeye redd will constitute about 10-15% of the area occupied by a 
Chinook redd. 

(f) Average worst-case would be 2 to 3 sockeye redds on a Chinook redd. 
 
Discussion  Superimposition is a description of one salmon or trout creating a redd on  
on  top of another previously established redd.  Superimposition is when any  
Super-  part of the redd diameter overlaps with any part of another redd diameter, 
imposition: and consequently, damage to the first redd depends on the nature of the  

intrusion.  If no eggs are dislodged, there is still the possibility that silt will 
infiltrate around the eggs of the associated nest sites and result in some 
suffocation if the alevin stage is not reached or mobile enough to escape.   
While species differences exist in average redd depth, the primary factor 
responsible for spawning depth is fish size.  Based on size data provided by 
committee members, the smallest Chinook female is 1 standard deviation (15%) 
larger than the largest sockeye female.  Therefore, potential impact is limited to 
only the largest sockeye.  Chinook also dig deeper and in larger substrate, and the 
remaining cobble that defines the nest pocket is too large for sockeye to move 
easily, and thus provides a protective barrier to direct intrusion by sockeye 
digging activity.  Redd guarding life of the Chinook female also is a limiting 
factor.  Sockeye have been observed to move onto Chinook redds as soon as they 
are vacated, but Chinook eggs are not as susceptible to direct shock abuse after 10 
days of development, and female stream-life covers all or most of that period, 
which means that during most of the sensitive embryo development stage the eggs 
will be protected by the guarding female on the redd.  Once the female vacates the 
redd, mortality of eggs after that 10-day period will have to be from excavation 
rather than just disturbance.  Eyed eggs will be susceptible to loss by predation 
once out of the nest pocket, but alevins have the tendency to re-burrow in the 
gravel and remain hidden.  With the larger substrate that defines the nest pocket, 
the committee agreed that the risk to eggs and alevins would not be from shock 
abuse, and only a slight risk of excavation by large sockeye females.  Siltation 
was dismissed as a limiting factor because of the lack of silt observed from 
spawning fish. 

 
Committee (1) Competition for redd sites involved independent assessment of  
Assessment: the two parameters, (a) energy expenditure and (b) displacement, that the 

committee decided are most relevant to Chinook salmon survival reduction with 
the increased sockeye production planned from the Cedar River hatchery.  On the 
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first parameter (a), the committee agreed 100% that under the worst-case 
scenario, the influence of energy available for spawning by Chinook salmon 
would not be reduced significantly.  Reduced survival from energy expenditure 
was rated at 0 to 10% impact.  The second parameter (b), displacement of 
Chinook from preferred spawning sites by high sockeye densities, was also 
considered of low impact.  Chinook use sites not directly comparable to sockeye 
sites.  The possibility that Chinook would experience higher egg mortality if they 
were displaced varied among committee members, with assessments ranging from 
50 to 100% probability of a 0-10% impact, and 25 to 50% probability of a 10-
20% impact (Figure 1 and 2). 

 
 
       Figure 1     Figure 2 
 Energy Expenditure of Chinook   Displacement of Chinook 

Salmon Defending Redd Site    Salmon From Redd Sites  
      

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
    Percent Impact on Survival    
 
 
 

(2)  The superimposition of Chinook redds by sockeye spawning activity included 
only one parameter, after siltation was dismissed as a minor influence on 
incubation success.  The area of a Chinook redd superimposed by sockeye was 
considered 10 to 15%, and under worst-case scenario could involve 2 to 3 females 
which would be an estimated 31% of the Chinook redd surface area, times the 
percent of the sockeye females large enough (5%) to penetrate to the depth of the 
egg pockets of Chinook redds, giving a probability of impact at only 1.5%.  
Therefore, even if there were total egg mortality accompanying those intrusions, 
only a small proportion of the egg population would be affected.  The committee 
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was in agreement that the impact from redd superimposition would be minor and 
placed the probability between a 0 to 10% impact (Figure 3). 

 
 
         Figure 3. 

Impact of Chinook Redd Superimposition 
by Sockeye Redd Construction 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Percent Impact on Survival 
 
Summary: The members of the Committee on Spawning Ground Competition and  

Sockeye Redd Superimposition on Chinook Salmon Redds were in close 
agreement that increased sockeye abundance in the Cedar River would have low 
impact on Chinook salmon through spawning site competition or redd 
superimposition.  The minimal effect of sockeye on Chinook salmon productivity 
is confirmed by state enumeration data showing the year of highest sockeye 
spawning density coincided with the highest Chinook salmon fry survival in the 
river.  One committee member pointed out that predation of Chinook fry in the 
river, which was not covered in the subject matter of this session, appears to be 
diverted by predation on the more numerous and smaller sockeye fry.  So 
regarding sockeye impacts on Chinook salmon, there appears to be a low 
probability of any negative effects, and if there is a relatively low impact of 
sockeye, it appears that it would be compensated for by the positive effects of 
increased sockeye density in the Cedar River. 
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Domestication selection results from the differences in selective pressures operating on 
heritable traits affecting the survival and reproductive success of salmon in the 
hatchery and natural environments. How these differences affect the reproductive 
potential of hatchery origin salmon in the natural environment has been the subject of 
ongoing research. Interpretation and application of research results is complicated by 
the variety in culture programs and species associated with hatcheries. Berejikian and 
Ford (2004) cite three main factors that are expected to influence the mean relative 
fitness of a hatchery population in the natural environment: 1) the origin of the 
hatchery population, 2) the number of generations the population has been 
propagated artificially and 3) the way in which the population has been propagated. 
Reisenbichler (in Nickum et al. 2004) stated “Incomplete knowledge clearly is one 
source of uncertainty. For example, data showing domestication or reduced (genetic) 
fitness of hatchery fish for natural production is limited and almost entirely from 
steelhead. More definitive modeling to quantify potential benefits and risk from 
supplementation will require data on heritabilities and rates of domestication in 
hatchery programs and associated loss of fitness for natural production, heritabilities 
and rates of naturalization (recovery of fitness with natural reproduction) and how 
these parameters vary among species, hatcheries and streams.”  Brannon et al. (2004) 
stated that, “Domestication, defined as the consequence of unintentional selection in 
hatcheries and referred to by Campton (1995) as natural selection in the hatchery 
environment, represents the most likely genotypic change that could occur in hatchery 
fish.” Reisenbichler and Rubin (1999) found that “domestication selection is often 
intense”. Some key challenges with domestication selection research are to sort out 
what differences are due to genetic change due to unintentional selection in the 
hatchery and what differences are due to hatchery management decisions or 
environmental causes (Brannon et al. 2004).  

Recent Scientific Reviews  

There have been two recent and substantive reviews examining the fitness of hatchery 
populations. Berejikian and Ford (2004) concluded that studies that included non-
local stocks, domesticated stocks or captive, farmed stocks demonstrated highly 
reduced fitness. They revealed a low level of fitness relative to the wild population 
(<30%). Only one study was identified that evaluated hatchery effects on fitness using 
a local stock in the first generation and that was with steelhead, a species that was 
(and is typically) reared for an extended period. Here the authors of the study found 
relatively high fitness in hatchery returns and Berejikian and Ford indicated that it 
would be reasonable to assume >90% fitness relative to wild. The analysis of studies 
that included local stocks where the hatchery had operated for multiple generations 
was difficult “due to the lack of consistent results among studies and the lack of any 
studies of lifetime fitness’. Most of these studies evaluated steelhead and the author 
concluded that fitness under this scenario may not differ from the first scenario above 
for steelhead. They indicated that they could find no studies that estimated relative 
fitness of hatchery populations of species or life history forms that have a minimal 
freshwater rearing phase in a hatchery. They found it reasonable to assume that these 
populations would be less likely to change phenotypically and genetically by hatchery 
propagation than species with longer freshwater rearing times. Since no studies are 
similar to the Cedar River sockeye hatchery program, their review did not estimate 
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effects; however their comment about limited freshwater and hatchery residence time 
reducing likelihood of phenotypic and genetic change would appear relevant to the 
Cedar River Hatchery. 

The Salmon Recovery Science Review Panel issued a report on the effects of hatchery 
returns on wild populations based on their meeting that was held on August 30-
September 2, 2004. They reviewed literature on hatchery effects, focusing on studies 
that used local broodstock and excluding those where naturally spawning populations 
were comprised of a substantial number of hatchery returns. They concluded that 
there is a relationship between the loss of fitness and the number of generations in 
hatchery culture, based on studies conducted with steelhead, Atlantic salmon, and 
brown trout. They cited evidence in a steelhead study for a 10% reduction in fitness in 
the first generation of culture and noted that their analysis of a number of studies 
showed a decline in fitness of 20% per generation. 

Hatchery Effects on Fitness 

Much of the general hatchery effects research to date has focused on measurable 
characteristics associated with reproduction, including behavior, morphology, age at 
maturity and survival rates. Hatcheries can alter growth rates in salmon and growth is 
associated with changes in parameters that affect fitness. A challenge of research in 
this area is determining whether such changes are the result of genetic change or 
reflect the altered environment of the hatchery. Whether or not a hatchery will cause 
genetic changes that result in reduced female body size is an important question 
because most research suggests that body size is positively correlated with 
characteristics that are important to fitness. Forbes and Petermann (1994) provide a 
summary of some of the literature on the effects of body size on reproduction and 
provide the following analysis: (references are omitted for brevity, but may be found in 
the publication): 

“In Pacific salmon, larger females produce more and larger eggs on average than small 
females, a phenomenon most closely studied in coho salmon. In female coho, fecundity 
increases more slowly than female mass with increasing length (larger females produce 
fewer eggs/unit body mass than small females), but total egg mass (e.g. number X 
biomass/egg) increases faster than female mass. The same pattern holds for other 
Pacific salmon. Thus larger female salmon, with fewer eggs per unit biomass, 
apparently sacrifice fecundity for increased egg size compared with small salmon …” 
They also noted “that smaller eggs have lower metabolic requirements and are more 
likely to survive incubation in low-quality gravel than large eggs” and conclude that 
large egg size therefore bears an  evolutionary cost in environments with low-quality 
gravel”. They explained that the potential disadvantage of large egg size may be offset 
to some degree by the frequency that large eggs are deposited in high quality gravel 
and the production of larger fry. Forbes and Petermann (1994) provided three theories 
for why egg size increases with female body size, but noted that as of 1994, there was 
no adequate measure of survivorship of offspring from females of different size. They 
note that the importance of body size may be mediated by density; at lower densities 
there is less intraspecific competition and therefore there is less advantage to body size 
of females. Van den Berghe and Gross (1989) found that body size contributed to adult 
female coho fitness in three ways: through increased initial biomass of egg production, 
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the ability to acquire a high-quality territory for egg development, and success in nest 
defense. These factors resulted in up to a 23-fold fitness advantage to the largest 
females. On the other hand, Holtby and Healey (1986) concluded that there was no 
consistent advantage to large size for coho in Carnation Creek, British Columbia. They 
found no consistent advantage for large size in egg to fry survival and smolt to adult 
survival.  

A number of published studies and reports have compared female size in hatchery 
returns with those of natural origin of the same age. The tendency for hatchery 
returns to be smaller at age of maturity has been observed in coho (Fleming and Gross 
1989, Quinn et al. 2004). Bumgarner et al. (1994, cited in Gallinat, 2004) found that 
size-at-age was smaller for F1 (first generation) hatchery Chinook returns to the 
Tucannon River compared to natural origin returns. However, a later report for this 
project by Gallinat (2004) reported no significant difference in mean length between 
natural and hatchery origin Chinook returns when all years were combined, including 
the early years referred to in Bumgarner et al. (1994). Not all studies have found 
significant differences in female size based on hatchery and natural origin. Heath 
(2003) reported no trend in body size over a twenty-year period in four Chinook 
hatchery populations in British Columbia. Quinn et al. (2004) found no decline in size 
at age for hatchery Chinook, but noted a decline in average size due to earlier age of 
maturity, resulting from the tendency to release progressively larger smolts.  

Female Size at Age in the Cedar River 

A recent report evaluating returns to the interim sockeye hatchery on the Cedar River, 
found that in ten size comparisons between hatchery and natural origin female adult 
sockeye that spawned in the Cedar River between 1997-2000, five were statistically 
significant, where hatchery females were smaller than natural origin returns (Fresh et 
al. 2003). In comparisons using female sockeye collected at the broodstock weir, five of 
six comparisons of female size showed significantly smaller size in those of hatchery 
origin. Two alternative hypotheses for size differences were presented in the report, but 
the authors acknowledged that the cause of these differences between females of 
hatchery and natural origin is unknown. One of the proposed theories cites a linkage 
between natural selection for larger females spawning in the river and presumes that 
these females would then produce larger progeny that would return as larger adults. 
Under this theory, smaller females would be at a survival disadvantage in the river.  
Under this theory, the hatchery environment removes the relative selection advantage 
of larger females and provides a protective environment for females of all sizes, 
resulting in a reduction in mean size of the hatchery progeny. However, Helle (1989) 
reported no tendency for large parents to produce large, mature offspring in his study 
of chum salmon and attributed the variability in progeny size to marine environmental 
conditions during the last season at sea.  

The other theory offered in Fresh et al. (2003) to explain size differences suggests that 
they may be an artifact of differences in fry entry timing into Lake Washington 
because hatchery fry enter earlier than natural fry on average. For hatchery releases 
in 2004, early entry fry grew to a larger size in Lake Washington than middle and late 
fry (Schroder, 2005A). There is some evidence in Atlantic salmon that a negative 
relationship exists between presmolt and post smolt growth rates (Einum et al. 2002). 
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If the underlying cause for size differences between hatchery and natural origin 
returns is fry entry timing, these differences are expected to be substantially reduced 
or eliminated with the replacement hatchery because it will have equipment that is 
capable of modifying incubation temperatures with river temperatures.  

Body Size and Redd Depth 

The consequences of body size on reproduction have been studied. Quinn (2005) 
compiled information from a number of studies on various species of salmonids that 
demonstrated a general relationship of increasing redd depth with body size. Steen 
and Quinn (1999) provided redd depth data for sockeye. Van den Berghe and Gross 
(1984) found that larger coho dug deeper nests and describes the selective advantage 
that deeper redds have by providing better protection to eggs from flood scour and dig 
up by other spawning salmon Larger females are thought to be able to secure better 
redd sites and to defend their nest sites longer as well.  Holtby and Healey (1986) 
found that when body size (expressed through corresponding assumptions about redd 
depth) was included in a model used to predict egg to fry survival for coho, the 
predictive ability of the model worsened. They concluded that scour and gravel quality, 
not body size, were the most important variables in the model. They suggested that 
spawning ground competition and high scour favor larger females while poor gravel 
quality favors small female size. Thus, optimal body size is the result of specific 
conditions for a given river or reach. They predict that good gravel quality, low 
competition and shallow scour are relatively neutral to female size. Schroder et al. 
(2005) found that the largest females produced the largest number of fry and that this 
was due to higher fecundity in larger females; when fecundity was factored in, the 
authors found no difference in the capacity of fish of various sizes to produce fry from 
eggs. They cautioned, however, that these results were produced in an artificial 
channel and may not apply to natural spawning conditions. 

Egg size, Fecundity and Egg Biomass 

Comparisons of hatchery and natural origin salmon have sometimes resulted in 
differences in egg size, fecundity or total egg biomass. In a study of the University of 
Washington hatchery program over 3 to 5 decades, reproductive investment in terms 
of gonad size adjusted for body size, decreased for coho but not for Chinook (Quinn et 
al. 2004). Size- adjusted fecundity was influenced by marine growth for coho and Age 
3 Chinook salmon, suggesting that egg size is determined later in life. Heath et al. 
(2003) found a significant reduction in egg size in hatchery Chinook in systems with 
high levels of supplementation (28 and 43%), but not in those with lower levels of 
supplementation (4 and 16%). They stated that hatcheries drive exceptionally rapid 
evolution in egg size and that this effect is proportional to the level of hatchery 
supplementation of a population. However, the results reported by Quinn et al. (2004) 
were not consistent with this hypothesis.  Gallinat (2004) reported that egg size was 
larger in hatchery origin Chinook females of the same age (statistically significant for 
Age 4, but not for Age 5). In this report, fecundity was significantly greater for natural 
origin returns of the same age compared to hatchery origin returns. No clear pattern 
with respect to hatchery effects on egg size has emerged from the literature; however it 
is known that hatcheries can affect growth and that growth affects egg size. It is 
therefore difficult to sort out the effects due to genetic change.  
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Selection for egg size during incubation has also been investigated. Several 
investigators have presumed that large eggs are subject to higher mortality under low 
oxygen conditions due to the assumption that smaller eggs have lower metabolic 
requirements (van den Berghe and Gross 1989, Holtby and Healey 1986, Sargent et al. 
(1987). However, Einum et al. (2002) refuted the hypothesis that “bigger is worse 
during incubation” that is based on the assumption that oxygen requirements increase 
in proportion to egg volume or mass. Their study with brown trout demonstrated that 
survival of larger eggs was equal to that of small eggs at high oxygen levels, but 
survived better than smaller eggs when exposed to low oxygen levels. Generally 
hatcheries maintain oxygen levels above those used in the investigation by Einum et 
al. (2002), which may avoid favoring eggs, large or small. Beacham and Murray (1985) 
found that incubation survival was highest for eggs from small females and lowest for 
eggs from large females over a range of incubation temperatures.   

Effects of Body Size on Reproductive Traits in Cedar River Sockeye 

Quinn et al (1995) found that body length in Cedar River sockeye was positively 
correlated with gonad weight, egg number, egg weight, snout length and hump size 
and that these measures were correlated with each other. They found that individuals 
that had greater development of a particular trait also had greater development of the 
other traits. Egg size and egg number were inversely correlated for a given body size in 
Cedar River sockeye. 

Size of Fry 

Helle (1989), Forbes and Petermann (1994) and Beacham and Murray (1985) cited 
studies that show that larger eggs produce larger alevins or fry.  Beacham and Murray 
(1985) found that the relationship between egg weight and alevin size was dependent 
on incubation temperature. In some cases larger fry are correlated with faster growth 
rates between the fry and smolt stage. Forbes and Petermann state that there are 
several “absolute” benefits of larger size: “ larger fry are (i) more resistant to starvation, 
(ii) better at avoiding predators, and (iii) reach threshold sizes where they are not 
vulnerable to certain gape-limited predators more quickly than smaller fry, resulting in 
lower juvenile mortality…” West and Larkin (1987) found that larger sockeye fry 
tended to exhibit higher growth rates and leave the lake as larger smolts. Not all 
scientists are convinced that larger fry have survival advantages to the smolt stage. 
Helle (1989) concludes that “parental size and age, and egg size had little or no effect 
on fry growth rate or early mortality” and that “the relationship between egg size and 
smolt size in salmonids is not clear…” Quinn (2005) discussed the influence of fry size, 
timing and other factors on subsequent growth rate, territoriality and survival.   
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Reproductive Behavior 

Reproductive behavior prior, during and following spawning is important to 
reproductive success. Fleming and Gross (1992) cite the importance of aggressive 
behavior in determining the ability to acquire and defend nesting territories for females 
and mates for males; the importance of complex courting and spawning behavior 
patterns for successful oviposition and fertilization; the effects of delay in the onset of 
breeding and extended breeding periods that can reduce the female’s ability to 
successfully deposit her eggs before she dies; and female nest guarding to prevent egg 
loss through nest destruction by other females attempting to use the same site. 
Because salmon are subject to very different processes when bred in a hatchery, 
studies have been done to better understand how the absence of natural process 
affects the reproductive behavior, physical characteristics and success of the progeny 
of hatchery returns when they spawn. Fleming and Gross (1992, 1993) found that 
hatchery origin coho males were less aggressive during spawning in an experimental 
stream compared to a different stock of natural origin coho. Consequently, these males 
engaged in fewer spawnings than the natural origin fish. In the same study, hatchery 
females were as aggressive as natural origin females, but had higher retention of eggs, 
were more prone to delay in the onset of breeding and lost more eggs to nest 
destruction by other females. They found that the reproductive success of hatchery 
females was independent of size while that of natural origin females was strongly 
dependent on size. Competition, created through higher spawning density, appeared to 
have more impact on the spawning effectiveness of hatchery males than on hatchery 
females. In a study of spring Chinook by Schroder et al. (2005), they found that 
hatchery origin females were as competent in reproductive success as natural origin 
females at lower spawning density. At higher densities, wild females had a survival 
advantage that ranged from 1.9-11.7% over hatchery origin females.  In the same 
study, hatchery origin males did not produce as many progeny as natural origin 
males. 

Fleming and Gross (1989) suggested that female competition on the spawning grounds 
can generate strong natural selection on coho salmon. They found a correlation 
between the expression of secondary sexual characteristics (body coloration, length of 
snout) and higher levels of breeding competition. They suggest that these changes in 
body shape are genetically based as they tend to appear before competition for 
spawning sites begins. 

Age at Return 

Gallinat (2004) found that hatchery returns matured at a younger age than natural 
origin returns of Chinook to the Tucannon River. They attributed this difference to the 
larger size at release for the hatchery smolts. Fresh et al. (2003) found no difference in 
age at return for sockeye returning to the Cedar River based on hatchery or natural 
origin.  
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Smolt to Adult Survival 

Gallinat (2004) found that smolt to adult survival rates for wild origin Chinook returns 
were 3 times higher than for hatchery origin returns. They also found that adult to 
adult survival was about 4 times greater for hatchery returns than wild returns. 
Blouin and Araki (2004) evaluated the relative fitness of two hatchery steelhead stocks 
against wild stock, where one hatchery stock was an out of basin stock with a long 
history of hatchery production and the other was local, following a conservation 
hatchery approach. The relative fitness for the old hatchery stock was very low relative 
to wild stock, 0.11 and 0.098, for males and females, respectively. The conservation-
stock hatchery fish had higher, but more variable relative fitness (0.63-1.21). They 
noted that parentage from many of the returns could not be established, particularly 
for fathers, and concluded that this might have been the result of resident trout 
spawning with steelhead. The interaction between resident and anadromous forms of 
O. mykiss adds complexity in the evaluation of hatchery effects in this species. 

Cedar River Fry to Smolt Survival 

Schroder (2005A) examined data from sockeye smolts collected in Lake Washington in 
2004. While these data should not be considered representative for all years because 
of the limited data base, nor should they be considered necessarily predictive of results 
from the replacement hatchery, the results for the 2004 outmigrant smolts showed 
that time of entry into the lake affected survival to smolt stage in some cases, as did 
short term rearing. Middle to late unfed sockeye fry survived better than early entry fry 
from the hatchery. Analysis of adults sampled from 2004 suggested that later fry 
releases from the hatchery survived at higher rates compared to early and middle 
release groups (Schroder 2005B). As noted above, the overall entry timing difference 
between hatchery and natural fry is expected to be significantly reduced or eliminated 
with the replacement hatchery and would be expected to influence survival rates. For 
the 2004 smolts, short term holding and feeding resulted in equivalent survival of 
hatchery fry with that of naturally produced fry; releasing unfed hatchery fry resulted 
in lower survival rate  (about 11% lower) from fry to smolt compared to that of natural 
fry. 

More on Effects of Body Size 

Helle (1989) found that survival of progeny was positively correlated with the mean 
length of the parents in chum salmon across brood years. The difference was greater 
than could be explained by higher fecundity of the larger females. Helle suggests that 
higher survival could have been due to the ability of females to utilize more favorable 
nest sites or larger egg size. Hankin and McKelvey (1985) found that total fecundity, 
total ovary weight and mean egg weight were all strongly correlated with fish length 
and suggested that selection pressures may be positive for both egg weight and total 
fecundity. They suggest that the significant trend towards increased egg weight with 
fish length suggests that egg size may be an important survival characteristic in 
Klamath River Chinook. 

Selective forces on reproductive fitness are complex and hatchery effects add to that 
complexity. Through changes in age at maturity, size at age the returns, spawn timing 
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hatcheries among others, hatcheries have the potential to affect egg size, fecundity, 
duration of parental care, nest site selection, expression of secondary sexual 
characteristics, intra- and inter- specific competition, protection of eggs from scour, 
incubation survival, fry to smolt survival. As can be seen above, the literature on the 
effects of hatcheries on these parameters is sometimes contradictory, but 
demonstrates that characteristics associated with fitness have occurred in some 
populations.  

Domestication selection appears to be the most likely mechanism to effect genetic 
change. The risks and magnitude of hatchery effects are thought to be somewhat 
proportionate to the time spent in the artificial environment and the number of 
generations that a stock has been isolated in the hatchery. Assessments of hatchery 
impacts on fitness have not included programs as that being implemented for the 
Cedar River in terms of key factors thought to affect fitness: local stock, broodstock 
collection protocol, breeding protocol, release of fry soon after emergence, rate of 
naturalization and species. The existing literature focuses mostly on programs using 
hatchery stocks of steelhead, coho and Chinook using extended freshwater rearing. 
With few exceptions, where fitness has been measured in these programs there has 
generally been a decline in fitness, with substantial variability among various 
assessments. Reisenbichler and Rubin (1999) reviewed several studies and concluded 
that substantial change in fitness results from traditional artificial propagation of 
anadromous salmonids held in captivity for one-quarter or more of their life. They 
noted that “To date almost no comparable data are available for species or populations 
that are held in captivity for shorter portions of their life: …[including] some sockeye 
populations.” It is apparent from the literature that there is a need for further research 
into the effectiveness of various hatchery reform measures and to assess fitness in 
programs such as that being proposed for the Cedar River sockeye. 

Even though the literature has not dealt directly with programs like that being 
proposed in the Cedar River, the literature is helpful in identifying what monitoring is 
needed and in establishing factors that influence fitness. For example, there is 
evidence that the potential for genetic and phenotypic change is proportional to time 
spent in the hatchery. There is additional evidence that the use of local stock results 
in higher fitness in hatchery releases. Genetic principles suggest that random breeding 
and high male to female spawning ratios will help to avoid genetic change. The Cedar 
River sockeye culture strategy has been developed with the benefit of this knowledge 
and has considered how to incorporate approaches that are thought to minimize the 
risk of genetic effects. Nevertheless, it is not possible to eliminate such risks. Thus, the 
question of how unavoidable domestication selection will affect fitness will need to be 
addressed through evaluation guided by the adaptive management plan. The potential 
consequences, case-specific variability in hatchery practices, species and 
environmental factors and the limited understanding of the effects of naturalization 
underscore the importance of monitoring and being responsive to information, as it 
becomes available.  
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Part II of this FSEIS contains comments received on the DSEIS and responses to those 
comments.  The comments have been reduced to allow two pages to be reproduced onto one 

page.  Provided first are several general responses to address issues raised by several 
commenters, followed by individual comments and responses to those comments. 
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General Responses to Comments 

Seattle Public Utilities (SPU) received a number of comments on the DSEIS that raised common 
issues regarding the scope of the SEIS, previous environmental review, legal or policy 
considerations, studies and data and others.  The following general responses address these 
issues.  More specific responses to individual comments are provided following these general 
responses. 

General Response No.  1:  Comments Outside the Scope of the SEIS 

Issue:  Several commenters raised issues related to previous environmental review, or to policy 
or legal issues that are outside the scope of the SEIS.  Seattle Public Utilities prepared the SEIS 
specifically to respond to the Hearing Examiner’s decision and, accordingly, the SEIS focuses on 
the issues the Hearing Examiner directed SPU to address, namely the worst case analyses for 
specific potential impacts and the Adaptive Management Plan (AMP).  For example, some 
comments question the assumptions underlying the Cedar River Habitat Conservation Plan 
EA/EIS; some urge a re-examination of alternatives to the replacement hatchery project itself, 
questioning the wisdom of the policy choice made by the Parties to the Landsburg Mitigation 
Agreement (LMA) or the merits of the LMA.  Other commenters raised various legal arguments.  
In some cases commenters questioned other impacts previously examined and not included in the 
Hearing Examiner’s direction, such as overall river ecology or impacts related to IHN.  In many 
cases, these comments reflect earlier comments SPU received and responded to as part of either 
the final Cedar River Habitat Conservation Plan (HCP) EA/EIS or the Cedar River Hatchery 
FEIS.   

Response:  For purposes of this SEIS, SPU is providing substantive responses to all comments 
directly related to the worst case analyses and the AMP.  The scope of SPU’s response to 
comments on the SEIS is consistent with the decision of the Hearing Examiner: 

“Prior to hearing, the Examiner dismissed the issue of whether the FEIS 
was inadequate because it did not include a non-hatchery alternative, 
because this issue went to the adequacy of the programmatic EA/EIS, 
rather than the project FEIS.  The appellant’s appeal and closing 
statement appear to continue to raise this argument.  Again, the 
programmatic EA/EIS cannot be challenged through an appeal of this 
project-level FEIS, and these arguments cannot be considered.  Similarly, 
the issue whether the City has erred in presuming that it is legally 
committed to building the proposed hatchery is not before the Examiner.” 

(Hearing Examiner Decision, Conclusions, ¶ 3) 

“The issues that remain in this appeal concern the adequacy of the FEIS 
with respect to disclosure of certain impacts, and identification of 
mitigation measures. Some of the appellant’s arguments and evidence 
challenge directly the wisdom of the proposal itself, but that is beyond the 
scope of this appeal and those arguments are not considered.” 

(Hearing Examiner Decision, Conclusions, ¶ 4) 
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The 2003 Cedar River Hatchery FEIS focused on project-specific impacts and included new 
information that had become available since completion of the Cedar River HCP EA/EIS.  See 
the FEIS, p. 1-8 and Section 2.4.  The SEIS does not assume that decision-makers will go 
forward with the hatchery project; instead, the results of the SEIS process will provide useful 
information to the public and decision-makers, as they consider further decisions relating to the 
construction and operation of the replacement hatchery. 

General Response No.  2:  Use of Background Data in Preparing the SEIS, Adaptive 
Management Plan and the Worst Case Analyses. 

Issue:  Several commenters raised concerns about how data from interim hatchery operations 
and other relevant studies have been incorporated into the worst case analyses and the 
development of the AMP. They suggested that no summary of data over a 10 to 12 year period 
had been produced and that available information had not been used in SEIS analyses or that the 
City was biased in its use of information. Specific comments were received concerning the Lake 
Washington Studies indicating that commenters thought that one of the goals of these studies 
was to assess effects of the interim sockeye hatchery. Some commenters indicated that the 
interim sockeye hatchery program has been an adaptive management experiment and that results 
should be available for evaluation of potential adverse effects on wild fish of the replacement 
hatchery.   

Response:  Development of worst case analyses and the AMP considered available information 
from many sources, including data collected to manage sockeye and Chinook populations, 
research concerning the ecology of sockeye in the Lake Washington system and their 
relationships with other species and results of the interim hatchery. Relevant information has 
been used to identify where potential adverse effects could occur and to evaluate them to the 
extent that available information allows. Where uncertainty exists, this information was used 
along with relevant information from other systems to aid the development of worst case 
analyses. The following sections describe some specific sources of information and how they 
have been used. 
 
Lake Washington Studies: The purpose of the Lake Washington Studies was to evaluate the 
potential factors contributing to poor sockeye survival in Lake Washington (p. 2.33, HCP), not to 
evaluate hatchery effects on naturally reproducing sockeye or effects on other species. The 
studies were multi-agency efforts funded by the Lake Washington Forum, an aggregation of 
local jurisdictions managed by King County, to study factors that may have contributed to the 
declining numbers of sockeye returning to the Lake Washington system. The studies were led by 
Kurt Fresh, then at Washington Department of Fish and Wildlife (WDFW). The studies initially 
focused on six study questions: 
 

• Food limitations: carrying capacity of Lake Washington for sockeye; 
• Early lake life of sockeye fry near the mouth of the Cedar River; 
• Changes in predator distribution and diet; 
• Predation on juvenile sockeye during lake residence; 
• In-lake ecology of sockeye salmon originating from Bear and Issaquah creeks; and  
• Mortality of Cedar River sockeye salmon fry during their downstream migration. 

(Source: February 16, 1993 memo from Kurt Fresh, Department of Fisheries, State of Washington) 
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Relevant information on predation, sockeye fry production, food supply and species interactions 
resulting from the Lake Washington Studies and other sources has been utilized by SPU and 
others involved in developing the HCP, HCP EA/EIS, FEIS and SEIS, and in the design of the 
replacement hatchery facilities. While no agency has compiled and summarized all of the work 
of the Lake Washington Studies into a single report, many of the results have been incorporated 
into reports or publications.  Study findings have been presented through public workshops. Kurt 
Fresh, now with NOAA Fisheries, led public workshops on December 14, 1999, and June 6, 
2000, to distribute findings to scientists, elected officials and the public. A final workshop was 
held in late 2002 where investigators presented their findings and Kurt provided his summary of 
what was learned. 
 
Seattle Public Utilities has reviewed reports and data summaries from this work and applied the 
relevant results to its analyses. Reference information is identified in the list of references in 
worst case analysis workshop summaries, the AMP, the FEIS and the SEIS. Examples of 
information sources that have been used include: 
 

• Sockeye fry production estimates from the Cedar River and Bear Creek; 
• Predation losses in the Cedar River as a function of instream flow; 
• Evaluation of the adequacy of food supply in Lake Washington; and 
• Predation of sockeye in Lake Washington.  

 
The original study questions of the Lake Washington Studies evolved over time as new questions 
arose. For example, evaluation of the effects of the Chittenden Locks on passage of juveniles and 
adults was included, and this led to improvements in facilities and operations. Additional 
emphasis was placed on the monitoring and evaluation of Chinook salmon in Lake Washington 
and included evaluation of interactions with sockeye. Increased interest on the effects of 
hatcheries on naturally spawning populations also brought about changes in the focus of salmon 
research. The results of the Lake Washington Studies along with additional information from 
other studies in the Lake Washington Basin have led to the identification of key areas of 
uncertainty in the AMP, and these reflect current areas of uncertainty with respect to potential 
adverse effects of the sockeye hatchery program. Information from the research that has been 
conducted to date is included in the description of existing data and knowledge associated with 
each area of uncertainty. Information from Lake Washington Studies and other monitoring and 
research has been used in developing the worst case analysis. Examples include (see cited 
references in text for information sources): 
 

• Presmolt sockeye information; 
• Detailed assessment of spring food supply; 
• Chinook redd survey and superimposition information; 
• Size comparisons between hatchery and natural origin sockeye; 
• Straying results to Bear Creek; 
• Juvenile Chinook production data from the Cedar River; 
• Genetic studies of sockeye in the Lake Washington basin; 
• Cutthroat and northern pikeminnow predation on sockeye in Lake Washington; 
• Adult return timing information for hatchery and natural origin sockeye; 
• Age at return information for hatchery and natural origin sockeye; 
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• Sockeye spawner distribution information for hatchery and natural origin sockeye; and 
• Sockeye fry outmigrant timing information for hatchery and natural origin sockeye. 

 
Seattle Public Utilities has sought to incorporate relevant and reliable information from many 
sources into the SEIS and AMP and has not suppressed or withheld information as some 
commenters have suggested. The application of results of the interim hatchery to the evaluation 
of effects of the replacement hatchery has been carefully considered, and some commenters have 
expressed that SPU should indicate that such effects are certain to occur. Based on existing 
information and the evaluations done to date, including the worst case analysis and AMP, SPU 
believes that the extent to which interim hatchery operations are predictive of the replacement 
hatchery varies; therefore, they have been evaluated on a case by case basis.   

General Response No.  3:  The Worst Case Analysis Process 

Issue:  In response to the Hearing Examiner’s decision, the scope of the SEIS specifically 
included discussion of potential “worst case” impacts that the proposed replacement hatchery 
could have relative to genetics, predation, competition for food, competition for spawning sites 
and superimposition.  These “worst case” analyses were developed through workshop 
discussions with invited scientists.  Some commenters raised questions and concerns about the 
process used to conduct the worst case analysis.   

Response:  Seattle Public Utilities looked for models or templates to use in the worst case 
analysis but found little case law or previous examples for worst case analyses prepared under 
State Environmental Policy Act (SEPA) or the National Environmental Policy Act (NEPA).  
Seattle Public Utilities developed a worst case methodology that reasonably addressed the issues 
raised in the Hearing Examiner’s decision.   

The worst case analysis was carried out using a series of three workshops running concurrently 
over the course of a day.  Worst case workshop participants included scientists with significant 
expertise in the specific disciplines needed to address the issues identified in the Hearing 
Examiner’s decision.  Scientists involved in the workshop were invited because they are 
knowledgeable about the issues and capable of applying professional judgement to difficult 
questions.  This expertise included familiarity with issues associated with specific disciplines 
(genetics, predation, competition and superimposition).  Most were familiar with the Cedar River 
and Lake Washington system, but some value was attached to including those with experience 
elsewhere.  All of the participants were from public resource agencies or universities, including 
the University of Washington and University of Idaho, as well as the WDFW, U.S.  Fish and 
Wildlife Service (USFWS), NOAA Fisheries (National Marine Fisheries Service), U.S.  
Geological Survey, and King County.   

Seattle Public Utilities initially identified potential experts for each panel, and discussed this list 
with several of the scientists who had previously advised SPU regarding issues relating to the 
hatchery, with scientists who were knowledgeable in the subject areas to be discussed, and with 
agencies who might suggest additional participants to ensure that a full range of expertise would 
be represented.  Panelists included those who were considered to be regional or national experts, 
and many had published in the subject area under discussion.  The panels purposely included 
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scientists who would represent different perspectives to encourage scientific discussion.  The 
technical leads for the workshop were given the final say in the selection of the panelists.   

Seattle Public Utilities extended invitations to the participants approximately four weeks prior to 
the workshop.  All invitees agreed to participate; one of the participants subsequently arranged 
for an alternate of his choosing without consulting SPU or the technical leads.  Approximately 
one week prior to the workshop, relevant information (background studies, data, etc.) as 
determined by the lead scientists was posted on the SPU website to allow participants to become 
familiar with background information on the project.  The participants provided additional 
information at the workshop.  A list of these materials is available upon request from SPU.   

The workshop formats were structured to encourage questions and discussion among the 
participating scientists about the worst case analysis for each area of uncertainty identified by the 
Hearing Examiner as requiring further evaluation.  Seattle Public Utilities staff facilitated these 
discussions.  A set of “worst case assumptions” was provided to the workshop participants.  Each 
group could add to or alter those assumptions, as they deemed appropriate, as long as they 
documented their new assumptions.  Each group selected response variables and definitions of 
the level and likelihood of the potential effect.  While SPU provided the organizational format 
and background for the workshop, it did not contribute to the panel discussions that led to the 
findings of the workshop.  Observers were present but were not allowed to engage in the 
discussion of the scientists. 

The conclusions of the worst case analysis workshop participants were based on best 
professional judgment, referencing personal experience, available data and studies.  After the 
workshop, workshop leads wrote summaries, which were circulated to participants for review 
and comment to ensure that the summaries accurately reflected the workshop discussion.  The 
workshop leads integrated the comments into the summaries.  The workshop summaries reflect 
the professional judgment of the panelists and were included in the appendices of the SEIS.  
Seattle Public Utilities then drew on the workshop summaries to develop the worst case analyses 
included in the Draft SEIS. 

General Response No.  4:  Content and Approach of the Adaptive Management Plan 

Issue:  Some commenters requested additional information about the process of developing the 
AMP, and raised questions about its specificity.   

Response:  Seattle Public Utilities developed the draft AMP after conducting a literature review, 
consulting with experts, and considering the results of workshops co-sponsored by Washington 
Trout and SPU.  In developing the AMP, SPU reviewed a wide variety of possible 
methodologies and approaches, and ultimately selected a method that was reasonable.  
Uncertainties included for evaluation in the AMP were identified from the work of the 
independent science group formed to provide recommendations on operating protocols and 
research, and from public comments about the hatchery on the HCP EA/EIS.   

The process included in the AMP for developing scientific recommendations and presenting 
them to decision makers is most closely related to the Glen Canyon Dam approach to adaptive 
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management.  The Anadromous Fish Committee (AFC) and technical and adaptive management 
experts as well as WDFW and NOAA Fisheries reviewed the product. 

The AMP underwent further review and development to address the decision of the Hearing 
Examiner.  Dr. Barry Gold (a national expert in developing and implementing AMPs) and other 
experts concluded that this AMP would likely be effective in detecting potential effects and 
providing a process to evaluate and implement responses, if needed.  Quantifiable thresholds 
associated with measurable criteria have been added to the AMP (see various discussions in 
Section 2 of the AMP) and will continue to undergo further technical review prior to 
implementing the AMP, as noted in Table 4-1 of the AMP.  The thresholds examine within-year 
variation between hatchery and natural origin sockeye, or look at response variables for trends or 
exceedances of pre-established ranges.  Statistical tests will be incorporated to provide 
reasonable confidence that the results are not due to chance.  Further review of the sampling 
designs and statistical tests will occur in consultation with biometricians and through review by 
the Technical Work Group.  Sections 3 and 4.8 of the AMP describe the review process and the 
roles of those involved if a threshold is exceeded.   

As is the nature of adaptive management, the replacement hatchery AMP will continue to evolve 
as new information becomes available.  The AMP will be fully implemented by the time the 
replacement hatchery begins operations.  The AMP includes testable hypotheses, describes initial 
monitoring priorities, identifies thresholds for the consideration of appropriate response actions, 
and outlines the process and responsibilities of those involved in responding to threshold 
exceedances.  Follow-up monitoring to evaluate the effectiveness of response actions is included 
in the AMP.  The response process will rely, in part, on data obtained prior to implementation of 
the AMP for comparisons with post-AMP results. 

Overall responsibility for adaptive management is assigned to the Parties to the LMA (NOAA, 
USFWS, WDFW and the City of Seattle).  Section 4 of the AMP specifically identifies the 
responsible parties and their responsibilities.  The various AMP groups will be held accountable 
by the Parties to the LMA for fulfilling their specific roles in order to provide the needed 
information to the hatchery managers.   

One specific goal of the AMP is to, “Promote a high standard for scientific work so that results 
are credible.”  Section 4.4.4 of the AMP, as an example, establishes independent science 
advisors to serve the function of a truly independent professional board. Meeting this stated goal 
will require the development of sound scientific direction.  Seattle Public Utilities is committed 
to meeting this goal and has structured its current effort around this principle, which will 
continue as the AMP is finalized.   

General Response No.  5:  Funding of the Adaptive Management Plan 

Issue:  Some commenters expressed concern that funding would not be available to implement 
the AMP and hence that it should not be accepted as mitigation for possible impacts of the 
hatchery. 

Response:  The Cedar River HCP makes a 50-year funding commitment for sockeye monitoring 
and research for the Cedar River Hatchery.  Additional funding and in kind contributions have 
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supported complementary research on sockeye and their ecology in the Lake Washington basin, 
and it is likely that similar work will continue and provide additional information useful to 
adaptively manage the sockeye hatchery program.  As with other elements of the HCP, the 
replacement hatchery and the AMP are to be funded with revenues from SPU water utility 
ratepayers.   

The AMP sets up a structure through which resources can be allocated to ensure that the most 
important questions, as recommended by independent scientists, will be pursued.  Funding 
described in the AMP is meant to indicate the likely use of funds in the first 10 years.  Research 
and monitoring for later years will be determined as early year study results are analyzed.  The 
funding is not unlimited and the scientific groups described in the AMP will be charged with 
making recommendations to the Adaptive Management Work Group and the Parties to the LMA 
about the best use of the available funding.   

General Response No.  6:  Relationship to Water Resource Inventory Area (WRIA) 8 and 
Chinook Recovery 

Issue:  Comments on the SEIS included questions about the links and relationships between the 
proposed replacement hatchery and the WRIA 8 Salmon Conservation Plan (Plan).  They 
suggested that money spent on the hatchery would be better spent on increasing habitat in the 
lower Cedar River.  Commenters also raised concerns about the impacts of the proposed 
replacement hatchery on Chinook recovery.   

Response: These comments address issues that are not directly related to either the worst case 
analysis or the AMP, the subject matter of this SEIS, as directed by the Hearing Examiner.   

The WRIA 8 Plan focuses on strategies, including habitat work, associated with Chinook salmon 
recovery; other salmon recovery efforts, such as those for sockeye, are not specifically 
addressed.  The WRIA 8 Plan is expected to be considered for inclusion in the Draft Puget Sound 
Chinook Evolutionary Significant Unit (ESU) Conservation Plan that is expected to be issued by 
NOAA Fisheries (NMFS) later in 2005.  The City of Seattle is a partner in the development of 
the WRIA 8 Plan, and it shares the goals of salmon conservation.  NOAA Fisheries is the federal 
agency that is responsible for administering the Endangered Species Act for Chinook and 
therefore is charged with issuing the Puget Sound Chinook Recovery Plan.  NOAA Fisheries is 
also a party to the LMA, the legal document that is foundation to the development of the 
replacement hatchery.   

NOAA Fisheries approved the Cedar River HCP in April 2000, after the listing of Chinook 
salmon as threatened under the Endangered Species Act.  The Cedar River Sockeye Hatchery is 
included in the HCP, which was reviewed by NOAA Fisheries before it approved the HCP and 
issued its 2000 Biological Opinion on the effects of the HCP, including those from the proposed 
replacement hatchery, on Chinook.  NOAA Fisheries has stated that “potential adverse effects to 
Puget Sound Chinook from sockeye supplementation are expected to be slight.” (Biological 
Opinion, April 2000, p. 99).  The NMFS also submitted comments on the Draft SEIS.  Their 
comment letter states that, “The Worst Case Analysis is consistent with the April 2000 NMFS 
BioOP and Findings.  There are no new substantial affects[sic] identified that would indicate that 
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NMFS should reanalyze anything.”  The NOAA Fisheries comment letter is included in the 
comment letters following these general responses.    

At the time of this writing, NOAA Fisheries has not yet reviewed the WRIA 8 plan nor issued a 
Puget Sound Chinook Recovery Plan.  The Technical Recovery Team (TRT), an advisory group 
to NOAA Fisheries, has reviewed and commented on the WRIA 8 plan. 

Potential adverse interactions between sockeye and Chinook have been discussed in this SEIS as 
part of the worst case analysis to supplement the evaluations provided in previous environmental 
review documents.  Commenters are referred to Chapter 3 of the SEIS for discussion of possible 
impacts and the likely magnitude of those impacts. 

There is no doubt that habitat restoration is also important both for Chinook recovery and to 
support other salmonids that depend on the Cedar River.  The alternative chosen by SPU for 
sockeye mitigation includes $1.6 million (1996 dollars) in habitat investments.  In addition, the 
City of Seattle has made, and will continue to make, investments in habitat through its HCP and 
through its participation in WRIA 8.  The HCP provides substantial funding for habitat 
enhancement (a total of $4.637 million, in 1996 dollars) and SPU, in cooperation with King 
County, has used the HCP as a foundation to secure $2.5 million in additional habitat protection 
funding through USFWS grants.  In addition, SPU contributes millions of dollars to protect and 
to restore upper watershed habitat that contributes to protection of downstream water quality. 

Seattle Public Utilities agrees that habitat change, whether it results from the effects of 
development, from habitat restoration projects, or from some other cause, should be considered 
in the evaluation of monitoring results on productivity in the Cedar River.  Historically, sockeye 
and Chinook coexisted for many decades and at times coexisted at higher levels than currently 
exist, suggesting that sockeye and Chinook recovery efforts can both be successful.  For further 
discussion of the overall approach to managing for multiple species in the context of the HCP, 
please see Section  4.3 of the HCP. 
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d
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 t
im

in
g

, 
 s

p
aw

n
 t

im
in

g
, 

an
d

 s
p

aw
n

er
 

C
o

m
m

e
n

t 
L

e
tt

e
r 

F
W

 

C
e
d

a
r 

R
iv
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h
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m
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R
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d
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a 
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il
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b
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it
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h
e 
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C

P
 m
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 c
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m
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w
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l 
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 c
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m
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is
o
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n
g
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es

u
lt
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 t
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 c
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b
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h
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n

o
n
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b

le
s 
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n

te
n
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ed
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g
n

iz
e 

th
at
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n
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u

en
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th
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h
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en
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 c

h
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g
e,

 a
ff

ec
t 
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p
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d
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iv
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d
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il
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n
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 b
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n
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d
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in
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h
e 
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in
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u

r 
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m

m
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il
l 

b
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n

v
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ed
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o
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T
T

-1
. 

C
o

m
m

en
t 

n
o

te
d

. 

T
T

-2
. 

T
h

e 
co

m
m

en
t 

ad
d

re
ss

es
 a

n
 i

ss
u

e 
th

at
 i

s 
n

o
t 

d
ir

ec
tl

y
 r

el
at

ed
 t

o
 e

it
h

er
 t

h
e 

w
o
rs

t 
ca

se
 

an
al

y
si

s 
o

r 
th

e 
A

M
P

, 
th

e 
su

b
je

ct
 m

at
te

r 
o

f 
th

is
 S

E
IS

, 
as

 d
ir

ec
te

d
 b

y
 t

h
e 

H
ea

ri
n

g
 

E
x

am
in

er
. 
 P

le
as

e 
re

fe
r 

to
 G

en
er

al
 R

es
p

o
n

se
 N

o
. 
1

. 

T
T

-3
. 

P
le

as
e 

re
fe

r 
to

 G
en

er
al

 R
es

p
o

n
se

 N
o

. 
3

 a
n

d
 S

ec
ti

o
n

 1
.6

 o
f 

th
e 

S
E

IS
. 

T
T

-4
. 

T
h

e 
te

rm
 “

p
re

ca
u
ti

o
n

ar
y
 p

ri
n

ci
p

le
” 

ca
n

 b
e 

in
te

rp
re

te
d

 t
o

 h
av

e 
a 

w
id

e 
v

ar
ie

ty
 o

f 

m
ea

n
in

g
s.

  
T

h
er

e 
is

 n
o

 s
in

g
le

 a
cc

ep
te

d
 i

n
te

rp
re

ta
ti

o
n

. 
 T

h
er

e 
is

 n
o

 i
n

te
rp

re
ta

ti
o

n
 o

f 

th
e 

p
re

ca
u

ti
o

n
ar

y
 p

ri
n

ci
p

le
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n
d

er
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E
P

A
, 
n

o
r 

is
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h
er

e 
a 

le
g

al
 r

eq
u

ir
em

en
t 

to
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co

rp
o

ra
te

 t
h

is
 p

ri
n
ci

p
le
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n
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E
P

A
 a

n
al

y
se

s.
  
T

h
er

ef
o
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, 
th

e 
w

o
rs

t 
ca

se
 a

n
al

y
si

s 

p
re

p
ar

ed
 f

o
r 

th
is

 S
E

IS
 d

id
 n

o
t 

d
ir

ec
tl

y
 i

n
co

rp
o

ra
te

 t
h

e 
p

re
ca

u
ti

o
n

ar
y
 p

ri
n
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p

le
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S
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F
S

E
IS

 S
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ti
o

n
 1
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.1

 f
o

r 
a 

d
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cu
ss

io
n
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f 

th
e 

g
u

id
an

ce
 a

v
ai
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b

le
 f

o
r 
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n

st
ru

ct
in

g
 a

 

w
o

rs
t 

ca
se
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n

al
y

si
s.

) 

G
en

er
al

ly
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th

e 
te

rm
 “

p
re
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u

ti
o

n
ar

y
 p

ri
n

ci
p

le
” 

is
 a

n
 a

p
p

ro
ac

h
 t

o
 d

ea
li

n
g

 w
it

h
 d

ec
is

io
n

-

m
ak

in
g

 i
n

 t
h

e 
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ce
 o

f 
u

n
ce

rt
ai

n
ty

, 
w

it
h

 t
h
e 

o
v

er
al

l 
in

te
n

t 
to

 r
ed

u
ce

 r
is

k
 t

o
 t

h
e 

en
v

ir
o

n
m

en
t.

 

W
h

il
e 

th
e 

p
re

ca
u

ti
o

n
ar

y
 p

ri
n

ci
p

le
 w

as
 n

o
t 

d
ir

ec
tl

y
 a

p
p

li
ed

 t
o

 t
h

e 
w

o
rs

t 
ca

se
 a

n
al

y
si

s,
 

th
e 

in
te

n
t 

to
 r

ed
u

ce
 r

is
k

 i
n

 t
h

e 
fa

ce
 o

f 
u

n
ce

rt
ai

n
ty

 i
s 

ap
p

li
ed

 t
o
 t

h
e 

A
M

P
 i

n
 t

h
e 

fo
ll

o
w

in
g

 m
an

n
er

: 

T
h

e 
A

M
P

 i
d

en
ti

fi
es

 k
ey

 u
n

ce
rt

ai
n

ti
es

 a
n

d
 f

o
cu

se
s 

m
o

n
it

o
ri

n
g

 o
n

 t
h

es
e 

p
o

te
n

ti
al

 

ef
fe

ct
s 

so
 t

h
at

 t
h

ey
 c

an
 b

e 
d

et
ec

te
d

 a
n

d
 a

d
d

re
ss

ed
, 
if

 n
ec

es
sa

ry
;

T
h

e 
A

M
P

 i
s 

d
es

ig
n

ed
 t

o
 r

ed
u

ce
 t

h
e 

ri
sk

 o
f 

si
g

n
if

ic
an

t 
ir

re
v

er
si

b
le

 e
ff

ec
ts

; 

F
le

x
ib

le
 p

ro
d

u
ct

io
n

 l
ev

el
s 

al
lo

w
 t

h
e 

A
M

P
 p

ro
ce

ss
 t

o
 a

d
ju

st
 h

at
ch

er
y

 p
ro

d
u

ct
io

n
 

to
 b

e 
co

m
p

at
ib

le
 w

it
h

 m
in

im
iz

in
g

 p
o

te
n

ti
al

 e
ff

ec
ts

 o
n

 s
p

ec
ie

s 
an

d
 t

o
 r

es
p

o
n

d
 t

o
 

en
v

ir
o

n
m

en
ta

l 
co

n
st

ra
in

ts
; 

an
d

 

T
h

e 
A

M
P

 i
d

en
ti

fi
es

 f
in

an
ci

al
 c

o
m

m
it

m
en

ts
 f

o
r 

im
p

le
m

en
ta

ti
o

n
. 

In
 a

d
d

it
io

n
, 
th

ro
u

g
h

 o
p

er
at

io
n

 o
f 

th
e 

in
te

ri
m

 h
at

ch
er

y
, 
S

P
U

 h
as

 i
d

en
ti

fi
ed

 s
o

m
e 

li
m

it
at

io
n

s 
in

 t
h

e 
p

re
se

n
t 

fa
ci

li
ty

 t
h

at
 a

re
 b

ei
n

g
 a

d
d

re
ss

ed
 i

n
 d

es
ig

n
 o

f 
th

e 
re

p
la

ce
m

en
t 

h
at

ch
er

y
. 
 T

h
es

e 
ch

an
g

es
 w

il
l 

re
su

lt
 i

n
 a

 b
et

te
r 

m
at

ch
 w

it
h

 t
h
e 

ti
m

in
g

 a
n

d
 

d
ev

el
o

p
m

en
t 

o
f 

n
at

u
ra

l 
o

ri
g

in
 f

ry
. 
 O

v
er

al
l,

 t
h

e 
h

at
ch

er
y

 h
as

 a
d

o
p

te
d

 c
o

n
se

rv
at

iv
e,

 

p
re

ca
u
ti

o
n
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y

 o
p

er
at

in
g

 p
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ls
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o
 m

in
im
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e 

o
r 
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o

id
 h

at
ch

er
y
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ff
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ts
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 c
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ed
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S

E
P
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p
p

ea
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er
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w

o
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se
 a

n
al

y
se

s 
fo
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se

d
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n
 t

h
o
se
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ss

u
es
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d

en
ti

fi
ed
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n

 t
h

e 
H
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n
g
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 d
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n
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n
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d
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g
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u
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h
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x
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n

d
 d
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u
d
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f 
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es
 c

o
n
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d
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h
e 
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n

g
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x
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in
er

 b
u

t 
n

o
t 
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en
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s 
n

ee
d
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d
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n
al

 e
v
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u

at
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n
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ee
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en
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p
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n
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o
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1
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c
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h
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R
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T
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T
h

is
 c

o
m

m
en

t 
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d
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ss
es

 t
h

e 
C

it
y
’s

 p
o
li

cy
 d

ec
is

io
n

 t
o
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m

p
le

m
en

t 
an

 A
M

P
 a

n
d

 i
s 

n
o

t 
a 
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cu

s 
o

f 
th

is
 S

E
IS

. 
 T

h
e 
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o

p
e 

o
f 

th
is

 S
E

IS
 i

n
cl

u
d
es

 t
h

o
se

 i
ss

u
es

 t
h

at
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h
e 

H
ea

ri
n

g
 

E
x
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in

er
’s

 d
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is
io

n
 d
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te
d

 S
P

U
 t

o
 f

u
rt

h
er

 d
ev

el
o

p
. 
 S

ee
 G

en
er

al
 R

es
p

o
n

se
 N

o
. 
1

. 

T
T

-7
. 

S
P

U
 a

ss
u

m
es

 t
h

at
 t

h
e 

“o
to

li
th

 s
tu

d
ie

s”
 r

ef
er

s 
p

ri
m

ar
il

y
 t

o
 t

h
e 

re
ce

n
tl

y
 p

u
b

li
sh

ed
 

re
p

o
rt

 b
y

 F
re

sh
 e

t 
al

. 
(2

0
0

3
).

  
T

h
e 

fi
v

e 
h

y
p

o
th

es
es

 l
is

te
d

 i
n

 S
ec

ti
o

n
 2

.1
.4

. 
 o

f 
th

e 
A

M
P

 

in
cl

u
d

e:
 

H
y

p
o

th
es

is
 1

: 
 T

h
er

e 
is

 n
o

 d
if

fe
re

n
ce

 i
n

 m
ig

ra
ti

o
n

 t
im

in
g

 b
et

w
ee

n
 h

at
ch

er
y

 a
n

d
 

n
at

u
ra

ll
y
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ro

d
u

ce
d

 f
ry

.

R
es

p
o

n
se

: 
T

h
e 

re
p

o
rt

 b
y

 F
re

sh
 e

t 
al

. 
(2

0
0

3
) 
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o
 d
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a 
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d
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y
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D
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n
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p
u

b
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sh
ed
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n
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n

n
u

al
 r

ep
o

rt
s 

th
at

 c
o

m
p

ar
e 

o
u
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ig

ra
ti

o
n

 t
im

in
g

 b
et

w
ee

n
 h

at
ch

er
y
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n

d
 

n
at

u
ra

l 
fr

y
. 
 T

h
e 

d
if
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re

n
ce
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in

 f
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in
g
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re
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el
y

 d
u

e 
to

 d
if
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re

n
ce

s 
in
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n
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b
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n
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m

p
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u
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w

ee
n
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er
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fe
ct
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g
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at

u
ra

l 
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y
 d

ev
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o
p

m
en

t)
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n
d
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p
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n

g
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at
er
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ff

ec
ti

n
g

 h
at

ch
er

y
 f

ry
 d

ev
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o
p

m
en

t)
 a

s 
w

el
l 
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o
 d

if
fe

re
n

ce
s 

in
 b

ro
o

d
st

o
ck
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ll

ec
ti

o
n

 t
im

in
g

 c
o

m
p

ar
ed

 t
o

 t
h

e 
o

v
er

al
l 

sp
aw

n
in

g
 t

im
in

g
 o

f 
th

e 
ru

n
. 
 T

h
e 

re
p

la
ce

m
en

t 
h

at
ch

er
y

 w
o

u
ld

 p
ro

v
id

e 
a 

h
ea

t 
ex

ch
an

g
er

 t
o

 a
lt

er
 s

p
ri

n
g

 w
at

er
 

te
m

p
er

at
u

re
 t

o
 a

p
p

ro
x

im
at

e 
th

at
 o

f 
th

e 
ri

v
er

 w
at

er
, 
an

d
 t

h
e 

n
ew

 b
ro

o
d

st
o

ck
 c

o
ll

ec
ti

o
n

 

fa
ci

li
ty

 w
o

u
ld

 e
n

h
an

ce
 t

h
e 

o
p

p
o

rt
u

n
it

y
 t

o
 c

o
ll

ec
t 

b
ro

o
d

st
o

ck
 l

at
er

 i
n

 t
h

e 
ru

n
, 
to

 b
et

te
r 

m
at

ch
 o

v
er

al
l 

ru
n

 t
im

in
g

. 
 R

at
h

er
 t

h
an

 d
em

o
n

st
ra

te
 t

h
at

 t
h

e 
g

o
al

 o
f 

si
m

il
ar

 f
ry

 t
im

in
g
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n

n
o

t 
b

e 
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h
ie

v
ed

, 
re

su
lt

s 
o

f 
th

e 
in

te
ri

m
 h

at
ch

er
y

 h
av

e 
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o
w

n
 w

h
at

 m
u
st

 b
e 

in
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rp
o

ra
te

d
 i

n
to

 t
h
e 

d
es

ig
n

 o
f 

th
e 

re
p

la
ce

m
en

t 
h

at
ch

er
y

 t
o

 e
li

m
in

at
e 

th
o

se
 

co
n
st

ra
in

ts
 t

h
at

 c
an

 b
e 

co
n
tr

o
ll

ed
. 

H
y

p
o

th
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is
 2

: 
 A

t 
th

e 
ti

m
e 

o
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 u
se

 o
f 

d
at

a.
  
N

o
 a

d
ap

ti
v

e 

m
an

ag
em

en
t 

p
ro

ce
ss

 h
as

 b
ee

n
 i

m
p

le
m

en
te

d
 f

o
r 

th
e 

in
te

ri
m

 h
at

ch
er

y
. 

 S
ee

 R
es

p
o

n
se

 

2
7

 o
f 

th
is

 l
et

te
r.

 

T
h

e 
co

m
m

en
te

r 
m

ay
 b

e 
co

n
fu

se
d

 a
b

o
u

t 
tw

o
 d

if
fe

re
n

t 
re

p
o

rt
s 

b
y

 F
re

sh
. 
 S

ea
tt

le
 P

u
b

li
c 

U
ti

li
ti

es
 h

as
 n

o
t 

cr
it

ic
iz

ed
 t

h
e 

F
re

sh
 e

t 
al

. 
(2

0
0

1
) 

re
p

o
rt

 t
h

at
 a

n
al

y
ze

s 
B

ea
r 

C
re

ek
 

st
ra

y
s.

  
F

re
sh

 e
t 

al
. 

(2
0

0
1

) 
d

es
cr

ib
ed

 t
h

e 
re

su
lt

s 
o
f 

o
to

li
th

 s
am

p
li

n
g

 i
n

 B
ea

r 
C

re
ek

 i
n

 

1
9

9
8

, 
1

9
9

9
 a

n
d

 2
0

0
0

 f
o

r 
th

e 
p

u
rp

o
se

s 
o

f 
ev

al
u

at
in

g
 s

tr
ay

in
g

 f
ro

m
 t

h
e 

h
at

ch
er

y
 t

o
 

C
o

m
m

e
n

t 
L

e
tt

e
r 

T
T

 

C
e
d

a
r 

R
iv

e
r 

S
o

c
k
e

y
e

 H
a
tc

h
e
ry

 P
ro

je
c
t 

–
 F

in
a
l 
S

u
p

p
le

m
e
n

ta
l 
E

IS
 

S
e
a
tt

le
 P

u
b

li
c
 U

ti
li
ti

e
s
 

R
e
s
p

o
n

s
e
 t

o
 C

o
m

m
e
n

t

B
ea

r 
C

re
ek

. 
 I

n
fo

rm
at

io
n

 f
ro

m
 t

h
e 

F
re

sh
 e

t 
al

. 
(2

0
0

1
) 

re
p

o
rt

 w
as

 u
se

d
 t

o
 e

v
al

u
at

e 
th

e 

w
o

rs
t 

ca
se

 a
n

al
y

si
s 

o
f 

st
ra

y
in

g
 t

o
 B

ea
r 

C
re

ek
. 

F
re

sh
 e

t 
al

. 
(2

0
0

3
),

 f
ir

st
 r

el
ea

se
d

 a
s 

a 
d

ra
ft

 i
n

 2
0

0
2

, 
an

al
y

ze
s 

o
to

li
th

 d
at

a 
co

ll
ec

te
d

 i
n

 

th
e 

C
ed

ar
 R

iv
er

 f
ro

m
 1

9
9

5
 t

h
ro

u
g

h
 2

0
0

0
 a

n
d

 c
o

m
p

ar
es

 h
at

ch
er

y
 a

n
d

 n
at

u
ra

l 
o

ri
g

in
 

re
tu

rn
s 

w
it

h
 r

es
p

ec
t 

to
 t

im
e 

o
f 

re
tu

rn
, 
sp

aw
n

in
g

 d
is

tr
ib

u
ti

o
n

, 
si

ze
 a

n
d

 a
g

e 
at

 m
at

u
ri

ty
. 
  

S
am

p
li

n
g

 a
n

d
 a

n
al

y
ti

ca
l 

m
et

h
o

d
s 

as
so

ci
at

ed
 w

it
h

 t
h

e 
d

ra
ft

 F
re

sh
 e

t 
al

. 
re

p
o

rt
 (

2
0

0
2

) 

w
er

e 
re

v
ie

w
ed

 b
y

 D
r.

 J
o

h
n

 S
k

al
sk

i 
o

f 
th

e 
U

n
iv

er
si

ty
 o

f 
W

as
h

in
g

to
n

 a
t 

th
e 

re
q

u
es

t 
o

f 

th
e 

C
ed

ar
 R

iv
er

 A
n

ad
ro

m
o

u
s 

F
is

h
 C

o
m

m
it

te
e 

an
d

 w
it

h
 t

h
e 

co
o

p
er

at
io

n
 o

f 
tw

o
 o

f 
th

e 

au
th

o
rs

 a
n

d
 o

th
er

 W
D

F
W

 s
ta

ff
. 

 D
r.

 S
k

al
sk

i’
s 

re
v

ie
w

 i
n

d
ic

at
ed

 t
h

at
 c

er
ta

in
 a

n
al

y
se

s 

in
 t

h
e 

d
ra

ft
 r

ep
o

rt
 w

o
u

ld
 b

e 
u

n
re

li
ab

le
 d

u
e 

to
 s

am
p

li
n

g
 m

et
h

o
d

o
lo

g
y

. 
 A

u
th

o
rs

 o
f 

th
e 

re
p

o
rt

 a
g

re
ed

 w
it

h
 t

h
is

 a
ss

es
sm

en
t 

an
d

 m
o

d
if

ie
d

 t
h

e 
fi

n
al

 v
er

si
o

n
 o

f 
th

e 
re

p
o

rt
 (

F
re

sh
 

et
 a

l.
, 
2

0
0

3
, 
re

le
as

ed
 i

n
 2

0
0

5
).

In
fo

rm
at

io
n

 f
ro

m
 t

h
e 

re
ce

n
tl

y
 r

el
ea

se
d

 F
re

sh
 e

t 
al

. 
(2

0
0

3
) 

re
p

o
rt

 h
as

 b
ee

n
 a

d
d

ed
 t

o
 

th
e 

A
M

P
. 
 S

ev
er

al
 o

f 
th

e 
sc

ie
n
ti

st
s 

o
n

 t
h

e 
g

en
et

ic
s 

p
an

el
 f

o
r 

w
o

rs
t 

ca
se

 a
n

al
y

si
s 

h
ad

 

re
v

ie
w

ed
 t

h
e 

d
ra

ft
 o

to
li

th
 r

ep
o

rt
 (

2
0

0
2

);
 o

n
e 

w
as

 a
 c

o
-a

u
th

o
r.

A
t 

th
e 

ti
m

e 
th

at
 t

h
e 

w
o

rs
t 

ca
se

 a
n

al
y

si
s 

w
as

 b
ei

n
g

 d
o

n
e,

 t
h

e 
F

re
sh

 e
t 

al
. 
(2

0
0

3
) 

re
p

o
rt

 

w
as

 u
n

d
er

g
o

in
g

 f
u

rt
h

er
 W

D
F

W
 r

ev
ie

w
 a

n
d

 t
h

e 
fi

n
al

 v
er

si
o

n
 h

ad
 n

o
t 

b
ee

n
 r

el
ea

se
d

.

H
o

w
ev

er
, 
re

su
lt

s 
o

n
 h

at
ch

er
y

 s
p

aw
n

er
 d

is
tr

ib
u

ti
o

n
, 
w

h
ic

h
 a

re
 i

n
cl

u
d

ed
 i

n
 t

h
e 

fi
n

al
 

re
p

o
rt

, 
w

er
e 

co
n

si
d

er
ed

 i
n

 t
h

e 
d

is
cu

ss
io

n
 o

f 
h

o
m

o
g

en
iz

at
io

n
 b

y
 t

h
e 

g
ro

u
p

 o
f 

sc
ie

n
ti

st
s 

w
h

en
 t

h
ey

 m
et

 t
o

 c
o

n
si

d
er

 g
en

et
ic

 e
ff

ec
ts

. 
  

F
re

sh
 e

t 
al

. 
(2

0
0

3
) 

fo
u

n
d

 d
if

fe
re

n
ce

s 
in

 s
o

m
e 

co
m

p
ar

is
o

n
s 

b
et

w
ee

n
 h

at
ch

er
y

 a
n

d
 

n
at

u
ra

l 
o

ri
g

in
 f

em
al

es
 a

n
d

 o
th

er
 m

ea
su

re
s.

  
T

h
e 

fi
n

al
 r

ep
o

rt
 p

o
in

ts
 t

o
 s

o
m

e 

d
if

fe
re

n
ce

s 
in

 s
iz

e 
o

f 
fe

m
al

es
 o

f 
th

e 
sa

m
e 

ag
e,

 t
im

in
g

 o
f 

co
ll

ec
ti

o
n

 o
f 

b
ro

o
d

st
o

ck
 a

n
d

 

te
m

p
o

ra
l 

an
d

 s
p

at
ia

l 
sp

aw
n

in
g

 d
is

tr
ib

u
ti

o
n

 o
f 

ad
u

lt
s 

at
tr

ib
u

ta
b

le
 t

o
 t

h
e 

h
at

ch
er

y
.

D
if

fe
re

n
ce

s 
in

 s
iz

e,
 b

as
ed

 o
n

 t
h

e 
2

0
0

2
 d

ra
ft

, 
w

er
e 

d
is

cu
ss

ed
 i

n
 t

h
e 

F
E

IS
 (

p
p

. 
2

.4
-3

3
-

3
4

; 
A

p
p

en
d

ix
 A

, 
p

p
. 
A

-5
-8

).
  
L

an
g

u
ag

e 
h

as
 b

ee
n

 a
d

d
ed

 t
o

 t
h

e 
F

S
E

IS
 r

ef
er

ri
n

g
 t

o
 

th
es

e 
fi

n
d

in
g

s.
  

S
ee

 S
ec

ti
o

n
 3

.2
.4

.1
 a

n
d

 A
p

p
en

d
ix

 C
. 

 T
h

e 
p

o
te

n
ti

al
 f

o
r 

d
if

fe
re

n
ce

s 
in

 

ru
n

 t
im

in
g

 w
er

e 
id

en
ti

fi
ed

 i
n

 t
h

e 
F

E
IS

 (
p

.2
.4

-3
2

) 
an

d
 f

u
rt

h
er

 d
is

cu
ss

io
n

 o
f 

th
es

e 

d
if

fe
re

n
ce

s 
h

as
 b

ee
n

 a
d

d
ed

 t
o

 t
h

e 
S

E
IS

, 
S

ec
ti

o
n

 3
.2

.4
.1

. 
 P

o
te

n
ti

al
 d

if
fe

re
n

ce
s 

in
 

sp
aw

n
in

g
 d

is
tr

ib
u

ti
o

n
 w

er
e 

id
en

ti
fi

ed
 i

n
 t

h
e 

F
E

IS
 (

p
. 

2
.4

-3
8

).
  

S
u

b
se

q
u

en
t 

in
fo

rm
at

io
n
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ro

m
 F

re
sh

 e
t 

al
. 
(2

0
0

3
) 

th
at

 d
is

cu
ss

es
 d

if
fe

re
n

ce
s 

in
 s

p
aw

n
in

g
 

d
is

tr
ib

u
ti

o
n

 b
et

w
ee

n
 h

at
ch

er
y

 a
n

d
 n

at
u

ra
l 

o
ri

g
in

 r
et

u
rn

s 
h

as
 b

ee
n

 a
d

d
ed

 t
o

 t
h

e 
F

S
E

IS
 

S
ec

ti
o

n
 3

.2
.3

.1
. 

 T
h

es
e 

ef
fe

ct
s 

w
er

e 
co

n
si

d
er

ed
 i

n
 t

h
e 

d
ev

el
o

p
m

en
t 

o
f 

th
e 

w
o

rs
t 

ca
se

 

an
al

y
si

s.

F
ac

il
it

y
 i

m
p

ro
v

em
en

ts
 p

ro
p

o
se

d
 f

o
r 

th
e 

re
p

la
ce

m
en

t 
h

at
ch

er
y
 a

re
 i

n
te

n
d

ed
 t

o
 a

d
d

re
ss

 

th
e 

d
if

fe
re

n
ce

s 
in

 t
im

in
g

 o
f 

fr
y

 o
u

tm
ig

ra
ti

o
n

 a
n

d
 w

il
l 

m
o
re

 c
lo

se
ly

 a
li

g
n

 t
h

e 

co
ll

ec
ti

o
n

 o
f 

b
ro

o
d

st
o

ck
 w

it
h

 t
h

e 
o

v
er

al
l 

ru
n

 t
im

in
g

. 
 H

o
w

ev
er

, 
th

es
e 

ch
an

g
es

 m
ay

 

n
o

t 
el

im
in

at
e 

al
l 

d
if

fe
re

n
ce

s 
b

et
w

ee
n

 h
at

ch
er

y
 a

n
d

 n
at

u
ra

l 
o

ri
g

in
 s

o
ck

ey
e 

in
 t

h
e 

C
ed

ar
 

R
iv

er
.

A
s 

d
es

cr
ib

ed
 i

n
 S

ec
ti

o
n

 1
.7

.2
 o

f 
th

e 
S

E
IS

, 
sp

aw
n

in
g

 d
is

tr
ib

u
ti

o
n

 w
il

l 
li

k
el

y
 b

e 

d
if

fe
re

n
t 

b
et

w
ee

n
 h

at
ch

er
y

 a
n

d
 n

at
u
ra

l 
o

ri
g

in
 r

et
u

rn
s,

 r
es

u
lt

in
g

 i
n

 a
 h

ig
h

 p
ro

b
ab

il
it

y
 



C
o

m
m

e
n

t 
L

e
tt

e
r 

T
T

 

C
e
d

a
r 

R
iv

e
r 

S
o

c
k
e

y
e

 H
a
tc

h
e
ry

 P
ro

je
c
t 

–
 F

in
a
l 
S

u
p

p
le

m
e
n

ta
l 
E

IS
 

S
e
a
tt

le
 P

u
b

li
c
 U

ti
li
ti

e
s
 

R
e
s
p

o
n

s
e
 t

o
 C

o
m

m
e
n

t

o
f 

h
o

m
o

g
en

iz
at

io
n

 u
n

d
er

 a
 w

o
rs

t 
ca

se
 s

ce
n

ar
io

. 
 T

h
is

 f
in

d
in

g
 w

as
 b

as
ed

 o
n

 t
h

e 

as
su

m
p

ti
o

n
 t

h
at

 t
h

er
e 

is
 s

o
m

e 
su

b
p

o
p

u
la

ti
o

n
 s

tr
u

ct
u

re
 i

n
 t

h
e 

C
ed

ar
 R

iv
er

. 
 T

h
er

e 
ar

e 

n
o

 d
at

a 
to

 c
o

n
fi

rm
 t

h
is

 a
ss

u
m

p
ti

o
n

, 
an

d
 t

h
er

e 
ar

e 
d

if
fe

ri
n

g
 v

ie
w

s 
o

n
 t

h
e 

le
v

el
 o

f 

d
if

fe
re

n
ti

at
io

n
 t

h
at

 m
ay

 e
x

is
t.

  
T

h
e 

F
E

IS
 (

p
. 

2
.4

-3
8

) 
d

is
cu

ss
es

 f
in

d
in

g
s 

in
 t

h
e 

d
ra

ft
 

F
re

sh
 e

t 
al

. 
re

p
o

rt
, 
n

o
ti

n
g

 t
h

at
 h

at
ch

er
y

 r
el

ea
se

 p
ra

ct
ic

es
 c

o
u

ld
 r

es
u

lt
 i

n
 d

if
fe

re
n

ce
s 

b
et

w
ee

n
 h

at
ch

er
y

 a
n

d
 n

at
u

ra
l 

o
ri

g
in

 r
et

u
rn

s,
 l

ea
d

in
g

 t
o

 m
ix

in
g

 o
f 

fi
sh

 t
h

ro
u

g
h

o
u

t 
th

e 

ri
v

er
. 
 T

h
is

 m
ix

in
g

 w
o

u
ld

 o
b

sc
u

re
 s

u
b

p
o

p
u

la
ti

o
n

 s
tr

u
ct

u
re

 b
as

ed
 o

n
 s

p
at

ia
l 

d
if

fe
re

n
ce

s.
 

T
h

e 
le

v
el

 o
f 

im
p

ac
t 

o
f 

h
o

m
o

g
en

iz
at

io
n

 o
n

 t
h

e 
re

p
ro

d
u

ct
iv

e 
fi

tn
es

s 
o

f 
th

e 
so

ck
ey

e 

p
o

p
u

la
ti

o
n

 i
s 

u
n

ce
rt

ai
n

. 
 T

h
e 

C
ed

ar
 R

iv
er

 s
o

ck
ey

e 
p

o
p

u
la

ti
o

n
 d

is
p

la
y

s 
an

 u
n

u
su

al
ly

 

lo
n

g
 r

u
n

 t
im

in
g

 (
4

 t
o

 5
 m

o
n

th
s)

 a
n

d
 s

tr
ea

m
 l

if
e 

is
 e

st
im

at
ed

 a
t 

ab
o

u
t 

2
 w

ee
k

s,
 m

ak
in

g
 

it
 u

n
li

k
el

y
 t

h
at

 f
is

h
 o

f 
d

if
fe

re
n

t 
ru

n
 t

im
in

g
 w

il
l 

in
te

rb
re

ed
 e

it
h
er

 i
n

 t
h

e 
h

at
ch

er
y

 o
r 

in
 

th
e 

n
at

u
ra

l 
en

v
ir

o
n

m
en

t.
  
T

h
er

ef
o

re
, 
su

b
p

o
p

u
la

ti
o

n
 s

tr
u

ct
u

re
 b

as
ed

 o
n

 t
em

p
o

ra
l 

se
p

ar
at

io
n

 w
o

u
ld

 b
e 

le
ss

 l
ik

el
y

 t
o

 c
h

an
g

e 
si

g
n

if
ic

an
tl

y
.

S
o

m
e 

sc
ie

n
ti

st
s 

b
el

ie
v

e 
th

at
 t

h
e 

C
ed

ar
 R

iv
er

 i
n

cl
u
d

es
 s

u
b

st
an

ti
al

 h
ab

it
at

 d
iv

er
si

ty
 a

n
d

 

th
at

 t
h

is
 w

o
u

ld
 b

e 
ex

p
ec

te
d

 t
o

 c
re

at
e 

su
b

p
o

p
u

la
ti

o
n

 s
tr

u
ct

u
re

 t
h

at
 w

o
u

ld
 b

e 
lo

st
 

th
ro

u
g

h
 h

o
m

o
g

en
iz

at
io

n
. 
 H

o
w

ev
er

, 
H

al
l 

an
d

 W
is

sm
ar

 (
2

0
0

4
) 

d
es

cr
ib

e 
th

e 
C

ed
ar

 

R
iv

er
 a

s 
“a

n
 a

lt
er

ed
 r

iv
er

 s
y

st
em

 w
it

h
 l

im
it

ed
 h

ab
it

at
 t

y
p

es
” 

an
d

 d
es

cr
ib

e 
th

e 
ch

an
g

es
 

th
at

 h
av

e 
m

ad
e 

th
e 
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v
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 u
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y
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f 
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d
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u

g
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S

E
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n
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d
d
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h
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S
E
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 c
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u
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h
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W
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h
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 d
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u
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 m
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e 
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k
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v
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n
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 t
h
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n
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n
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e 

fo
ra

g
e 

b
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 c
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b
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h
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h
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 d
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 c
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d
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 d
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 c
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 b
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 t
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e 
to

p
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d
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 d
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 b
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 c
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p
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 o
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 c
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 b
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 b
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 m
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 b
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 c
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 b
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 c
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 d
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p
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R
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h
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M
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n
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 C
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h
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) 
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f 
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F
u
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h
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d
ie

s 
w

il
l 

b
e 
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ed

 t
h
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u

g
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o
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st

u
d
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H
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h
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C
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 b
e 
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p
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o
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y
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ee
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d

 f
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m
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at
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n
d
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s 

n
o

t 
d

ep
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d
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o
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u
n
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en

u
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d
d
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n
al

 l
an

g
u
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e 

h
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 b
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n
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d
d

ed
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o
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h
e 
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d
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p
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p
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b
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ti
o

n
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f 
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e 

A
M

P
 t

o
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v
o
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u
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 c

o
n
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o
n
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d
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at
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n
 f
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r 
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h

in
o

o
k
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o
v
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y
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o

t 
d

ir
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y

 r
el

at
ed

 t
o

 

ei
th

er
 t

h
e 

w
o
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t 
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se
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n
al

y
si

s 
o
r 

th
e 

A
M

P
, 

th
e 

su
b

je
ct
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at

te
r 

o
f 

th
is

 S
E

IS
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 d

ir
ec

te
d

 

b
y

 t
h

e 
H
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n
g

 E
x
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in

er
. 

 P
le
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e 
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fe
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T
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 c
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n
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al
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u

m
en

t 
th

at
 i
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n

o
t 

d
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ec
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y
 r

el
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ed
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o
 e
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h

er
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h
e 

w
o
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t 
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se

 a
n

al
y

si
s 

o
r 
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e 

d
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ti
o

n
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f 
th

e 
A

M
P
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le
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e 
se
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en
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al
 R
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o
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o
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1
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T

h
e 
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m

m
en
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d
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es
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u
es

 t
h

at
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 b

ey
o

n
d

 t
h

e 
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ec
if

ic
 i
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u

es
 t

h
at
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h

e 
H
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n
g

 

E
x
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in

er
 d

ir
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d
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u
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 b
e 

ev
al

u
at

ed
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s 
p

ar
t 

o
f 

th
e 

w
o
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t 
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se
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n

al
y

si
s 

in
 t

h
e 

S
E

IS
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T
h
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H
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n
g
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x
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 d
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m
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h
at
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o

te
n
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al
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m

p
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ro
m

 d
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u

d
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g
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N
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w

er
e 
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u
at

el
y

 d
is
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n
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h
e 

F
E
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o
n
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f 

th
e 

H
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ri
n

g
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x
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in
er
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 d
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n
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o
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E
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d
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 t
o
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C

o
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d
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h
e 

L
M

A
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e 
C

it
y
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e 
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ec
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ic
 c

o
m

m
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m
en
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o
 c

o
n
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h
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h
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er

y
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s 

d
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ed
 i
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h
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H
C
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en
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p
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o
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n
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f 
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 l
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 l
et

te
r.

 

 
T
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 c
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T
h
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 c
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h
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T

h
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o
t 
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b
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 t
h
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d
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S
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 r
ea
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 d
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q
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H
C

P
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n
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y
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r 
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n
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 t
h
e 

C
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er
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ed
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n
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h
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o
b
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iv
e 

b
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h
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h
e 
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b
u

n
d
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t 
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e 
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p
u
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n
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 t
h
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L
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e 

W
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h
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h
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p
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m
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 c
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m
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t 
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d
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tl
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h
e 
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A
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le
as

e 
re

fe
r 

to
 G

en
er

al
 R

es
p

o
n

se
 N

o
. 
1
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 t
h

e 
p

ro
p

o
se

d
 h

at
ch

er
y
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 d

o
es

 n
o

t 
as

se
rt

 t
h

at
 f

u
n

d
in

g
 w

il
l 

b
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h
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 t
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b
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h
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b
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h
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 b
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h
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h
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 t
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h
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h
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h
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n
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p
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 t
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c
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h
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p
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R
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h
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p
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 c
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 c
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 d
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h
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 b
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 b
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h
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 t
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b
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 f
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b
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b
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 m
o
re

 t
h

an
 m

o
n
it

o
ri

n
g

 a
lo

n
e.

  
Im

p
o

rt
an

t 
fe

at
u

re
s 

o
f 

ad
ap

ti
v
e 

m
an

ag
em

en
t 

in
cl

u
d

e 
th
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h
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